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Outline

• Introduction of Network Embedding

• Co-embedding of Attributed Network for User Profiling

• Dynamic Embedding for User Profiling

• Walking with Reinforcement for Semi-supervised

Embedding learning from Attributed Network

• Active Heterogenous Network Embedding

• Future work Discussion



Network Embedding
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Create features by transforming the graph into 
a lower dimensional latent representation.

● Node Classification
● Link Prediction
● Community Detection
● Visualization 
● etc



Visual Example
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On Zachary’s Karate Graph:



Attributed Network Embedding
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Our dataset is obtained from p3

Our paper extends the proposed approach in p2
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Network Topology Matrix

Node Features

Node Embedding

● Node Classification
● Node Profiling
● Link Prediction
● Community Detection
● Visualization, etc



Recent Work of Network Embedding
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Attributed Network

Heterogenous Network
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This is not a complete list. To be updated continuously
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Interaction

1. J. Scott. (1991, 2000, 2012). Social network analysis: A handbook. 
2. D. Easley and J. Kleinberg. Networks, crowds, and markets: Reasoning about a highly connected world. Cambridge University Press, 2010. 

Challenges
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• Introduction of Network Embedding

• Co-embedding of Attributed Network for User Profiling
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Problem: Attributed Network Co-Embedding

Goal: map nodes and features in the same space

Input: 
Attributed Network 

Output: Node and
feature embedding
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Problem: Attributed Network Co-Embedding

Our Co-embedding Model
• Represent both node and feature in the same space   

à to quantitatively measure their relationship 
• Represent node/attribute by a Gaussian distribution, not a 

single point               
• à to capture the uncertainty Output: 

• Node representation
• Attribute representation



Co-Embedding Model for Attributed Network 

The proposed model, CAN, based on VAE

Inference model Generative model Reconstructed graph
G
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Input graph

Dense
<latexit sha1_base64="tiuR31DKRrdg+ByeLCWMRQcR9Z8=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KkkR9FjQg8cK9gPaWDbbSbt0swm7E7WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdTf3WA2gjYnWH4wT8iA2UCAVnaKX7LsITBmF2DcrApFcquxV3BrpMvJyUSY56r/TV7cc8jUAhl8yYjucm6GdMo+ASJsVuaiBhfMQG0LFUsQiMn82untBTq/RpGGtbCulM/T2RsciYcRTYzojh0Cx6U/E/r5NieOlnQiUpguLzRWEqKcZ0GgHtCw0c5dgSxrWwt1I+ZJpxtEEVbQje4svLpFmteG7Fuz0v16p5HAVyTE7IGfHIBamRG1InDcKJJs/klbw5j86L8+58zFtXnHzmiPyB8/kDAQ6Sxg==</latexit><latexit sha1_base64="tiuR31DKRrdg+ByeLCWMRQcR9Z8=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KkkR9FjQg8cK9gPaWDbbSbt0swm7E7WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdTf3WA2gjYnWH4wT8iA2UCAVnaKX7LsITBmF2DcrApFcquxV3BrpMvJyUSY56r/TV7cc8jUAhl8yYjucm6GdMo+ASJsVuaiBhfMQG0LFUsQiMn82untBTq/RpGGtbCulM/T2RsciYcRTYzojh0Cx6U/E/r5NieOlnQiUpguLzRWEqKcZ0GgHtCw0c5dgSxrWwt1I+ZJpxtEEVbQje4svLpFmteG7Fuz0v16p5HAVyTE7IGfHIBamRG1InDcKJJs/klbw5j86L8+58zFtXnHzmiPyB8/kDAQ6Sxg==</latexit><latexit sha1_base64="tiuR31DKRrdg+ByeLCWMRQcR9Z8=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KkkR9FjQg8cK9gPaWDbbSbt0swm7E7WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdTf3WA2gjYnWH4wT8iA2UCAVnaKX7LsITBmF2DcrApFcquxV3BrpMvJyUSY56r/TV7cc8jUAhl8yYjucm6GdMo+ASJsVuaiBhfMQG0LFUsQiMn82untBTq/RpGGtbCulM/T2RsciYcRTYzojh0Cx6U/E/r5NieOlnQiUpguLzRWEqKcZ0GgHtCw0c5dgSxrWwt1I+ZJpxtEEVbQje4svLpFmteG7Fuz0v16p5HAVyTE7IGfHIBamRG1InDcKJJs/klbw5j86L8+58zFtXnHzmiPyB8/kDAQ6Sxg==</latexit><latexit sha1_base64="tiuR31DKRrdg+ByeLCWMRQcR9Z8=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KkkR9FjQg8cK9gPaWDbbSbt0swm7E7WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdTf3WA2gjYnWH4wT8iA2UCAVnaKX7LsITBmF2DcrApFcquxV3BrpMvJyUSY56r/TV7cc8jUAhl8yYjucm6GdMo+ASJsVuaiBhfMQG0LFUsQiMn82untBTq/RpGGtbCulM/T2RsciYcRTYzojh0Cx6U/E/r5NieOlnQiUpguLzRWEqKcZ0GgHtCw0c5dgSxrWwt1I+ZJpxtEEVbQje4svLpFmteG7Fuz0v16p5HAVyTE7IGfHIBamRG1InDcKJJs/klbw5j86L8+58zFtXnHzmiPyB8/kDAQ6Sxg==</latexit>

ZV
i

<latexit sha1_base64="zEKUOEVQ45Y3a5L6G6gFDFAnbXg=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFcFWSIuiy4MZlBXvBNobJdNIOnUzCzEQoIeDGV3HjQhG3voQ738ZJmoW2/jDw8Z9zmHN+P2ZUKtv+Niorq2vrG9XN2tb2zu6euX/QlVEiMOngiEWi7yNJGOWko6hipB8LgkKfkZ4/vcrrvQciJI34rZrFxA3RmNOAYqS05ZlHwxCpiR+kd9l9WjBGLO1mmUc9s2437ELWMjgl1KFU2zO/hqMIJyHhCjMk5cCxY+WmSCiKGclqw0SSGOEpGpOBRo5CIt20uCGzTrUzsoJI6MeVVbi/J1IUSjkLfd2ZbykXa7n5X22QqODSTSmPE0U4nn8UJMxSkZUHYo2oIFixmQaEBdW7WniCBMJKx1bTITiLJy9Dt9lw7IZzc15vNcs4qnAMJ3AGDlxAC66hDR3A8AjP8ApvxpPxYrwbH/PWilHOHMIfGZ8/FbyYYQ==</latexit><latexit sha1_base64="zEKUOEVQ45Y3a5L6G6gFDFAnbXg=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFcFWSIuiy4MZlBXvBNobJdNIOnUzCzEQoIeDGV3HjQhG3voQ738ZJmoW2/jDw8Z9zmHN+P2ZUKtv+Niorq2vrG9XN2tb2zu6euX/QlVEiMOngiEWi7yNJGOWko6hipB8LgkKfkZ4/vcrrvQciJI34rZrFxA3RmNOAYqS05ZlHwxCpiR+kd9l9WjBGLO1mmUc9s2437ELWMjgl1KFU2zO/hqMIJyHhCjMk5cCxY+WmSCiKGclqw0SSGOEpGpOBRo5CIt20uCGzTrUzsoJI6MeVVbi/J1IUSjkLfd2ZbykXa7n5X22QqODSTSmPE0U4nn8UJMxSkZUHYo2oIFixmQaEBdW7WniCBMJKx1bTITiLJy9Dt9lw7IZzc15vNcs4qnAMJ3AGDlxAC66hDR3A8AjP8ApvxpPxYrwbH/PWilHOHMIfGZ8/FbyYYQ==</latexit><latexit sha1_base64="zEKUOEVQ45Y3a5L6G6gFDFAnbXg=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFcFWSIuiy4MZlBXvBNobJdNIOnUzCzEQoIeDGV3HjQhG3voQ738ZJmoW2/jDw8Z9zmHN+P2ZUKtv+Niorq2vrG9XN2tb2zu6euX/QlVEiMOngiEWi7yNJGOWko6hipB8LgkKfkZ4/vcrrvQciJI34rZrFxA3RmNOAYqS05ZlHwxCpiR+kd9l9WjBGLO1mmUc9s2437ELWMjgl1KFU2zO/hqMIJyHhCjMk5cCxY+WmSCiKGclqw0SSGOEpGpOBRo5CIt20uCGzTrUzsoJI6MeVVbi/J1IUSjkLfd2ZbykXa7n5X22QqODSTSmPE0U4nn8UJMxSkZUHYo2oIFixmQaEBdW7WniCBMJKx1bTITiLJy9Dt9lw7IZzc15vNcs4qnAMJ3AGDlxAC66hDR3A8AjP8ApvxpPxYrwbH/PWilHOHMIfGZ8/FbyYYQ==</latexit><latexit sha1_base64="zEKUOEVQ45Y3a5L6G6gFDFAnbXg=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFcFWSIuiy4MZlBXvBNobJdNIOnUzCzEQoIeDGV3HjQhG3voQ738ZJmoW2/jDw8Z9zmHN+P2ZUKtv+Niorq2vrG9XN2tb2zu6euX/QlVEiMOngiEWi7yNJGOWko6hipB8LgkKfkZ4/vcrrvQciJI34rZrFxA3RmNOAYqS05ZlHwxCpiR+kd9l9WjBGLO1mmUc9s2437ELWMjgl1KFU2zO/hqMIJyHhCjMk5cCxY+WmSCiKGclqw0SSGOEpGpOBRo5CIt20uCGzTrUzsoJI6MeVVbi/J1IUSjkLfd2ZbykXa7n5X22QqODSTSmPE0U4nn8UJMxSkZUHYo2oIFixmQaEBdW7WniCBMJKx1bTITiLJy9Dt9lw7IZzc15vNcs4qnAMJ3AGDlxAC66hDR3A8AjP8ApvxpPxYrwbH/PWilHOHMIfGZ8/FbyYYQ==</latexit>

