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What is Feature Embedding

Ø Goal: Learn a low-dimensional vector representation for
each instance, such that all original information is preserved.

Ø The learned vector representations could be directly applied
to and benefit real-world applications.
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• Syntactic Analysis
• Action Recognition
• Anomaly Detection
•		⋯

Original Feature ApplicationsEmbedding
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Multiple Types of Correlated Features are Available

Ø Amazon products: product info, customer reviews, etc.
• Network 1: customer purchase records
• Network 2: customer viewing history

Ø Real-world instances often contain multiple types of correlated 
features or even data of a distinct modality such networks.
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Example of Multiple Types of Features

Ø Twitter users: attributes in introduction, words in tweets,
content in photos, etc.
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Joint Learning Benefits Embedding

Ø Multiview learning & Attributed network embedding:
It is promising to perform feature embedding based on 
features collected from multiple aspects.

Ø Inherently Correlated:
• Posts reflect status
• Social status impact words
• Friends tend to share posts

with similar topics
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Challenges

Ø Ever-growing data volume along with the complex data 
properties put demands on the scalability of algorithms.

Ø Real-world features are often heterogeneous sources or even
within a different modality such as networks.

• Number of tweets posted by
European Parliament per day

• Dotted line: European Parliament
elections
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Latent Space

𝐇Feature
Matrices

Large-scale Heterogeneous Feature Embedding

Ø Input: A large number of instances, associated with a set of
instance feature matrices and an instance relation network.

Ø Output: A low-dimensional representation 𝐡; for each instance.

Ø Goal: All meaningful information are well preserved in 𝐇.
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X(2)
<latexit sha1_base64="YgeHc7J8H1bWmJXpb+xKm6rynK4=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBHqpewWQY9FLx4r2A9o15JNs21oNrsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5fiy4No7zjdbWNza3tgs7xd29/YPD0tFxS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++HbmtydMaR7JBzONmReSoeQBp8RYyUt7foA72WNaqV1k/VLZqTpz4FXi5qQMORr90ldvENEkZNJQQbTuuk5svJQow6lgWbGXaBYTOiZD1rVUkpBpL50fneFzqwxwEClb0uC5+nsiJaHW09C3nSExI73szcT/vG5igmsv5TJODJN0sShIBDYRniWAB1wxasTUEkIVt7diOiKKUGNzKtoQ3OWXV0mrVnWdqnt/Wa7f5HEU4BTOoAIuXEEd7qABTaDwBM/wCm9ogl7QO/pYtK6hfOYE/gB9/gC9eJFp</latexit><latexit sha1_base64="YgeHc7J8H1bWmJXpb+xKm6rynK4=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBHqpewWQY9FLx4r2A9o15JNs21oNrsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5fiy4No7zjdbWNza3tgs7xd29/YPD0tFxS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++HbmtydMaR7JBzONmReSoeQBp8RYyUt7foA72WNaqV1k/VLZqTpz4FXi5qQMORr90ldvENEkZNJQQbTuuk5svJQow6lgWbGXaBYTOiZD1rVUkpBpL50fneFzqwxwEClb0uC5+nsiJaHW09C3nSExI73szcT/vG5igmsv5TJODJN0sShIBDYRniWAB1wxasTUEkIVt7diOiKKUGNzKtoQ3OWXV0mrVnWdqnt/Wa7f5HEU4BTOoAIuXEEd7qABTaDwBM/wCm9ogl7QO/pYtK6hfOYE/gB9/gC9eJFp</latexit><latexit sha1_base64="YgeHc7J8H1bWmJXpb+xKm6rynK4=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBHqpewWQY9FLx4r2A9o15JNs21oNrsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5fiy4No7zjdbWNza3tgs7xd29/YPD0tFxS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++HbmtydMaR7JBzONmReSoeQBp8RYyUt7foA72WNaqV1k/VLZqTpz4FXi5qQMORr90ldvENEkZNJQQbTuuk5svJQow6lgWbGXaBYTOiZD1rVUkpBpL50fneFzqwxwEClb0uC5+nsiJaHW09C3nSExI73szcT/vG5igmsv5TJODJN0sShIBDYRniWAB1wxasTUEkIVt7diOiKKUGNzKtoQ3OWXV0mrVnWdqnt/Wa7f5HEU4BTOoAIuXEEd7qABTaDwBM/wCm9ogl7QO/pYtK6hfOYE/gB9/gC9eJFp</latexit><latexit sha1_base64="YgeHc7J8H1bWmJXpb+xKm6rynK4=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBHqpewWQY9FLx4r2A9o15JNs21oNrsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5fiy4No7zjdbWNza3tgs7xd29/YPD0tFxS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++HbmtydMaR7JBzONmReSoeQBp8RYyUt7foA72WNaqV1k/VLZqTpz4FXi5qQMORr90ldvENEkZNJQQbTuuk5svJQow6lgWbGXaBYTOiZD1rVUkpBpL50fneFzqwxwEClb0uC5+nsiJaHW09C3nSExI73szcT/vG5igmsv5TJODJN0sShIBDYRniWAB1wxasTUEkIVt7diOiKKUGNzKtoQ3OWXV0mrVnWdqnt/Wa7f5HEU4BTOoAIuXEEd7qABTaDwBM/wCm9ogl7QO/pYtK6hfOYE/gB9/gC9eJFp</latexit>