ZV
j

<latexit sha1_base64="rSGlq/PaP4e+tROHPsy/rVHiJOA=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4KokIuiy4MZlBXvBNobJdNKOnVyYmQglBNz4Km5cKOLWl3Dn2zhJs9DWHwY+/nMOc87vxZxJZVnfRmVpeWV1rbpe29jc2t4xd/c6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNLvN694EKyaLwRk1j6gR4FDKfEay05ZoHgwCrseent9ldWjDBPO1kmXvvmnWrYRVCi2CXUIdSLdf8GgwjkgQ0VIRjKfu2FSsnxUIxwmlWGySSxphM8Ij2NYY4oNJJixsydKydIfIjoV+oUOH+nkhxIOU08HRnvqWcr+Xmf7V+ovwLJ2VhnCgaktlHfsKRilAeCBoyQYniUw2YCKZ3RWSMBSZKx1bTIdjzJy9C57RhWw37+qzePC3jqMIhHMEJ2HAOTbiCFrSBwCM8wyu8GU/Gi/FufMxaK0Y5sw9/ZHz+ABdAmGI=</latexit><latexit sha1_base64="rSGlq/PaP4e+tROHPsy/rVHiJOA=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4KokIuiy4MZlBXvBNobJdNKOnVyYmQglBNz4Km5cKOLWl3Dn2zhJs9DWHwY+/nMOc87vxZxJZVnfRmVpeWV1rbpe29jc2t4xd/c6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNLvN694EKyaLwRk1j6gR4FDKfEay05ZoHgwCrseent9ldWjDBPO1kmXvvmnWrYRVCi2CXUIdSLdf8GgwjkgQ0VIRjKfu2FSsnxUIxwmlWGySSxphM8Ij2NYY4oNJJixsydKydIfIjoV+oUOH+nkhxIOU08HRnvqWcr+Xmf7V+ovwLJ2VhnCgaktlHfsKRilAeCBoyQYniUw2YCKZ3RWSMBSZKx1bTIdjzJy9C57RhWw37+qzePC3jqMIhHMEJ2HAOTbiCFrSBwCM8wyu8GU/Gi/FufMxaK0Y5sw9/ZHz+ABdAmGI=</latexit><latexit sha1_base64="rSGlq/PaP4e+tROHPsy/rVHiJOA=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4KokIuiy4MZlBXvBNobJdNKOnVyYmQglBNz4Km5cKOLWl3Dn2zhJs9DWHwY+/nMOc87vxZxJZVnfRmVpeWV1rbpe29jc2t4xd/c6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNLvN694EKyaLwRk1j6gR4FDKfEay05ZoHgwCrseent9ldWjDBPO1kmXvvmnWrYRVCi2CXUIdSLdf8GgwjkgQ0VIRjKfu2FSsnxUIxwmlWGySSxphM8Ij2NYY4oNJJixsydKydIfIjoV+oUOH+nkhxIOU08HRnvqWcr+Xmf7V+ovwLJ2VhnCgaktlHfsKRilAeCBoyQYniUw2YCKZ3RWSMBSZKx1bTIdjzJy9C57RhWw37+qzePC3jqMIhHMEJ2HAOTbiCFrSBwCM8wyu8GU/Gi/FufMxaK0Y5sw9/ZHz+ABdAmGI=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fyz51btqTclkeJmh1yYEappEcKM=">AAAB+HicbZBPS8MwGMbfzn9zTq0e9RIcgqfRenFHwYvHCe4PbrWkWbrFpWlJUmGUghe/ihcPivhJvPltTLsddPOBwI/nScj7PkHCmdKO821V1tY3Nreq27Wd+u7evn1Q76o4lYR2SMxj2Q+wopwJ2tFMc9pPJMVRwGkvmF4Vee+RSsVicatnCfUiPBYsZARrY/n20TDCehKE2V1+n5VMMM+6ee4/+HbDaTql0Cq4C2jAQm3f/hqOYpJGVGjCsVID10m0l2GpGeE0rw1TRRNMpnhMBwYFjqjysnKHHJ0aZ4TCWJojNCrd3y8yHCk1iwJzs5hSLWeF+V82SHXY8jImklRTQeYfhSlHOkZFIWjEJCWazwxgIpmZFZEJlphoU1vNlOAur7wK3fOm6zTdGweqcAwncAYuXMAlXEMbOkDgCV7gDd6tZ+vV+pjXVbEWvR3CH1mfP44jlwQ=</latexit><latexit sha1_base64="fyz51btqTclkeJmh1yYEappEcKM=">AAAB+HicbZBPS8MwGMbfzn9zTq0e9RIcgqfRenFHwYvHCe4PbrWkWbrFpWlJUmGUghe/ihcPivhJvPltTLsddPOBwI/nScj7PkHCmdKO821V1tY3Nreq27Wd+u7evn1Q76o4lYR2SMxj2Q+wopwJ2tFMc9pPJMVRwGkvmF4Vee+RSsVicatnCfUiPBYsZARrY/n20TDCehKE2V1+n5VMMM+6ee4/+HbDaTql0Cq4C2jAQm3f/hqOYpJGVGjCsVID10m0l2GpGeE0rw1TRRNMpnhMBwYFjqjysnKHHJ0aZ4TCWJojNCrd3y8yHCk1iwJzs5hSLWeF+V82SHXY8jImklRTQeYfhSlHOkZFIWjEJCWazwxgIpmZFZEJlphoU1vNlOAur7wK3fOm6zTdGweqcAwncAYuXMAlXEMbOkDgCV7gDd6tZ+vV+pjXVbEWvR3CH1mfP44jlwQ=</latexit><latexit sha1_base64="hOgqL4rDsQILyO+QPdvm8UazrOg=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFcFWSbnRZcOOygr1gG8NkOmnHTiZhZiKUEHDjq7hxoYhbX8Kdb+MkzUJbfxj4+M85zDm/HzMqlW1/G5WV1bX1jepmbWt7Z3fP3D/oyigRmHRwxCLR95EkjHLSUVQx0o8FQaHPSM+fXub13gMRkkb8Rs1i4oZozGlAMVLa8syjYYjUxA/S2+wuLRgjlnazzLv3zLrdsAtZy+CUUIdSbc/8Go4inISEK8yQlAPHjpWbIqEoZiSrDRNJYoSnaEwGGjkKiXTT4obMOtXOyAoioR9XVuH+nkhRKOUs9HVnvqVcrOXmf7VBooILN6U8ThTheP5RkDBLRVYeiDWigmDFZhoQFlTvauEJEggrHVtNh+AsnrwM3WbDsRvOtV1vNcs4qnAMJ3AGDpxDC66gDR3A8AjP8ApvxpPxYrwbH/PWilHOHMIfGZ8/FgCYXg==</latexit><latexit sha1_base64="rSGlq/PaP4e+tROHPsy/rVHiJOA=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4KokIuiy4MZlBXvBNobJdNKOnVyYmQglBNz4Km5cKOLWl3Dn2zhJs9DWHwY+/nMOc87vxZxJZVnfRmVpeWV1rbpe29jc2t4xd/c6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNLvN694EKyaLwRk1j6gR4FDKfEay05ZoHgwCrseent9ldWjDBPO1kmXvvmnWrYRVCi2CXUIdSLdf8GgwjkgQ0VIRjKfu2FSsnxUIxwmlWGySSxphM8Ij2NYY4oNJJixsydKydIfIjoV+oUOH+nkhxIOU08HRnvqWcr+Xmf7V+ovwLJ2VhnCgaktlHfsKRilAeCBoyQYniUw2YCKZ3RWSMBSZKx1bTIdjzJy9C57RhWw37+qzePC3jqMIhHMEJ2HAOTbiCFrSBwCM8wyu8GU/Gi/FufMxaK0Y5sw9/ZHz+ABdAmGI=</latexit><latexit sha1_base64="rSGlq/PaP4e+tROHPsy/rVHiJOA=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4KokIuiy4MZlBXvBNobJdNKOnVyYmQglBNz4Km5cKOLWl3Dn2zhJs9DWHwY+/nMOc87vxZxJZVnfRmVpeWV1rbpe29jc2t4xd/c6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNLvN694EKyaLwRk1j6gR4FDKfEay05ZoHgwCrseent9ldWjDBPO1kmXvvmnWrYRVCi2CXUIdSLdf8GgwjkgQ0VIRjKfu2FSsnxUIxwmlWGySSxphM8Ij2NYY4oNJJixsydKydIfIjoV+oUOH+nkhxIOU08HRnvqWcr+Xmf7V+ovwLJ2VhnCgaktlHfsKRilAeCBoyQYniUw2YCKZ3RWSMBSZKx1bTIdjzJy9C57RhWw37+qzePC3jqMIhHMEJ2HAOTbiCFrSBwCM8wyu8GU/Gi/FufMxaK0Y5sw9/ZHz+ABdAmGI=</latexit><latexit sha1_base64="rSGlq/PaP4e+tROHPsy/rVHiJOA=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4KokIuiy4MZlBXvBNobJdNKOnVyYmQglBNz4Km5cKOLWl3Dn2zhJs9DWHwY+/nMOc87vxZxJZVnfRmVpeWV1rbpe29jc2t4xd/c6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNLvN694EKyaLwRk1j6gR4FDKfEay05ZoHgwCrseent9ldWjDBPO1kmXvvmnWrYRVCi2CXUIdSLdf8GgwjkgQ0VIRjKfu2FSsnxUIxwmlWGySSxphM8Ij2NYY4oNJJixsydKydIfIjoV+oUOH+nkhxIOU08HRnvqWcr+Xmf7V+ovwLJ2VhnCgaktlHfsKRilAeCBoyQYniUw2YCKZ3RWSMBSZKx1bTIdjzJy9C57RhWw37+qzePC3jqMIhHMEJ2HAOTbiCFrSBwCM8wyu8GU/Gi/FufMxaK0Y5sw9/ZHz+ABdAmGI=</latexit><latexit sha1_base64="rSGlq/PaP4e+tROHPsy/rVHiJOA=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4KokIuiy4MZlBXvBNobJdNKOnVyYmQglBNz4Km5cKOLWl3Dn2zhJs9DWHwY+/nMOc87vxZxJZVnfRmVpeWV1rbpe29jc2t4xd/c6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNLvN694EKyaLwRk1j6gR4FDKfEay05ZoHgwCrseent9ldWjDBPO1kmXvvmnWrYRVCi2CXUIdSLdf8GgwjkgQ0VIRjKfu2FSsnxUIxwmlWGySSxphM8Ij2NYY4oNJJixsydKydIfIjoV+oUOH+nkhxIOU08HRnvqWcr+Xmf7V+ovwLJ2VhnCgaktlHfsKRilAeCBoyQYniUw2YCKZ3RWSMBSZKx1bTIdjzJy9C57RhWw37+qzePC3jqMIhHMEJ2HAOTbiCFrSBwCM8wyu8GU/Gi/FufMxaK0Y5sw9/ZHz+ABdAmGI=</latexit><latexit sha1_base64="rSGlq/PaP4e+tROHPsy/rVHiJOA=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4KokIuiy4MZlBXvBNobJdNKOnVyYmQglBNz4Km5cKOLWl3Dn2zhJs9DWHwY+/nMOc87vxZxJZVnfRmVpeWV1rbpe29jc2t4xd/c6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNLvN694EKyaLwRk1j6gR4FDKfEay05ZoHgwCrseent9ldWjDBPO1kmXvvmnWrYRVCi2CXUIdSLdf8GgwjkgQ0VIRjKfu2FSsnxUIxwmlWGySSxphM8Ij2NYY4oNJJixsydKydIfIjoV+oUOH+nkhxIOU08HRnvqWcr+Xmf7V+ovwLJ2VhnCgaktlHfsKRilAeCBoyQYniUw2YCKZ3RWSMBSZKx1bTIdjzJy9C57RhWw37+qzePC3jqMIhHMEJ2HAOTbiCFrSBwCM8wyu8GU/Gi/FufMxaK0Y5sw9/ZHz+ABdAmGI=</latexit><latexit sha1_base64="rSGlq/PaP4e+tROHPsy/rVHiJOA=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgaL4KokIuiy4MZlBXvBNobJdNKOnVyYmQglBNz4Km5cKOLWl3Dn2zhJs9DWHwY+/nMOc87vxZxJZVnfRmVpeWV1rbpe29jc2t4xd/c6MkoEoW0S8Uj0PCwpZyFtK6Y47cWC4sDjtOtNLvN694EKyaLwRk1j6gR4FDKfEay05ZoHgwCrseent9ldWjDBPO1kmXvvmnWrYRVCi2CXUIdSLdf8GgwjkgQ0VIRjKfu2FSsnxUIxwmlWGySSxphM8Ij2NYY4oNJJixsydKydIfIjoV+oUOH+nkhxIOU08HRnvqWcr+Xmf7V+ovwLJ2VhnCgaktlHfsKRilAeCBoyQYniUw2YCKZ3RWSMBSZKx1bTIdjzJy9C57RhWw37+qzePC3jqMIhHMEJ2HAOTbiCFrSBwCM8wyu8GU/Gi/FufMxaK0Y5sw9/ZHz+ABdAmGI=</latexit>
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g✓
<latexit sha1_base64="eU6ryvJCxt1Mol9QbOIg7xr3vSk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0GPBi8cK9gPaUDbbabt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKQw5HnfTmFjc2t7p7hb2ts/ODwqH5+0TJxqjk0ey1h3QmZQCoVNEiSxk2hkUSixHU5u5377CbURsXqgaYJBxEZKDAVnZKXOqN+jMRLrlyte1VvAXSd+TiqQo9Evf/UGMU8jVMQlM6brewkFGdMkuMRZqZcaTBifsBF2LVUsQhNki3tn7oVVBu4w1rYUuQv190TGImOmUWg7I0Zjs+rNxf+8bkrDmyATKkkJFV8uGqbSpdidP+8OhEZOcmoJ41rYW10+ZppxshGVbAj+6svrpFWr+l7Vv7+q1Gt5HEU4g3O4BB+uoQ530IAmcJDwDK/w5jw6L86787FsLTj5zCn8gfP5AxpGj/I=</latexit><latexit sha1_base64="eU6ryvJCxt1Mol9QbOIg7xr3vSk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0GPBi8cK9gPaUDbbabt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKQw5HnfTmFjc2t7p7hb2ts/ODwqH5+0TJxqjk0ey1h3QmZQCoVNEiSxk2hkUSixHU5u5377CbURsXqgaYJBxEZKDAVnZKXOqN+jMRLrlyte1VvAXSd+TiqQo9Evf/UGMU8jVMQlM6brewkFGdMkuMRZqZcaTBifsBF2LVUsQhNki3tn7oVVBu4w1rYUuQv190TGImOmUWg7I0Zjs+rNxf+8bkrDmyATKkkJFV8uGqbSpdidP+8OhEZOcmoJ41rYW10+ZppxshGVbAj+6svrpFWr+l7Vv7+q1Gt5HEU4g3O4BB+uoQ530IAmcJDwDK/w5jw6L86787FsLTj5zCn8gfP5AxpGj/I=</latexit><latexit sha1_base64="eU6ryvJCxt1Mol9QbOIg7xr3vSk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0GPBi8cK9gPaUDbbabt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKQw5HnfTmFjc2t7p7hb2ts/ODwqH5+0TJxqjk0ey1h3QmZQCoVNEiSxk2hkUSixHU5u5377CbURsXqgaYJBxEZKDAVnZKXOqN+jMRLrlyte1VvAXSd+TiqQo9Evf/UGMU8jVMQlM6brewkFGdMkuMRZqZcaTBifsBF2LVUsQhNki3tn7oVVBu4w1rYUuQv190TGImOmUWg7I0Zjs+rNxf+8bkrDmyATKkkJFV8uGqbSpdidP+8OhEZOcmoJ41rYW10+ZppxshGVbAj+6svrpFWr+l7Vv7+q1Gt5HEU4g3O4BB+uoQ530IAmcJDwDK/w5jw6L86787FsLTj5zCn8gfP5AxpGj/I=</latexit><latexit sha1_base64="eU6ryvJCxt1Mol9QbOIg7xr3vSk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0GPBi8cK9gPaUDbbabt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKQw5HnfTmFjc2t7p7hb2ts/ODwqH5+0TJxqjk0ey1h3QmZQCoVNEiSxk2hkUSixHU5u5377CbURsXqgaYJBxEZKDAVnZKXOqN+jMRLrlyte1VvAXSd+TiqQo9Evf/UGMU8jVMQlM6brewkFGdMkuMRZqZcaTBifsBF2LVUsQhNki3tn7oVVBu4w1rYUuQv190TGImOmUWg7I0Zjs+rNxf+8bkrDmyATKkkJFV8uGqbSpdidP+8OhEZOcmoJ41rYW10+ZppxshGVbAj+6svrpFWr+l7Vv7+q1Gt5HEU4g3O4BB+uoQ530IAmcJDwDK/w5jw6L86787FsLTj5zCn8gfP5AxpGj/I=</latexit>