X(3)
<latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="P4kPnJPRsuvXJlFNZn/WMA3RfCM=">AAAB6XicbZBLSwMxFIXv1FetVatbN8Ei1E2Z0YUuBTcuK9gHtGPJpHfa0ExmmmQKZZjf4caFIv4hd/4b08dCWw8EPs5JuDcnSATXxnW/ncLW9s7uXnG/dFA+PDqunJRbOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfz/P2FJXmsXwyswT9iA4lDzmjxlp+1gtC0smfs9r1Zd6vVN26uxDZBG8FVVip0a989QYxSyOUhgmqdddzE+NnVBnOBOalXqoxoWxMh9i1KGmE2s8WS+fkwjoDEsbKHmnIwv39IqOR1rMosDcjakZ6PZub/2Xd1IS3fsZlkhqUbDkoTAUxMZk3QAZcITNiZoEyxe2uhI2ooszYnkq2BG/9y5vQuqp7bt17dKEIZ3AONfDgBu7gARrQBAYTeIE3eHemzqvzsayr4Kx6O4U/cj5/AHvGkAs=</latexit><latexit sha1_base64="P4kPnJPRsuvXJlFNZn/WMA3RfCM=">AAAB6XicbZBLSwMxFIXv1FetVatbN8Ei1E2Z0YUuBTcuK9gHtGPJpHfa0ExmmmQKZZjf4caFIv4hd/4b08dCWw8EPs5JuDcnSATXxnW/ncLW9s7uXnG/dFA+PDqunJRbOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfz/P2FJXmsXwyswT9iA4lDzmjxlp+1gtC0smfs9r1Zd6vVN26uxDZBG8FVVip0a989QYxSyOUhgmqdddzE+NnVBnOBOalXqoxoWxMh9i1KGmE2s8WS+fkwjoDEsbKHmnIwv39IqOR1rMosDcjakZ6PZub/2Xd1IS3fsZlkhqUbDkoTAUxMZk3QAZcITNiZoEyxe2uhI2ooszYnkq2BG/9y5vQuqp7bt17dKEIZ3AONfDgBu7gARrQBAYTeIE3eHemzqvzsayr4Kx6O4U/cj5/AHvGkAs=</latexit><latexit sha1_base64="IqL7cr/cDP/LDUYXDwFM7hGj1Ao=">AAAB9HicbVA9T8MwED2Xr1K+CowsFhVSWaoEBhgrWBiLRD+kNlSO67RWHSfYTqUqyu9gYQAhVn4MG/8Gt80ALU866em9O93d82PBtXGcb1RYW9/Y3Cpul3Z29/YPyodHLR0lirImjUSkOj7RTHDJmoYbwTqxYiT0BWv749uZ354wpXkkH8w0Zl5IhpIHnBJjJS/t+QHuZI9p9fI865crTs2ZA68SNycVyNHol796g4gmIZOGCqJ113Vi46VEGU4Fy0q9RLOY0DEZsq6lkoRMe+n86AyfWWWAg0jZkgbP1d8TKQm1noa+7QyJGellbyb+53UTE1x7KZdxYpiki0VBIrCJ8CwBPOCKUSOmlhCquL0V0xFRhBqbU8mG4C6/vEpaFzXXqbn3TqV+k8dRhBM4hSq4cAV1uIMGNIHCEzzDK7yhCXpB7+hj0VpA+cwx/AH6/AG9vpFm</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit>

Type 1
Features

Type 2
Features
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Proposed Framework FeatWalk

Ø Goal: Incorporate multiple types of high-dimensional feature
matrices & networks into unified vector representations.

Ø Key Ideas:
• Avoid computing similarity measure
• Alternative way to simulate the similarity-based random 

walks among instances to sample the local instance proximity.

4

1
2
3

6
5

!"!#!$…… !%

4

1 2

36

5

1

Walk Through Features:

!"!#!$…… !%

1 !$ 6

!$

4

1
2
3

6
5

Homogeneous
Source :

Feature
Walks

……
1 6 4 2 5
1 2 6 3 2

5 1 3 4 6
5 6 1 3 2……

Random Walks

&'"$

1

4

2

3 1 2 …

Intuitive Solution

4

1 2

36

5

Similarity
Matrix

Random
Walks

Proposed Equivalent Distributed Algorithm

1 6 …

1 2 …
X(i)

<latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit>

Q(i)
<latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit>

If is
a Network

No

Yes

Network

X(i)
<latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit>

Details

Scalable Word
Embedding
Technique to
Learn Final

All Sets
{Q(i)}

<latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit>

H
<latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit><latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit><latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit><latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit>



Learn Instance Proximities to Handle Heterogeneity

Ø Instance proximity: Similarities between instances defined by the 
features of instances, i.e., rows of each       .

Ø Though ,       , and are heterogenous, the instance 
proximities learned from them are homogeneous.

Ø FeatWalk projects each instance proximity into a sequence of
instance indices , and learns 𝐇 from . 9
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<latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit>

Q(i)
<latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit>
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X(i)
<latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit>
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{Q(i)}

<latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit>

H
<latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit><latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit><latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit><latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit>

X(i)
<latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit>

X(1)
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<latexit sha1_base64="YgeHc7J8H1bWmJXpb+xKm6rynK4=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBHqpewWQY9FLx4r2A9o15JNs21oNrsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5fiy4No7zjdbWNza3tgs7xd29/YPD0tFxS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++HbmtydMaR7JBzONmReSoeQBp8RYyUt7foA72WNaqV1k/VLZqTpz4FXi5qQMORr90ldvENEkZNJQQbTuuk5svJQow6lgWbGXaBYTOiZD1rVUkpBpL50fneFzqwxwEClb0uC5+nsiJaHW09C3nSExI73szcT/vG5igmsv5TJODJN0sShIBDYRniWAB1wxasTUEkIVt7diOiKKUGNzKtoQ3OWXV0mrVnWdqnt/Wa7f5HEU4BTOoAIuXEEd7qABTaDwBM/wCm9ogl7QO/pYtK6hfOYE/gB9/gC9eJFp</latexit><latexit sha1_base64="YgeHc7J8H1bWmJXpb+xKm6rynK4=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBHqpewWQY9FLx4r2A9o15JNs21oNrsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5fiy4No7zjdbWNza3tgs7xd29/YPD0tFxS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++HbmtydMaR7JBzONmReSoeQBp8RYyUt7foA72WNaqV1k/VLZqTpz4FXi5qQMORr90ldvENEkZNJQQbTuuk5svJQow6lgWbGXaBYTOiZD1rVUkpBpL50fneFzqwxwEClb0uC5+nsiJaHW09C3nSExI73szcT/vG5igmsv5TJODJN0sShIBDYRniWAB1wxasTUEkIVt7diOiKKUGNzKtoQ3OWXV0mrVnWdqnt/Wa7f5HEU4BTOoAIuXEEd7qABTaDwBM/wCm9ogl7QO/pYtK6hfOYE/gB9/gC9eJFp</latexit><latexit sha1_base64="YgeHc7J8H1bWmJXpb+xKm6rynK4=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBHqpewWQY9FLx4r2A9o15JNs21oNrsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5fiy4No7zjdbWNza3tgs7xd29/YPD0tFxS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++HbmtydMaR7JBzONmReSoeQBp8RYyUt7foA72WNaqV1k/VLZqTpz4FXi5qQMORr90ldvENEkZNJQQbTuuk5svJQow6lgWbGXaBYTOiZD1rVUkpBpL50fneFzqwxwEClb0uC5+nsiJaHW09C3nSExI73szcT/vG5igmsv5TJODJN0sShIBDYRniWAB1wxasTUEkIVt7diOiKKUGNzKtoQ3OWXV0mrVnWdqnt/Wa7f5HEU4BTOoAIuXEEd7qABTaDwBM/wCm9ogl7QO/pYtK6hfOYE/gB9/gC9eJFp</latexit><latexit sha1_base64="YgeHc7J8H1bWmJXpb+xKm6rynK4=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBHqpewWQY9FLx4r2A9o15JNs21oNrsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5fiy4No7zjdbWNza3tgs7xd29/YPD0tFxS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr++HbmtydMaR7JBzONmReSoeQBp8RYyUt7foA72WNaqV1k/VLZqTpz4FXi5qQMORr90ldvENEkZNJQQbTuuk5svJQow6lgWbGXaBYTOiZD1rVUkpBpL50fneFzqwxwEClb0uC5+nsiJaHW09C3nSExI73szcT/vG5igmsv5TJODJN0sShIBDYRniWAB1wxasTUEkIVt7diOiKKUGNzKtoQ3OWXV0mrVnWdqnt/Wa7f5HEU4BTOoAIuXEEd7qABTaDwBM/wCm9ogl7QO/pYtK6hfOYE/gB9/gC9eJFp</latexit>