f�
<latexit sha1_base64="c4THz2H5IJwir8urYKckgpY8AcI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4du63n7ixQqsHnKQ8TOhQiVgwik5qxf1eOhL9csWv+guQdRLkpAI5Gv3yV2+gWZZwhUxSa7uBn2I4pQYFk3xW6mWWp5SN6ZB3HVU04TacLq6dkQunDEisjSuFZKH+npjSxNpJErnOhOLIrnpz8T+vm2F8E06FSjPkii0XxZkkqMn8dTIQhjOUE0coM8LdStiIGsrQBVRyIQSrL6+TVq0a+NXg/qpSr+VxFOEMzuESAriGOtxBA5rA4BGe4RXePO29eO/ex7K14OUzp/AH3ucPhquPCA==</latexit><latexit sha1_base64="c4THz2H5IJwir8urYKckgpY8AcI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4du63n7ixQqsHnKQ8TOhQiVgwik5qxf1eOhL9csWv+guQdRLkpAI5Gv3yV2+gWZZwhUxSa7uBn2I4pQYFk3xW6mWWp5SN6ZB3HVU04TacLq6dkQunDEisjSuFZKH+npjSxNpJErnOhOLIrnpz8T+vm2F8E06FSjPkii0XxZkkqMn8dTIQhjOUE0coM8LdStiIGsrQBVRyIQSrL6+TVq0a+NXg/qpSr+VxFOEMzuESAriGOtxBA5rA4BGe4RXePO29eO/ex7K14OUzp/AH3ucPhquPCA==</latexit><latexit sha1_base64="c4THz2H5IJwir8urYKckgpY8AcI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4du63n7ixQqsHnKQ8TOhQiVgwik5qxf1eOhL9csWv+guQdRLkpAI5Gv3yV2+gWZZwhUxSa7uBn2I4pQYFk3xW6mWWp5SN6ZB3HVU04TacLq6dkQunDEisjSuFZKH+npjSxNpJErnOhOLIrnpz8T+vm2F8E06FSjPkii0XxZkkqMn8dTIQhjOUE0coM8LdStiIGsrQBVRyIQSrL6+TVq0a+NXg/qpSr+VxFOEMzuESAriGOtxBA5rA4BGe4RXePO29eO/ex7K14OUzp/AH3ucPhquPCA==</latexit><latexit sha1_base64="c4THz2H5IJwir8urYKckgpY8AcI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4jmAckS5idzCZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlEph0fe/vcLG5tb2TnG3tLd/cHhUPj5pWZ0ZxptMS206EbVcCsWbKFDyTmo4TSLJ29H4du63n7ixQqsHnKQ8TOhQiVgwik5qxf1eOhL9csWv+guQdRLkpAI5Gv3yV2+gWZZwhUxSa7uBn2I4pQYFk3xW6mWWp5SN6ZB3HVU04TacLq6dkQunDEisjSuFZKH+npjSxNpJErnOhOLIrnpz8T+vm2F8E06FSjPkii0XxZkkqMn8dTIQhjOUE0coM8LdStiIGsrQBVRyIQSrL6+TVq0a+NXg/qpSr+VxFOEMzuESAriGOtxBA5rA4BGe4RXePO29eO/ex7K14OUzp/AH3ucPhquPCA==</latexit>

[µAa
,�Aa ]

<latexit sha1_base64="XHm0Ips5B4BQZlW16wcK8OkT1Z4=">AAACL3icbVDLSsNAFJ34rPUVdekmWAQXUpIi6LIiiMsK9gFJCDeTSTt08mBmIpSQP3Ljr3Qjoohb/8JJm4VtvTAzh3PPZc49fsqokKb5rq2tb2xubdd26rt7+weH+tFxTyQZx6SLE5bwgQ+CMBqTrqSSkUHKCUQ+I31/fFf2+8+EC5rET3KSEjeCYUxDikEqytPvbcdPWCAmkXpyJ8oKT90gRxhYflt4UFwuCAQdRrCicT29YTbNWRmrwKpAA1XV8fSpEyQ4i0gsMQMhbMtMpZsDlxQzUtSdTJAU8BiGxFYwhogIN5/tWxjnigmMMOHqxNKYsX8ncohEaVgpS5tiuVeS//XsTIY3bk7jNJMkxvOPwowZMjHK8IyAcoIlmygAmFPl1cAj4ICliriuQrCWV14FvVbTMpvW41Wj3ariqKFTdIYukIWuURs9oA7qIoxe0BR9oE/tVXvTvrTvuXRNq2ZO0EJpP78M6awI</latexit><latexit sha1_base64="XHm0Ips5B4BQZlW16wcK8OkT1Z4=">AAACL3icbVDLSsNAFJ34rPUVdekmWAQXUpIi6LIiiMsK9gFJCDeTSTt08mBmIpSQP3Ljr3Qjoohb/8JJm4VtvTAzh3PPZc49fsqokKb5rq2tb2xubdd26rt7+weH+tFxTyQZx6SLE5bwgQ+CMBqTrqSSkUHKCUQ+I31/fFf2+8+EC5rET3KSEjeCYUxDikEqytPvbcdPWCAmkXpyJ8oKT90gRxhYflt4UFwuCAQdRrCicT29YTbNWRmrwKpAA1XV8fSpEyQ4i0gsMQMhbMtMpZsDlxQzUtSdTJAU8BiGxFYwhogIN5/tWxjnigmMMOHqxNKYsX8ncohEaVgpS5tiuVeS//XsTIY3bk7jNJMkxvOPwowZMjHK8IyAcoIlmygAmFPl1cAj4ICliriuQrCWV14FvVbTMpvW41Wj3ariqKFTdIYukIWuURs9oA7qIoxe0BR9oE/tVXvTvrTvuXRNq2ZO0EJpP78M6awI</latexit><latexit sha1_base64="XHm0Ips5B4BQZlW16wcK8OkT1Z4=">AAACL3icbVDLSsNAFJ34rPUVdekmWAQXUpIi6LIiiMsK9gFJCDeTSTt08mBmIpSQP3Ljr3Qjoohb/8JJm4VtvTAzh3PPZc49fsqokKb5rq2tb2xubdd26rt7+weH+tFxTyQZx6SLE5bwgQ+CMBqTrqSSkUHKCUQ+I31/fFf2+8+EC5rET3KSEjeCYUxDikEqytPvbcdPWCAmkXpyJ8oKT90gRxhYflt4UFwuCAQdRrCicT29YTbNWRmrwKpAA1XV8fSpEyQ4i0gsMQMhbMtMpZsDlxQzUtSdTJAU8BiGxFYwhogIN5/tWxjnigmMMOHqxNKYsX8ncohEaVgpS5tiuVeS//XsTIY3bk7jNJMkxvOPwowZMjHK8IyAcoIlmygAmFPl1cAj4ICliriuQrCWV14FvVbTMpvW41Wj3ariqKFTdIYukIWuURs9oA7qIoxe0BR9oE/tVXvTvrTvuXRNq2ZO0EJpP78M6awI</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="t0Xk5qRpVgfGIXMnDIZwu9C6Njc=">AAACJHicbVDLSsNAFL3xWWvV6NZNsAgupCRudKkI4rKCfUATws1k0g6dPJiZCCXkj9z4K92IKOKnOGm7sK0HZuZwzr3MvSfIOJPKtj+Mjc2t7Z3d2l59v3FweGQeN7oyzQWhHZLyVPQDlJSzhHYUU5z2M0ExDjjtBeP7yu+9UCFZmjyrSUa9GIcJixhBpSXffBi4QcpDOYn1U7hxXvr6RjUiyIu70sfycqlAsmGMazWebzbtlj2DtU6cBWnCAm3fnLphSvKYJopwlHLg2JnyChSKEU7LuptLmiEZ45AONE0wptIrZvuW1rlWQitKhT6Jsmbq344CY1kNrCurMeWqV4n/eYNcRTdewZIsVzQh84+inFsqtarwrJAJShSfaIJEMD2rRUYokCgdcV2H4KyuvE66Vy3HbjlPNtTgFM7gAhy4hlt4hDZ0gMArTOETvow34934nse1YSxyO4ElGD+/s4Oqfg==</latexit><latexit sha1_base64="t0Xk5qRpVgfGIXMnDIZwu9C6Njc=">AAACJHicbVDLSsNAFL3xWWvV6NZNsAgupCRudKkI4rKCfUATws1k0g6dPJiZCCXkj9z4K92IKOKnOGm7sK0HZuZwzr3MvSfIOJPKtj+Mjc2t7Z3d2l59v3FweGQeN7oyzQWhHZLyVPQDlJSzhHYUU5z2M0ExDjjtBeP7yu+9UCFZmjyrSUa9GIcJixhBpSXffBi4QcpDOYn1U7hxXvr6RjUiyIu70sfycqlAsmGMazWebzbtlj2DtU6cBWnCAm3fnLphSvKYJopwlHLg2JnyChSKEU7LuptLmiEZ45AONE0wptIrZvuW1rlWQitKhT6Jsmbq344CY1kNrCurMeWqV4n/eYNcRTdewZIsVzQh84+inFsqtarwrJAJShSfaIJEMD2rRUYokCgdcV2H4KyuvE66Vy3HbjlPNtTgFM7gAhy4hlt4hDZ0gMArTOETvow34934nse1YSxyO4ElGD+/s4Oqfg==</latexit><latexit sha1_base64="YnKJCY+7Go61YIDMgFsOoGKkQsE=">AAACL3icbVDLSsNAFJ3UV62vqEs3wSK4kJJ0o8uKIC4r2AckIdxMJu3QyYOZiVBC/siNv9KNiCJu/QsnbRa29cLMHM49lzn3+CmjQprmu1bb2Nza3qnvNvb2Dw6P9OOTvkgyjkkPJyzhQx8EYTQmPUklI8OUE4h8Rgb+5K7sD54JFzSJn+Q0JW4Eo5iGFINUlKff246fsEBMI/XkTpQVnrpBjjGw/LbwoLhaEgg6imBN43p602yZ8zLWgVWBJqqq6+kzJ0hwFpFYYgZC2JaZSjcHLilmpGg4mSAp4AmMiK1gDBERbj7ftzAuFBMYYcLViaUxZ/9O5BCJ0rBSljbFaq8k/+vZmQxv3JzGaSZJjBcfhRkzZGKU4RkB5QRLNlUAMKfKq4HHwAFLFXFDhWCtrrwO+u2WZbasR7PZaVdx1NEZOkeXyELXqIMeUBf1EEYvaIY+0Kf2qr1pX9r3QlrTqplTtFTazy8LqawE</latexit><latexit sha1_base64="XHm0Ips5B4BQZlW16wcK8OkT1Z4=">AAACL3icbVDLSsNAFJ34rPUVdekmWAQXUpIi6LIiiMsK9gFJCDeTSTt08mBmIpSQP3Ljr3Qjoohb/8JJm4VtvTAzh3PPZc49fsqokKb5rq2tb2xubdd26rt7+weH+tFxTyQZx6SLE5bwgQ+CMBqTrqSSkUHKCUQ+I31/fFf2+8+EC5rET3KSEjeCYUxDikEqytPvbcdPWCAmkXpyJ8oKT90gRxhYflt4UFwuCAQdRrCicT29YTbNWRmrwKpAA1XV8fSpEyQ4i0gsMQMhbMtMpZsDlxQzUtSdTJAU8BiGxFYwhogIN5/tWxjnigmMMOHqxNKYsX8ncohEaVgpS5tiuVeS//XsTIY3bk7jNJMkxvOPwowZMjHK8IyAcoIlmygAmFPl1cAj4ICliriuQrCWV14FvVbTMpvW41Wj3ariqKFTdIYukIWuURs9oA7qIoxe0BR9oE/tVXvTvrTvuXRNq2ZO0EJpP78M6awI</latexit><latexit sha1_base64="XHm0Ips5B4BQZlW16wcK8OkT1Z4=">AAACL3icbVDLSsNAFJ34rPUVdekmWAQXUpIi6LIiiMsK9gFJCDeTSTt08mBmIpSQP3Ljr3Qjoohb/8JJm4VtvTAzh3PPZc49fsqokKb5rq2tb2xubdd26rt7+weH+tFxTyQZx6SLE5bwgQ+CMBqTrqSSkUHKCUQ+I31/fFf2+8+EC5rET3KSEjeCYUxDikEqytPvbcdPWCAmkXpyJ8oKT90gRxhYflt4UFwuCAQdRrCicT29YTbNWRmrwKpAA1XV8fSpEyQ4i0gsMQMhbMtMpZsDlxQzUtSdTJAU8BiGxFYwhogIN5/tWxjnigmMMOHqxNKYsX8ncohEaVgpS5tiuVeS//XsTIY3bk7jNJMkxvOPwowZMjHK8IyAcoIlmygAmFPl1cAj4ICliriuQrCWV14FvVbTMpvW41Wj3ariqKFTdIYukIWuURs9oA7qIoxe0BR9oE/tVXvTvrTvuXRNq2ZO0EJpP78M6awI</latexit><latexit sha1_base64="XHm0Ips5B4BQZlW16wcK8OkT1Z4=">AAACL3icbVDLSsNAFJ34rPUVdekmWAQXUpIi6LIiiMsK9gFJCDeTSTt08mBmIpSQP3Ljr3Qjoohb/8JJm4VtvTAzh3PPZc49fsqokKb5rq2tb2xubdd26rt7+weH+tFxTyQZx6SLE5bwgQ+CMBqTrqSSkUHKCUQ+I31/fFf2+8+EC5rET3KSEjeCYUxDikEqytPvbcdPWCAmkXpyJ8oKT90gRxhYflt4UFwuCAQdRrCicT29YTbNWRmrwKpAA1XV8fSpEyQ4i0gsMQMhbMtMpZsDlxQzUtSdTJAU8BiGxFYwhogIN5/tWxjnigmMMOHqxNKYsX8ncohEaVgpS5tiuVeS//XsTIY3bk7jNJMkxvOPwowZMjHK8IyAcoIlmygAmFPl1cAj4ICliriuQrCWV14FvVbTMpvW41Wj3ariqKFTdIYukIWuURs9oA7qIoxe0BR9oE/tVXvTvrTvuXRNq2ZO0EJpP78M6awI</latexit><latexit sha1_base64="XHm0Ips5B4BQZlW16wcK8OkT1Z4=">AAACL3icbVDLSsNAFJ34rPUVdekmWAQXUpIi6LIiiMsK9gFJCDeTSTt08mBmIpSQP3Ljr3Qjoohb/8JJm4VtvTAzh3PPZc49fsqokKb5rq2tb2xubdd26rt7+weH+tFxTyQZx6SLE5bwgQ+CMBqTrqSSkUHKCUQ+I31/fFf2+8+EC5rET3KSEjeCYUxDikEqytPvbcdPWCAmkXpyJ8oKT90gRxhYflt4UFwuCAQdRrCicT29YTbNWRmrwKpAA1XV8fSpEyQ4i0gsMQMhbMtMpZsDlxQzUtSdTJAU8BiGxFYwhogIN5/tWxjnigmMMOHqxNKYsX8ncohEaVgpS5tiuVeS//XsTIY3bk7jNJMkxvOPwowZMjHK8IyAcoIlmygAmFPl1cAj4ICliriuQrCWV14FvVbTMpvW41Wj3ariqKFTdIYukIWuURs9oA7qIoxe0BR9oE/tVXvTvrTvuXRNq2ZO0EJpP78M6awI</latexit><latexit sha1_base64="XHm0Ips5B4BQZlW16wcK8OkT1Z4=">AAACL3icbVDLSsNAFJ34rPUVdekmWAQXUpIi6LIiiMsK9gFJCDeTSTt08mBmIpSQP3Ljr3Qjoohb/8JJm4VtvTAzh3PPZc49fsqokKb5rq2tb2xubdd26rt7+weH+tFxTyQZx6SLE5bwgQ+CMBqTrqSSkUHKCUQ+I31/fFf2+8+EC5rET3KSEjeCYUxDikEqytPvbcdPWCAmkXpyJ8oKT90gRxhYflt4UFwuCAQdRrCicT29YTbNWRmrwKpAA1XV8fSpEyQ4i0gsMQMhbMtMpZsDlxQzUtSdTJAU8BiGxFYwhogIN5/tWxjnigmMMOHqxNKYsX8ncohEaVgpS5tiuVeS//XsTIY3bk7jNJMkxvOPwowZMjHK8IyAcoIlmygAmFPl1cAj4ICliriuQrCWV14FvVbTMpvW41Wj3ariqKFTdIYukIWuURs9oA7qIoxe0BR9oE/tVXvTvrTvuXRNq2ZO0EJpP78M6awI</latexit><latexit sha1_base64="XHm0Ips5B4BQZlW16wcK8OkT1Z4=">AAACL3icbVDLSsNAFJ34rPUVdekmWAQXUpIi6LIiiMsK9gFJCDeTSTt08mBmIpSQP3Ljr3Qjoohb/8JJm4VtvTAzh3PPZc49fsqokKb5rq2tb2xubdd26rt7+weH+tFxTyQZx6SLE5bwgQ+CMBqTrqSSkUHKCUQ+I31/fFf2+8+EC5rET3KSEjeCYUxDikEqytPvbcdPWCAmkXpyJ8oKT90gRxhYflt4UFwuCAQdRrCicT29YTbNWRmrwKpAA1XV8fSpEyQ4i0gsMQMhbMtMpZsDlxQzUtSdTJAU8BiGxFYwhogIN5/tWxjnigmMMOHqxNKYsX8ncohEaVgpS5tiuVeS//XsTIY3bk7jNJMkxvOPwowZMjHK8IyAcoIlmygAmFPl1cAj4ICliriuQrCWV14FvVbTMpvW41Wj3ariqKFTdIYukIWuURs9oA7qIoxe0BR9oE/tVXvTvrTvuXRNq2ZO0EJpP78M6awI</latexit>