X(3)
<latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="P4kPnJPRsuvXJlFNZn/WMA3RfCM=">AAAB6XicbZBLSwMxFIXv1FetVatbN8Ei1E2Z0YUuBTcuK9gHtGPJpHfa0ExmmmQKZZjf4caFIv4hd/4b08dCWw8EPs5JuDcnSATXxnW/ncLW9s7uXnG/dFA+PDqunJRbOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfz/P2FJXmsXwyswT9iA4lDzmjxlp+1gtC0smfs9r1Zd6vVN26uxDZBG8FVVip0a989QYxSyOUhgmqdddzE+NnVBnOBOalXqoxoWxMh9i1KGmE2s8WS+fkwjoDEsbKHmnIwv39IqOR1rMosDcjakZ6PZub/2Xd1IS3fsZlkhqUbDkoTAUxMZk3QAZcITNiZoEyxe2uhI2ooszYnkq2BG/9y5vQuqp7bt17dKEIZ3AONfDgBu7gARrQBAYTeIE3eHemzqvzsayr4Kx6O4U/cj5/AHvGkAs=</latexit><latexit sha1_base64="P4kPnJPRsuvXJlFNZn/WMA3RfCM=">AAAB6XicbZBLSwMxFIXv1FetVatbN8Ei1E2Z0YUuBTcuK9gHtGPJpHfa0ExmmmQKZZjf4caFIv4hd/4b08dCWw8EPs5JuDcnSATXxnW/ncLW9s7uXnG/dFA+PDqunJRbOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfz/P2FJXmsXwyswT9iA4lDzmjxlp+1gtC0smfs9r1Zd6vVN26uxDZBG8FVVip0a989QYxSyOUhgmqdddzE+NnVBnOBOalXqoxoWxMh9i1KGmE2s8WS+fkwjoDEsbKHmnIwv39IqOR1rMosDcjakZ6PZub/2Xd1IS3fsZlkhqUbDkoTAUxMZk3QAZcITNiZoEyxe2uhI2ooszYnkq2BG/9y5vQuqp7bt17dKEIZ3AONfDgBu7gARrQBAYTeIE3eHemzqvzsayr4Kx6O4U/cj5/AHvGkAs=</latexit><latexit sha1_base64="IqL7cr/cDP/LDUYXDwFM7hGj1Ao=">AAAB9HicbVA9T8MwED2Xr1K+CowsFhVSWaoEBhgrWBiLRD+kNlSO67RWHSfYTqUqyu9gYQAhVn4MG/8Gt80ALU866em9O93d82PBtXGcb1RYW9/Y3Cpul3Z29/YPyodHLR0lirImjUSkOj7RTHDJmoYbwTqxYiT0BWv749uZ354wpXkkH8w0Zl5IhpIHnBJjJS/t+QHuZI9p9fI865crTs2ZA68SNycVyNHol796g4gmIZOGCqJ113Vi46VEGU4Fy0q9RLOY0DEZsq6lkoRMe+n86AyfWWWAg0jZkgbP1d8TKQm1noa+7QyJGellbyb+53UTE1x7KZdxYpiki0VBIrCJ8CwBPOCKUSOmlhCquL0V0xFRhBqbU8mG4C6/vEpaFzXXqbn3TqV+k8dRhBM4hSq4cAV1uIMGNIHCEzzDK7yhCXpB7+hj0VpA+cwx/AH6/AG9vpFm</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit><latexit sha1_base64="SXZqt1R3IqivkMgt8o1+GqCljmE=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9lVQY9FLx4r2A9o15JNs21oNlmTbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU8tEEdogkkvVDrCmnAnaMMxw2o4VxVHAaSsY3U791pgqzaR4MJOY+hEeCBYygo2V/LQbhKidPaaVi7OsVyq7VXcGtEy8nJQhR71X+ur2JUkiKgzhWOuO58bGT7EyjHCaFbuJpjEmIzygHUsFjqj209nRGTq1Sh+FUtkSBs3U3xMpjrSeRIHtjLAZ6kVvKv7ndRITXvspE3FiqCDzRWHCkZFomgDqM0WJ4RNLMFHM3orIECtMjM2paEPwFl9eJs3zqudWvfvLcu0mj6MAx3ACFfDgCmpwB3VoAIEneIZXeHPGzovz7nzMW1ecfOYI/sD5/AG+/pFq</latexit>