N (0, �̄2
AI)

<latexit sha1_base64="Ky07fsAoHrdcCpe/lIp9kyvZnRg="></latexit><latexit sha1_base64="Ky07fsAoHrdcCpe/lIp9kyvZnRg="></latexit><latexit sha1_base64="Ky07fsAoHrdcCpe/lIp9kyvZnRg="></latexit><latexit sha1_base64="Ky07fsAoHrdcCpe/lIp9kyvZnRg="></latexit>

N (0, �̄2
VI)

<latexit sha1_base64="xeg/KHBWUgUtZO1fxBE0LY32wQ4="></latexit><latexit sha1_base64="xeg/KHBWUgUtZO1fxBE0LY32wQ4="></latexit><latexit sha1_base64="xeg/KHBWUgUtZO1fxBE0LY32wQ4="></latexit><latexit sha1_base64="xeg/KHBWUgUtZO1fxBE0LY32wQ4="></latexit>

X̂ja
<latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="VmrdG1VPKuVt7+JvjTWtHhmTnkQ=">AAACAHicbVC9TsMwGPzCbykFAiuL1QqJqUpYYERiYSwS/ZGaqHIcpzV1nMh2kCorOwuvwsIAQjwFG2+D03aAlpMsn+78yfddlHOmtOd9OxubW9s7u7W9+n7j4PDIPW70VFZIQrsk45kcRFhRzgTtaqY5HeSS4jTitB9Nbyq//0ilYpm417OchikeC5YwgrWVRm4ziDIeq1lqLxOkWE+ixAQTrM2gLMuRecDlyG15bW8OtE78JWnBEp2R+xXEGSlSKjThWKmh7+U6NFhqRjgt60GhaI7JFI/p0FKBU6pCM9+lRGdWiVGSSXuERnP194TBqari2pdVWrXqVeJ/3rDQyVVomMgLTQVZfJQUHOkMVcWgmElKNJ9ZgolkNisiEywx0ba+ui3BX115nfQu2r7X9u88qMEpNOEcfLiEa7iFDnSBwBO8wBu8O8/Oq/OxqGvDWfZ2An/gfP4AZwqa5Q==</latexit><latexit sha1_base64="VmrdG1VPKuVt7+JvjTWtHhmTnkQ=">AAACAHicbVC9TsMwGPzCbykFAiuL1QqJqUpYYERiYSwS/ZGaqHIcpzV1nMh2kCorOwuvwsIAQjwFG2+D03aAlpMsn+78yfddlHOmtOd9OxubW9s7u7W9+n7j4PDIPW70VFZIQrsk45kcRFhRzgTtaqY5HeSS4jTitB9Nbyq//0ilYpm417OchikeC5YwgrWVRm4ziDIeq1lqLxOkWE+ixAQTrM2gLMuRecDlyG15bW8OtE78JWnBEp2R+xXEGSlSKjThWKmh7+U6NFhqRjgt60GhaI7JFI/p0FKBU6pCM9+lRGdWiVGSSXuERnP194TBqari2pdVWrXqVeJ/3rDQyVVomMgLTQVZfJQUHOkMVcWgmElKNJ9ZgolkNisiEywx0ba+ui3BX115nfQu2r7X9u88qMEpNOEcfLiEa7iFDnSBwBO8wBu8O8/Oq/OxqGvDWfZ2An/gfP4AZwqa5Q==</latexit><latexit sha1_base64="DyWqAARWrC15gAC8SkwRQ48B2yI=">AAACC3icbVC7TsMwFHXKq5RXgJElaoXEVCVdYKzEwlgk+pCaKHIcpzV17Mh2kCorOwu/wsIAQqz8ABt/g9NmgJYrWT46517dc0+UUSKV635btY3Nre2d+m5jb//g8Mg+PhlInguE+4hTLkYRlJgShvuKKIpHmcAwjSgeRrPrUh8+YCEJZ3dqnuEghRNGEoKgMlRoN/2I01jOU/NpP4VqGiXan0KlR0VRhPoeFqHdctvuopx14FWgBarqhfaXH3OUp5gpRKGUY8/NVKChUARRXDT8XOIMohmc4LGBDKZYBnpxS+GcGyZ2Ei7MY8pZsL8nNExladd0lm7lqlaS/2njXCVXgSYsyxVmaLkoyamjuFMG48REYKTo3ACIBDFeHTSFAiJl4muYELzVk9fBoNP23LZ367a6nSqOOjgDTXABPHAJuuAG9EAfIPAInsEreLOerBfr3fpYttasauYU/Cnr8wcYepxH</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="VmrdG1VPKuVt7+JvjTWtHhmTnkQ=">AAACAHicbVC9TsMwGPzCbykFAiuL1QqJqUpYYERiYSwS/ZGaqHIcpzV1nMh2kCorOwuvwsIAQjwFG2+D03aAlpMsn+78yfddlHOmtOd9OxubW9s7u7W9+n7j4PDIPW70VFZIQrsk45kcRFhRzgTtaqY5HeSS4jTitB9Nbyq//0ilYpm417OchikeC5YwgrWVRm4ziDIeq1lqLxOkWE+ixAQTrM2gLMuRecDlyG15bW8OtE78JWnBEp2R+xXEGSlSKjThWKmh7+U6NFhqRjgt60GhaI7JFI/p0FKBU6pCM9+lRGdWiVGSSXuERnP194TBqari2pdVWrXqVeJ/3rDQyVVomMgLTQVZfJQUHOkMVcWgmElKNJ9ZgolkNisiEywx0ba+ui3BX115nfQu2r7X9u88qMEpNOEcfLiEa7iFDnSBwBO8wBu8O8/Oq/OxqGvDWfZ2An/gfP4AZwqa5Q==</latexit><latexit sha1_base64="VmrdG1VPKuVt7+JvjTWtHhmTnkQ=">AAACAHicbVC9TsMwGPzCbykFAiuL1QqJqUpYYERiYSwS/ZGaqHIcpzV1nMh2kCorOwuvwsIAQjwFG2+D03aAlpMsn+78yfddlHOmtOd9OxubW9s7u7W9+n7j4PDIPW70VFZIQrsk45kcRFhRzgTtaqY5HeSS4jTitB9Nbyq//0ilYpm417OchikeC5YwgrWVRm4ziDIeq1lqLxOkWE+ixAQTrM2gLMuRecDlyG15bW8OtE78JWnBEp2R+xXEGSlSKjThWKmh7+U6NFhqRjgt60GhaI7JFI/p0FKBU6pCM9+lRGdWiVGSSXuERnP194TBqari2pdVWrXqVeJ/3rDQyVVomMgLTQVZfJQUHOkMVcWgmElKNJ9ZgolkNisiEywx0ba+ui3BX115nfQu2r7X9u88qMEpNOEcfLiEa7iFDnSBwBO8wBu8O8/Oq/OxqGvDWfZ2An/gfP4AZwqa5Q==</latexit><latexit sha1_base64="DyWqAARWrC15gAC8SkwRQ48B2yI=">AAACC3icbVC7TsMwFHXKq5RXgJElaoXEVCVdYKzEwlgk+pCaKHIcpzV17Mh2kCorOwu/wsIAQqz8ABt/g9NmgJYrWT46517dc0+UUSKV635btY3Nre2d+m5jb//g8Mg+PhlInguE+4hTLkYRlJgShvuKKIpHmcAwjSgeRrPrUh8+YCEJZ3dqnuEghRNGEoKgMlRoN/2I01jOU/NpP4VqGiXan0KlR0VRhPoeFqHdctvuopx14FWgBarqhfaXH3OUp5gpRKGUY8/NVKChUARRXDT8XOIMohmc4LGBDKZYBnpxS+GcGyZ2Ei7MY8pZsL8nNExladd0lm7lqlaS/2njXCVXgSYsyxVmaLkoyamjuFMG48REYKTo3ACIBDFeHTSFAiJl4muYELzVk9fBoNP23LZ367a6nSqOOjgDTXABPHAJuuAG9EAfIPAInsEreLOerBfr3fpYttasauYU/Cnr8wcYepxH</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit><latexit sha1_base64="HvOBmqeKIHr5rGbsgh1gS8ODB9U=">AAACC3icbVC7TsMwFHV4lvIKMLJErZCYqqRCgrESC2OR6ENqoshxnNbUsSPbQaqs7Cz8CgsDCLHyA2z8DU6bAVquZPnonHt1zz1RRolUrvttra1vbG5t13bqu3v7B4f20XFf8lwg3EOccjGMoMSUMNxTRFE8zASGaUTxIJpel/rgAQtJOLtTswwHKRwzkhAElaFCu+FHnMZylppP+ylUkyjR/gQqPSyKItT3sAjtptty5+WsAq8CTVBVN7S//JijPMVMIQqlHHlupgINhSKI4qLu5xJnEE3hGI8MZDDFMtDzWwrnzDCxk3BhHlPOnP09oWEqS7ums3Qrl7WS/E8b5Sq5CjRhWa4wQ4tFSU4dxZ0yGCcmAiNFZwZAJIjx6qAJFBApE1/dhOAtn7wK+u2W57a824tmp13FUQOnoAHOgQcuQQfcgC7oAQQewTN4BW/Wk/VivVsfi9Y1q5o5AX/K+vwBGbqcSw==</latexit>