Q(i)
<latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit>

{Q(i)}
<latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit>
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Intuitive Solution

Ø To learn , intuitive solution is to compute instance similarity
matrix 𝐒 based on , and perform random walks on 𝐒.
• Random Walks: In , a sequence of instance indices,

probability of 𝑖 follows 𝑗 approaches their similarity in 𝐒.

Ø Expensive: 𝐒 is dense with n	×	𝑛 dimensions.

1

Walk Through Features:

!"!#!$…… !%

1 !$ 6
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4

1
2
3
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5

Intuitive Solution

4

1 2

36
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Proposed Equivalent Distributed Algorithm

1 6 …

1 2 …

Q(i)
<latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit>

X(i)
<latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit>

……
1 6 4 2 5
1 2 6 3 2

5 1 3 4 6
5 6 1 3 2……

Q(i)
<latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit>
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Equivalent to Similarity-based Random Walks

Ø FeatWalk has same results as the intuitive solution but avoid
the computation of instance similarities 𝐒.

Ø Theorem 1. Probability of walking from 𝑖 to 𝑗 via FeatWalk is
equal to the one via random walks on 𝐒, where

Ø 𝐘 is the feature matrix after two special normalizations.

1

Walk Through Features:

!"!#!$…… !%

1 !$ 6

!$

4

1
2
3

6
5

Proposed Equivalent Distributed Algorithm

1 6 … ……
1 6 4 2 5
1 2 6 3 2

5 1 3 4 6
5 6 1 3 2……

S = YDYT.
<latexit sha1_base64="bT5WO5eY0h8YOufMJkiOrO+WNLA=">AAACIHicbZDLSsNAFIYnXmu9RV26CRbBVUhEqBuhqAuXFXuTNpbJdNIOnZmEmYlQQh7Fja/ixoUiutOncZqmqK0/DHz85xzmnN+PKJHKcT6NhcWl5ZXVwlpxfWNza9vc2W3IMBYI11FIQ9HyocSUcFxXRFHcigSGzKe46Q8vxvXmPRaShLymRhH2GOxzEhAElba6ZrnDoBr4QXKTnk3xNp3SZfrj3SUZC5bU0tTumiXHdjJZ8+DmUAK5ql3zo9MLUcwwV4hCKduuEykvgUIRRHFa7MQSRxANYR+3NXLIsPSS7MDUOtROzwpCoR9XVub+nkggk3LEfN053lHO1sbmf7V2rIJTLyE8ihXmaPJREFNLhdY4LatHBEaKjjRAJIje1UIDKCBSOtOiDsGdPXkeGse269ju9Umpcp7HUQD74AAcAReUQQVcgSqoAwQewBN4Aa/Go/FsvBnvk9YFI5/ZA39kfH0DsC+lJA==</latexit><latexit sha1_base64="bT5WO5eY0h8YOufMJkiOrO+WNLA=">AAACIHicbZDLSsNAFIYnXmu9RV26CRbBVUhEqBuhqAuXFXuTNpbJdNIOnZmEmYlQQh7Fja/ixoUiutOncZqmqK0/DHz85xzmnN+PKJHKcT6NhcWl5ZXVwlpxfWNza9vc2W3IMBYI11FIQ9HyocSUcFxXRFHcigSGzKe46Q8vxvXmPRaShLymRhH2GOxzEhAElba6ZrnDoBr4QXKTnk3xNp3SZfrj3SUZC5bU0tTumiXHdjJZ8+DmUAK5ql3zo9MLUcwwV4hCKduuEykvgUIRRHFa7MQSRxANYR+3NXLIsPSS7MDUOtROzwpCoR9XVub+nkggk3LEfN053lHO1sbmf7V2rIJTLyE8ihXmaPJREFNLhdY4LatHBEaKjjRAJIje1UIDKCBSOtOiDsGdPXkeGse269ju9Umpcp7HUQD74AAcAReUQQVcgSqoAwQewBN4Aa/Go/FsvBnvk9YFI5/ZA39kfH0DsC+lJA==</latexit><latexit sha1_base64="bT5WO5eY0h8YOufMJkiOrO+WNLA=">AAACIHicbZDLSsNAFIYnXmu9RV26CRbBVUhEqBuhqAuXFXuTNpbJdNIOnZmEmYlQQh7Fja/ixoUiutOncZqmqK0/DHz85xzmnN+PKJHKcT6NhcWl5ZXVwlpxfWNza9vc2W3IMBYI11FIQ9HyocSUcFxXRFHcigSGzKe46Q8vxvXmPRaShLymRhH2GOxzEhAElba6ZrnDoBr4QXKTnk3xNp3SZfrj3SUZC5bU0tTumiXHdjJZ8+DmUAK5ql3zo9MLUcwwV4hCKduuEykvgUIRRHFa7MQSRxANYR+3NXLIsPSS7MDUOtROzwpCoR9XVub+nkggk3LEfN053lHO1sbmf7V2rIJTLyE8ihXmaPJREFNLhdY4LatHBEaKjjRAJIje1UIDKCBSOtOiDsGdPXkeGse269ju9Umpcp7HUQD74AAcAReUQQVcgSqoAwQewBN4Aa/Go/FsvBnvk9YFI5/ZA39kfH0DsC+lJA==</latexit><latexit sha1_base64="bT5WO5eY0h8YOufMJkiOrO+WNLA=">AAACIHicbZDLSsNAFIYnXmu9RV26CRbBVUhEqBuhqAuXFXuTNpbJdNIOnZmEmYlQQh7Fja/ixoUiutOncZqmqK0/DHz85xzmnN+PKJHKcT6NhcWl5ZXVwlpxfWNza9vc2W3IMBYI11FIQ9HyocSUcFxXRFHcigSGzKe46Q8vxvXmPRaShLymRhH2GOxzEhAElba6ZrnDoBr4QXKTnk3xNp3SZfrj3SUZC5bU0tTumiXHdjJZ8+DmUAK5ql3zo9MLUcwwV4hCKduuEykvgUIRRHFa7MQSRxANYR+3NXLIsPSS7MDUOtROzwpCoR9XVub+nkggk3LEfN053lHO1sbmf7V2rIJTLyE8ihXmaPJREFNLhdY4LatHBEaKjjRAJIje1UIDKCBSOtOiDsGdPXkeGse269ju9Umpcp7HUQD74AAcAReUQQVcgSqoAwQewBN4Aa/Go/FsvBnvk9YFI5/ZA39kfH0DsC+lJA==</latexit>
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1

Walk Through Features:

!"!#!$…… !%

1 !$ 6

!$

4

1
2
3

6
5

Proposed Equivalent Distributed Algorithm

1 6 …

FeatWalk Walks via Features

I. Given the initial , we walk to the 𝑚GH attribute category
with probability

II. Focus on the 𝑚GH attribute category and walk from 𝑎= to
with probability

Ø are normalized instance features.

i

P (i ! am) =
x̂imPM
p=1 x̂ip

.
<latexit sha1_base64="+6LobuTjNLAL0MYM2+tj7m4Tu+k="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PJduuPHhWk8YpRYiNGZP7OOg++4=">AAACHHicbZDNSgMxFIXv1L9aq45u3QRF0E2ZcaObiuDGjVDBqtCpQybNtKHJzJBkxBLyNm58FTeCiujbmNaCvwcCh3MSbu6XFJwpHQTvXmVmdm5+obpYW6ovr6z6a/ULlZeS0DbJeS6vEqwoZxlta6Y5vSokxSLh9DIZHo/7yxsqFcuzcz0qaFfgfsZSRrB2UewftnZYpHOEY7GLmihKJSYmGmBtbm1smLDWRKoUsSmaob02p/arK6xtxP5W0AgmQn9NODVbMFUr9p+iXk5KQTNNOFaqEwaF7hosNSOc2lpUKlpgMsR92nE2w4KqrpnsadG2S3oozaU7mUaT9PsLg4VSI5G4mwLrgfrdjcP/uk6p04OuYVlRapqRz0FpyZEDM4aGekxSovnIGUwkc39FZIAdKu3Q1hyE8PfKf83FXiMMGuFZAFXYgE3YgRD24QhOoAVtIHAHD/AML9699+i9fuKqeFNu6/BD3tsHqyilpg==</latexit><latexit sha1_base64="PJduuPHhWk8YpRYiNGZP7OOg++4=">AAACHHicbZDNSgMxFIXv1L9aq45u3QRF0E2ZcaObiuDGjVDBqtCpQybNtKHJzJBkxBLyNm58FTeCiujbmNaCvwcCh3MSbu6XFJwpHQTvXmVmdm5+obpYW6ovr6z6a/ULlZeS0DbJeS6vEqwoZxlta6Y5vSokxSLh9DIZHo/7yxsqFcuzcz0qaFfgfsZSRrB2UewftnZYpHOEY7GLmihKJSYmGmBtbm1smLDWRKoUsSmaob02p/arK6xtxP5W0AgmQn9NODVbMFUr9p+iXk5KQTNNOFaqEwaF7hosNSOc2lpUKlpgMsR92nE2w4KqrpnsadG2S3oozaU7mUaT9PsLg4VSI5G4mwLrgfrdjcP/uk6p04OuYVlRapqRz0FpyZEDM4aGekxSovnIGUwkc39FZIAdKu3Q1hyE8PfKf83FXiMMGuFZAFXYgE3YgRD24QhOoAVtIHAHD/AML9699+i9fuKqeFNu6/BD3tsHqyilpg==</latexit><latexit sha1_base64="sgTeCMrczhymmwUxfu/yKon+rbQ="></latexit><latexit sha1_base64="sgTeCMrczhymmwUxfu/yKon+rbQ="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="PJduuPHhWk8YpRYiNGZP7OOg++4=">AAACHHicbZDNSgMxFIXv1L9aq45u3QRF0E2ZcaObiuDGjVDBqtCpQybNtKHJzJBkxBLyNm58FTeCiujbmNaCvwcCh3MSbu6XFJwpHQTvXmVmdm5+obpYW6ovr6z6a/ULlZeS0DbJeS6vEqwoZxlta6Y5vSokxSLh9DIZHo/7yxsqFcuzcz0qaFfgfsZSRrB2UewftnZYpHOEY7GLmihKJSYmGmBtbm1smLDWRKoUsSmaob02p/arK6xtxP5W0AgmQn9NODVbMFUr9p+iXk5KQTNNOFaqEwaF7hosNSOc2lpUKlpgMsR92nE2w4KqrpnsadG2S3oozaU7mUaT9PsLg4VSI5G4mwLrgfrdjcP/uk6p04OuYVlRapqRz0FpyZEDM4aGekxSovnIGUwkc39FZIAdKu3Q1hyE8PfKf83FXiMMGuFZAFXYgE3YgRD24QhOoAVtIHAHD/AML9699+i9fuKqeFNu6/BD3tsHqyilpg==</latexit><latexit sha1_base64="PJduuPHhWk8YpRYiNGZP7OOg++4=">AAACHHicbZDNSgMxFIXv1L9aq45u3QRF0E2ZcaObiuDGjVDBqtCpQybNtKHJzJBkxBLyNm58FTeCiujbmNaCvwcCh3MSbu6XFJwpHQTvXmVmdm5+obpYW6ovr6z6a/ULlZeS0DbJeS6vEqwoZxlta6Y5vSokxSLh9DIZHo/7yxsqFcuzcz0qaFfgfsZSRrB2UewftnZYpHOEY7GLmihKJSYmGmBtbm1smLDWRKoUsSmaob02p/arK6xtxP5W0AgmQn9NODVbMFUr9p+iXk5KQTNNOFaqEwaF7hosNSOc2lpUKlpgMsR92nE2w4KqrpnsadG2S3oozaU7mUaT9PsLg4VSI5G4mwLrgfrdjcP/uk6p04OuYVlRapqRz0FpyZEDM4aGekxSovnIGUwkc39FZIAdKu3Q1hyE8PfKf83FXiMMGuFZAFXYgE3YgRD24QhOoAVtIHAHD/AML9699+i9fuKqeFNu6/BD3tsHqyilpg==</latexit><latexit sha1_base64="sgTeCMrczhymmwUxfu/yKon+rbQ="></latexit><latexit sha1_base64="sgTeCMrczhymmwUxfu/yKon+rbQ="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="lDxvnmOPRDz5jjG+4qoiPxl/MYQ="></latexit><latexit sha1_base64="sgTeCMrczhymmwUxfu/yKon+rbQ="></latexit>

j

P (am ! j) =
yjmPN

n=1 ynm
.