Âij
<latexit sha1_base64="FI1vzBgx+Bf28hEo/YFKb4EQIBE=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCUVEoxFLIxFog+pqSLHcVpTx4lsB6mysrPwKywMIMTKD7DxNzhtBmi5kuWjc+7VPfcEKaNSOc63VVlb39jcqm7Xdnb39g/sw6OeTDKBSRcnLBGDAEnCKCddRRUjg1QQFAeM9IPpdaH3H4iQNOF3apaSUYzGnEYUI2Uo3657QcJCOYvNp70YqUkQaW+ClL7K89zX9D737YbTdOYFV4FbggYoq+PbX16Y4CwmXGGGpBy6TqpGGglFMSN5zcskSRGeojEZGshRTORIz2/J4alhQhglwjyu4Jz9PaFRLAu7prNwK5e1gvxPG2YquhxpytNMEY4Xi6KMQZXAIhgYUkGwYjMDEBbUeIV4ggTCysRXMyG4yyevgl6r6TpN9/a80W6VcVTBCaiDM+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx6K1YpUzx+BPWZ8/Ak2cPA==</latexit><latexit sha1_base64="FI1vzBgx+Bf28hEo/YFKb4EQIBE=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCUVEoxFLIxFog+pqSLHcVpTx4lsB6mysrPwKywMIMTKD7DxNzhtBmi5kuWjc+7VPfcEKaNSOc63VVlb39jcqm7Xdnb39g/sw6OeTDKBSRcnLBGDAEnCKCddRRUjg1QQFAeM9IPpdaH3H4iQNOF3apaSUYzGnEYUI2Uo3657QcJCOYvNp70YqUkQaW+ClL7K89zX9D737YbTdOYFV4FbggYoq+PbX16Y4CwmXGGGpBy6TqpGGglFMSN5zcskSRGeojEZGshRTORIz2/J4alhQhglwjyu4Jz9PaFRLAu7prNwK5e1gvxPG2YquhxpytNMEY4Xi6KMQZXAIhgYUkGwYjMDEBbUeIV4ggTCysRXMyG4yyevgl6r6TpN9/a80W6VcVTBCaiDM+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx6K1YpUzx+BPWZ8/Ak2cPA==</latexit><latexit sha1_base64="FI1vzBgx+Bf28hEo/YFKb4EQIBE=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCUVEoxFLIxFog+pqSLHcVpTx4lsB6mysrPwKywMIMTKD7DxNzhtBmi5kuWjc+7VPfcEKaNSOc63VVlb39jcqm7Xdnb39g/sw6OeTDKBSRcnLBGDAEnCKCddRRUjg1QQFAeM9IPpdaH3H4iQNOF3apaSUYzGnEYUI2Uo3657QcJCOYvNp70YqUkQaW+ClL7K89zX9D737YbTdOYFV4FbggYoq+PbX16Y4CwmXGGGpBy6TqpGGglFMSN5zcskSRGeojEZGshRTORIz2/J4alhQhglwjyu4Jz9PaFRLAu7prNwK5e1gvxPG2YquhxpytNMEY4Xi6KMQZXAIhgYUkGwYjMDEBbUeIV4ggTCysRXMyG4yyevgl6r6TpN9/a80W6VcVTBCaiDM+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx6K1YpUzx+BPWZ8/Ak2cPA==</latexit><latexit sha1_base64="FI1vzBgx+Bf28hEo/YFKb4EQIBE=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCUVEoxFLIxFog+pqSLHcVpTx4lsB6mysrPwKywMIMTKD7DxNzhtBmi5kuWjc+7VPfcEKaNSOc63VVlb39jcqm7Xdnb39g/sw6OeTDKBSRcnLBGDAEnCKCddRRUjg1QQFAeM9IPpdaH3H4iQNOF3apaSUYzGnEYUI2Uo3657QcJCOYvNp70YqUkQaW+ClL7K89zX9D737YbTdOYFV4FbggYoq+PbX16Y4CwmXGGGpBy6TqpGGglFMSN5zcskSRGeojEZGshRTORIz2/J4alhQhglwjyu4Jz9PaFRLAu7prNwK5e1gvxPG2YquhxpytNMEY4Xi6KMQZXAIhgYUkGwYjMDEBbUeIV4ggTCysRXMyG4yyevgl6r6TpN9/a80W6VcVTBCaiDM+CCC9AGN6ADugCDR/AMXsGb9WS9WO/Wx6K1YpUzx+BPWZ8/Ak2cPA==</latexit>

Ĝ
<latexit sha1_base64="IUIP95C3SzJ2re58y/B+huz1apk=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclaQIuiy40GUF+4AmlMl00g6dTMLMjVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSATX4Djf1tr6xubWdmWnuru3f3Bo1466Ok4VZR0ai1j1A6KZ4JJ1gINg/UQxEgWC9YLpdeH3HpjSPJb3MEuYH5Gx5CGnBIw0tGteRGBCici8CYHsJs+Hdt1pOHPgVeKWpI5KtIf2lzeKaRoxCVQQrQeuk4CfEQWcCpZXvVSzhNApGbOBoZJETPvZPHqOz4wywmGszJOA5+rvjYxEWs+iwEwWQfWyV4j/eYMUwis/4zJJgUm6OBSmAkOMix7wiCtGQcwMIVRxkxXTCVGEgmmrakpwl7+8SrrNhus03LuLeqtZ1lFBJ+gUnSMXXaIWukVt1EEUPaJn9IrerCfrxXq3Phaja1a5c4z+wPr8Ac+QlEs=</latexit><latexit sha1_base64="IUIP95C3SzJ2re58y/B+huz1apk=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclaQIuiy40GUF+4AmlMl00g6dTMLMjVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSATX4Djf1tr6xubWdmWnuru3f3Bo1466Ok4VZR0ai1j1A6KZ4JJ1gINg/UQxEgWC9YLpdeH3HpjSPJb3MEuYH5Gx5CGnBIw0tGteRGBCici8CYHsJs+Hdt1pOHPgVeKWpI5KtIf2lzeKaRoxCVQQrQeuk4CfEQWcCpZXvVSzhNApGbOBoZJETPvZPHqOz4wywmGszJOA5+rvjYxEWs+iwEwWQfWyV4j/eYMUwis/4zJJgUm6OBSmAkOMix7wiCtGQcwMIVRxkxXTCVGEgmmrakpwl7+8SrrNhus03LuLeqtZ1lFBJ+gUnSMXXaIWukVt1EEUPaJn9IrerCfrxXq3Phaja1a5c4z+wPr8Ac+QlEs=</latexit><latexit sha1_base64="IUIP95C3SzJ2re58y/B+huz1apk=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclaQIuiy40GUF+4AmlMl00g6dTMLMjVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSATX4Djf1tr6xubWdmWnuru3f3Bo1466Ok4VZR0ai1j1A6KZ4JJ1gINg/UQxEgWC9YLpdeH3HpjSPJb3MEuYH5Gx5CGnBIw0tGteRGBCici8CYHsJs+Hdt1pOHPgVeKWpI5KtIf2lzeKaRoxCVQQrQeuk4CfEQWcCpZXvVSzhNApGbOBoZJETPvZPHqOz4wywmGszJOA5+rvjYxEWs+iwEwWQfWyV4j/eYMUwis/4zJJgUm6OBSmAkOMix7wiCtGQcwMIVRxkxXTCVGEgmmrakpwl7+8SrrNhus03LuLeqtZ1lFBJ+gUnSMXXaIWukVt1EEUPaJn9IrerCfrxXq3Phaja1a5c4z+wPr8Ac+QlEs=</latexit><latexit sha1_base64="IUIP95C3SzJ2re58y/B+huz1apk=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclaQIuiy40GUF+4AmlMl00g6dTMLMjVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMnSATX4Djf1tr6xubWdmWnuru3f3Bo1466Ok4VZR0ai1j1A6KZ4JJ1gINg/UQxEgWC9YLpdeH3HpjSPJb3MEuYH5Gx5CGnBIw0tGteRGBCici8CYHsJs+Hdt1pOHPgVeKWpI5KtIf2lzeKaRoxCVQQrQeuk4CfEQWcCpZXvVSzhNApGbOBoZJETPvZPHqOz4wywmGszJOA5+rvjYxEWs+iwEwWQfWyV4j/eYMUwis/4zJJgUm6OBSmAkOMix7wiCtGQcwMIVRxkxXTCVGEgmmrakpwl7+8SrrNhus03LuLeqtZ1lFBJ+gUnSMXXaIWukVt1EEUPaJn9IrerCfrxXq3Phaja1a5c4z+wPr8Ac+QlEs=</latexit>