<latexit sha1_base64="LF3iBo9lo5v2SNVMnUmbWfs/tJc="></latexit><latexit sha1_base64="4lBgEoTPTcSN3zQXIJadRIY/iGE="></latexit><latexit sha1_base64="4lBgEoTPTcSN3zQXIJadRIY/iGE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ChzQzoofriNJWqW7VP59xJTXeKM=">AAACEXicbZDNSgMxFIXv+G+tWt26CRahbsqMLnQjCG5cSQXbCp06ZNJMG00yQ5IRSpgHceOruHGhiBt3vo3pz0JbDwQO5yTc3C/OONPG97+9hcWl5ZXVtfXSRnlza7uyU27pNFeENknKU3UbY005k7RpmOH0NlMUi5jTdvxwMerbj1RplsobM8xoV+C+ZAkj2Lgoqhw3ajgSKDQpuj9EZyhMFCZ2GNl7URQ21LmIrDwLijt7VbhUurQeVap+3R8LzZtgaqowVSOqfIW9lOSCSkM41roT+JnpWqwMI5wWpTDXNMPkAfdpx1mJBdVdO16uQAcu6aEkVe5Ig8bp7xcWC62HInY3BTYDPduNwv+6Tm6S065lMssNlWQyKMk5cihGpFCPKUoMHzqDiWLur4gMsMNjHM+SgxDMrjxvWkf1wK8H1z6swR7sQw0COIFzuIQGNIHAE7zAG7x7z96r9zHBteBNue3CH3mfP77VoEY=</latexit><latexit sha1_base64="ChzQzoofriNJWqW7VP59xJTXeKM=">AAACEXicbZDNSgMxFIXv+G+tWt26CRahbsqMLnQjCG5cSQXbCp06ZNJMG00yQ5IRSpgHceOruHGhiBt3vo3pz0JbDwQO5yTc3C/OONPG97+9hcWl5ZXVtfXSRnlza7uyU27pNFeENknKU3UbY005k7RpmOH0NlMUi5jTdvxwMerbj1RplsobM8xoV+C+ZAkj2Lgoqhw3ajgSKDQpuj9EZyhMFCZ2GNl7URQ21LmIrDwLijt7VbhUurQeVap+3R8LzZtgaqowVSOqfIW9lOSCSkM41roT+JnpWqwMI5wWpTDXNMPkAfdpx1mJBdVdO16uQAcu6aEkVe5Ig8bp7xcWC62HInY3BTYDPduNwv+6Tm6S065lMssNlWQyKMk5cihGpFCPKUoMHzqDiWLur4gMsMNjHM+SgxDMrjxvWkf1wK8H1z6swR7sQw0COIFzuIQGNIHAE7zAG7x7z96r9zHBteBNue3CH3mfP77VoEY=</latexit><latexit sha1_base64="IEx0+wq5rscutqZvPTe2qvNf6Y8=">AAACHHicbZDLSgMxFIYzXmu9VV26CRahbsqMLuymUHDjSirYC3TqkEkzbdokMyQZoYR5EDe+ihsXirhxIfg2ppeFtv4Q+PnOOZycP0wYVdp1v52V1bX1jc3cVn57Z3dvv3Bw2FRxKjFp4JjFsh0iRRgVpKGpZqSdSIJ4yEgrHF1N6q0HIhWNxZ0eJ6TLUV/QiGKkLQoKF/USCjj0dQyHZ7AK/UgibMaBGfIsM75KeWBE1cvuzU1mqbC0HBSKbtmdCi4bb26KYK56UPj0ezFOOREaM6RUx3MT3TVIaooZyfJ+qkiC8Aj1ScdagThRXTM9LoOnlvRgFEv7hIZT+nvCIK7UmIe2kyM9UIu1Cfyv1kl1VOkaKpJUE4Fni6KUQRvFJCnYo5JgzcbWICyp/SvEA2Tj0TbPvA3BWzx52TTPy55b9m7dYq0yjyMHjsEJKAEPXIIauAZ10AAYPIJn8ArenCfnxXl3PmatK8585gj8kfP1A6rrob8=</latexit><latexit sha1_base64="IEx0+wq5rscutqZvPTe2qvNf6Y8=">AAACHHicbZDLSgMxFIYzXmu9VV26CRahbsqMLuymUHDjSirYC3TqkEkzbdokMyQZoYR5EDe+ihsXirhxIfg2ppeFtv4Q+PnOOZycP0wYVdp1v52V1bX1jc3cVn57Z3dvv3Bw2FRxKjFp4JjFsh0iRRgVpKGpZqSdSIJ4yEgrHF1N6q0HIhWNxZ0eJ6TLUV/QiGKkLQoKF/USCjj0dQyHZ7AK/UgibMaBGfIsM75KeWBE1cvuzU1mqbC0HBSKbtmdCi4bb26KYK56UPj0ezFOOREaM6RUx3MT3TVIaooZyfJ+qkiC8Aj1ScdagThRXTM9LoOnlvRgFEv7hIZT+nvCIK7UmIe2kyM9UIu1Cfyv1kl1VOkaKpJUE4Fni6KUQRvFJCnYo5JgzcbWICyp/SvEA2Tj0TbPvA3BWzx52TTPy55b9m7dYq0yjyMHjsEJKAEPXIIauAZ10AAYPIJn8ArenCfnxXl3PmatK8585gj8kfP1A6rrob8=</latexit><latexit sha1_base64="4lBgEoTPTcSN3zQXIJadRIY/iGE="></latexit><latexit sha1_base64="4lBgEoTPTcSN3zQXIJadRIY/iGE="></latexit><latexit sha1_base64="4lBgEoTPTcSN3zQXIJadRIY/iGE="></latexit><latexit sha1_base64="4lBgEoTPTcSN3zQXIJadRIY/iGE="></latexit><latexit sha1_base64="IEx0+wq5rscutqZvPTe2qvNf6Y8=">AAACHHicbZDLSgMxFIYzXmu9VV26CRahbsqMLuymUHDjSirYC3TqkEkzbdokMyQZoYR5EDe+ihsXirhxIfg2ppeFtv4Q+PnOOZycP0wYVdp1v52V1bX1jc3cVn57Z3dvv3Bw2FRxKjFp4JjFsh0iRRgVpKGpZqSdSIJ4yEgrHF1N6q0HIhWNxZ0eJ6TLUV/QiGKkLQoKF/USCjj0dQyHZ7AK/UgibMaBGfIsM75KeWBE1cvuzU1mqbC0HBSKbtmdCi4bb26KYK56UPj0ezFOOREaM6RUx3MT3TVIaooZyfJ+qkiC8Aj1ScdagThRXTM9LoOnlvRgFEv7hIZT+nvCIK7UmIe2kyM9UIu1Cfyv1kl1VOkaKpJUE4Fni6KUQRvFJCnYo5JgzcbWICyp/SvEA2Tj0TbPvA3BWzx52TTPy55b9m7dYq0yjyMHjsEJKAEPXIIauAZ10AAYPIJn8ArenCfnxXl3PmatK8585gj8kfP1A6rrob8=</latexit>