X̂
<latexit sha1_base64="GmEibgHXXNR369tm4klVmC2s5dk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0GXBjcsK9gFNKJPppB06eTBzUyihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTpFJodJxvq7K1vbO7V92vHRweHZ/Yp2ddnWSK8Q5LZKL6AdVciph3UKDk/VRxGgWS94LpfeH3ZlxpkcRPOE+5H9FxLELBKBppaNteRHEShLk3oZj3F4uhXXcazhJkk7glqUOJ9tD+8kYJyyIeI5NU64HrpOjnVKFgki9qXqZ5StmUjvnA0JhGXPv5MvmCXBllRMJEmRcjWaq/N3IaaT2PAjNZ5NTrXiH+5w0yDO/8XMRphjxmq0NhJgkmpKiBjITiDOXcEMqUMFkJm1BFGZqyaqYEd/3Lm6TbbLhOw328qbeaZR1VuIBLuAYXbqEFD9CGDjCYwTO8wpuVWy/Wu/WxGq1Y5c45/IH1+QMgQpPq</latexit><latexit sha1_base64="GmEibgHXXNR369tm4klVmC2s5dk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0GXBjcsK9gFNKJPppB06eTBzUyihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTpFJodJxvq7K1vbO7V92vHRweHZ/Yp2ddnWSK8Q5LZKL6AdVciph3UKDk/VRxGgWS94LpfeH3ZlxpkcRPOE+5H9FxLELBKBppaNteRHEShLk3oZj3F4uhXXcazhJkk7glqUOJ9tD+8kYJyyIeI5NU64HrpOjnVKFgki9qXqZ5StmUjvnA0JhGXPv5MvmCXBllRMJEmRcjWaq/N3IaaT2PAjNZ5NTrXiH+5w0yDO/8XMRphjxmq0NhJgkmpKiBjITiDOXcEMqUMFkJm1BFGZqyaqYEd/3Lm6TbbLhOw328qbeaZR1VuIBLuAYXbqEFD9CGDjCYwTO8wpuVWy/Wu/WxGq1Y5c45/IH1+QMgQpPq</latexit><latexit sha1_base64="GmEibgHXXNR369tm4klVmC2s5dk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0GXBjcsK9gFNKJPppB06eTBzUyihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTpFJodJxvq7K1vbO7V92vHRweHZ/Yp2ddnWSK8Q5LZKL6AdVciph3UKDk/VRxGgWS94LpfeH3ZlxpkcRPOE+5H9FxLELBKBppaNteRHEShLk3oZj3F4uhXXcazhJkk7glqUOJ9tD+8kYJyyIeI5NU64HrpOjnVKFgki9qXqZ5StmUjvnA0JhGXPv5MvmCXBllRMJEmRcjWaq/N3IaaT2PAjNZ5NTrXiH+5w0yDO/8XMRphjxmq0NhJgkmpKiBjITiDOXcEMqUMFkJm1BFGZqyaqYEd/3Lm6TbbLhOw328qbeaZR1VuIBLuAYXbqEFD9CGDjCYwTO8wpuVWy/Wu/WxGq1Y5c45/IH1+QMgQpPq</latexit><latexit sha1_base64="GmEibgHXXNR369tm4klVmC2s5dk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0GXBjcsK9gFNKJPppB06eTBzUyihf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTpFJodJxvq7K1vbO7V92vHRweHZ/Yp2ddnWSK8Q5LZKL6AdVciph3UKDk/VRxGgWS94LpfeH3ZlxpkcRPOE+5H9FxLELBKBppaNteRHEShLk3oZj3F4uhXXcazhJkk7glqUOJ9tD+8kYJyyIeI5NU64HrpOjnVKFgki9qXqZ5StmUjvnA0JhGXPv5MvmCXBllRMJEmRcjWaq/N3IaaT2PAjNZ5NTrXiH+5w0yDO/8XMRphjxmq0NhJgkmpKiBjITiDOXcEMqUMFkJm1BFGZqyaqYEd/3Lm6TbbLhOw328qbeaZR1VuIBLuAYXbqEFD9CGDjCYwTO8wpuVWy/Wu/WxGq1Y5c45/IH1+QMgQpPq</latexit>

Â
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Z. Meng, S. Liang, H. Bao, X. Zhang. “Co-Embedding Attributed Networks”. WSDM 2019
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The Task

Input: A stream of tweets generated across the time

Output: A set of keywords to profile the user at different point in time

Tweets over timeTwitter Users

Given a user at time t

Sport

Food

Vacation?
Holiday?

At time t+1



Dynamic User and Word Embedding 
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S. Liang, X. Zhang, Z. Ren, E. Kanoulas. Dynamic Embeddings for User Profiling in Twitter. KDD 2018
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DUWE model inference
• Apply the skip-gram filtering for the inference (Bamler et al. 2017) and 

the variational inference algorithm to obtain the embeddings
• Posterior distribution over  and       conditional on the statistics 

information          and         as follows:

where  we have:

skip-gram model for words skip-gram model for 
user and words 

model transition for users model transition for words

positive and negative indicator 
matrices for all word-to-word pairs 

positive and negative indicator 
matrices for all user-to-word pairs 



An Example User’s Dynamic Profiling Results 
over Time

22

Top-6 keywords of an example user’s dynamic profile, whose 
interests cover a number of aspects and dramatically change over 
time, from Sport, fitness, kitchen, exercise, to education.
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DeepWalk and its extensions

B. Perozzi, R. Al-Rfou, and S. Skiena. 2014. Deepwalk: Online learning of social representations. KDD, 701–710.

v1

v2

v3 v4

v6

v5

v4 v3 v1 v5 v6

Random walk One example RW path SkipGram with 
Hierarchical softmax

Hierarchical 
softmax



Agent of label 1

Agent of label 0

Walking with reinforcement?
• Task: walking to classify nodes
• Solution: learn node embedding in semi-supervised way

with reinforcement (earning rewards to classify correctly)

• Starting from the yellow node, with labels {0, 1, 2, 3} 
• Agent of label 0 visited a number of nodes with label

0 (blue trajectory)
• Agent of label 1 visited a number of nodes with label

1 (black trajectory)
• NOTE: Agents do not know labels when walking.
• Determine where to go by knowing what has been

visited (content of previously visited nodes)



Our proposed Multi-Label-Graph-Walk (MLGW) approach 
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U Akujuobi, Y Han, Q Zhang, X Zhang. Collaborative Graph Walk for Semi-supervised Multi-Label Node Classification. ICDM 2019



Evaluation Results
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ActiveHNE: active heterogeneous network
embedding

• Semi-supervised has promoted the learned embedding for multi-
label classification, in homogenous network.

• Heterogenous network? However
• Labels are difficult to obtain à

Active Learning, iteratively query the most valuable batch of 
nodes to label and add for training

• Nodes are in different types à
Decompose the original HIN into

homogeneous networks + bipartite networks 

X Chen, G Yu, J Wang, C Domeniconi, Z Li, X Zhang. ActiveHNE: Active Heterogeneous Network Embedding
IJCAI 2019
Tuesday Aug 13, 10:50 - 12:20ML|AL - Active Learning 1



ActiveHNE architecture
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Active Query in Heterogenous Network

• Network Centrality, e.g., Degree Centrality

• Convolutional Information Entropy (node representation

• Convolutional Information Density (measuring the node
representativeness)

Three active selection strategies based on uncertainty and representation:

uncertainty)

importance of a node 

Which one or which
ones to choose？



Selecting candidate nodes
• Multi-armed bandit machine: Choose one or several

arms to maximize the cumulative reward 
• View each selection strategy as an arm, and 

approximate the importance of each strategy by 
estimating the expected reward (i.e., utility) of the 
corresponding arm

• The empirical reward of arm λ in iteration r is estimated as

where

is the local embedding changes caused by arm λ in iteration r.

• Finally, select



Results, Active HNE vs baselines
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MovieLens dataset: 9.7K movies, 12K writers, 
4.9K directors, 0.6K users, and 1.5K tags, with 
a total of 140K links 

Cora with 25K authors, 19K papers, and 12K 
terms, with 146K links 
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Challenges and future directions

• Incompleteness and noise in graph

• Scalability on big graphs

• Attacks and Robustness of graph embedding

• Other applications, in biology, chemistry, etc

More of our network embedding and network mining work can be found at
https://mine.kaust.edu.sa/Pages/Category_Network.aspx

https://mine.kaust.edu.sa/Pages/Category_Network.aspx


Our other papers at IJCAI 2019

1. ActiveHNE: Active Heterogeneous Network Embedding
Xia Chen, Guoxian Yu, Jun Wang, Carlotta Domeniconi, Zhao Li, 
Xiangliang Zhang
Presentation: Tuesday Aug 13, 10:50 - 12:20ML|AL - Active Learning 1

2. Improving Cross-lingual Entity Alignment via Optimal Transport
Shichao Pei, Lu Yu, Xiangliang Zhang
Presentation: Tuesday Aug 13 16:30 - 18:00ML|DM - Data Mining 3

3. Multi-View Multiple Clustering
Shixin Yao, Guoxian Yu, Jun Wang, Carlotta Domeniconi, Xiangliang 
Zhang
Presentation: Friday Aug 16 09:30 - 10:30ML|C2 - Clustering
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