x̂im and yjm
<latexit sha1_base64="oTow5K2JZ5OblmpDC3mvceJzQRU=">AAACC3icbVC7TsNAEFzzDOFloExzAiFRRTYNKSNoKINEEqQkss7nCzk4n627NYpluafhV2goQIiWH6DjN/gCLgkFr5FWGs3sancnTKUw6Hnvztz8wuLScmWlurq2vrHpbm13TJJpxtsskYm+CKnhUijeRoGSX6Sa0ziUvBten0z87g3XRiTqHPOUD2J6qcRQMIpWCtzd/ohiMS6DQsQl6SMfY0GoikhJSB4UV1YM3D2v7k1B/hL/i+w1ax/HYNEK3Ld+lLAs5gqZpMb0fC/FQUE1CiZ5We1nhqeUXdNL3rNU0ZibQTH9pST7VonIMNG2FJKp+n2ioLExeRzazpjiyPz2JuJ/Xi/DYWNQCJVmyBWbLRpmkmBCJsGQSGjOUOaWUKaFvZWwEdWUoY2vakPwf7/8l3QO675X989sGg2YoQI12IUD8OEImnAKLWgDg1u4h0d4cu6cB+fZeZm1zjlfMzvwA87rJ/k7nGk=</latexit><latexit sha1_base64="e604M4toCfcJqjojLrzV/axt0+k=">AAACC3icbVC7TgJBFJ31BYIP1JJmAjGxIrs2UhJtLDGRRwJkMzsMMDI7u5m5a9hstrfQX7Gx0Bhbf8DO37C2cHgUCp7kJifn3Jt77/FCwTXY9qe1tr6xuZXJbufyO7t7+4WDw6YOIkVZgwYiUG2PaCa4ZA3gIFg7VIz4nmAtb3wx9Vu3TGkeyGuIQ9bzyVDyAacEjOQWSt0RgWSSugn3U9wFNoEEE9nHKcaxm9wY0S2U7Yo9A14lzoKUa8Wv80z+/rvuFj66/YBGPpNABdG649gh9BKigFPB0lw30iwkdEyGrGOoJD7TvWT2S4qPjdLHg0CZkoBn6u+JhPhax75nOn0CI73sTcX/vE4Eg2ov4TKMgEk6XzSIBIYAT4PBfa4YBREbQqji5lZMR0QRCia+nAnBWX55lTRPK45dca5MGlU0RxYVUQmdIAedoRq6RHXUQBTdoUf0jF6sB+vJerXe5q1r1mLmCP2B9f4DHEGeAw==</latexit><latexit sha1_base64="e604M4toCfcJqjojLrzV/axt0+k=">AAACC3icbVC7TgJBFJ31BYIP1JJmAjGxIrs2UhJtLDGRRwJkMzsMMDI7u5m5a9hstrfQX7Gx0Bhbf8DO37C2cHgUCp7kJifn3Jt77/FCwTXY9qe1tr6xuZXJbufyO7t7+4WDw6YOIkVZgwYiUG2PaCa4ZA3gIFg7VIz4nmAtb3wx9Vu3TGkeyGuIQ9bzyVDyAacEjOQWSt0RgWSSugn3U9wFNoEEE9nHKcaxm9wY0S2U7Yo9A14lzoKUa8Wv80z+/rvuFj66/YBGPpNABdG649gh9BKigFPB0lw30iwkdEyGrGOoJD7TvWT2S4qPjdLHg0CZkoBn6u+JhPhax75nOn0CI73sTcX/vE4Eg2ov4TKMgEk6XzSIBIYAT4PBfa4YBREbQqji5lZMR0QRCia+nAnBWX55lTRPK45dca5MGlU0RxYVUQmdIAedoRq6RHXUQBTdoUf0jF6sB+vJerXe5q1r1mLmCP2B9f4DHEGeAw==</latexit><latexit sha1_base64="2T4k2QJAi+pt5DtKGqGDsdE8vAU=">AAACC3icbVC7TsNAEDyHVwivACXNKRESVWTTkDISDWWQyEOKLet8viRHzmfrbo0SWe5p+BUaChCi5Qfo+BsuiQtIGGml0cyudneCRHANtv1tlTY2t7Z3yruVvf2Dw6Pq8UlXx6mirENjEat+QDQTXLIOcBCsnyhGokCwXjC5nvu9B6Y0j+UdzBLmRWQk+ZBTAkbyqzV3TCCb5n7Goxy7wKaQYSJDnGM887N7I/rVut2wF8DrxClIHRVo+9UvN4xpGjEJVBCtB46dgJcRBZwKllfcVLOE0AkZsYGhkkRMe9nilxyfGyXEw1iZkoAX6u+JjERaz6LAdEYExnrVm4v/eYMUhk0v4zJJgUm6XDRMBYYYz4PBIVeMgpgZQqji5lZMx0QRCia+ignBWX15nXQvG47dcG7teqtZxFFGZ6iGLpCDrlAL3aA26iCKHtEzekVv1pP1Yr1bH8vWklXMnKI/sD5/AN1+mto=</latexit>
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Strategies of FeatWalk

Ø FeatWalk projects each instance proximity into a sequence of
instance indices .

Ø Consider instance indices as words and sequences as sentences, 
a scalable word embedding technique is applied to all to 
learn a joint embedding representation 𝐇.

4

1
2
3

6
5

𝑎$𝑎%𝑎&	……	𝑎=	

4

1 2

36

5

Homogeneous
Source :

Feature
Walks

……
1 6 4 2 5
1 2 6 3 2

5 1 3 4 6
5 6 1 3 2……

Random Walks

	>?$&

1

4

2

3 1 2 …X(i)
<latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit>

Q(i)
<latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit>

If is
a Network

No

Yes

Network

X(i)
<latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit>

Details

Scalable Word
Embedding
Technique to
Learn Final

All Sets
{Q(i)}

<latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit>

H
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Experimental Settings

Ø Classification on four real-world datasets.
• Reuters (18,758 documents)
• Flickr (7,564 users)
• ACM (48,579 papers)
• Yelp (249,012 users, 1,779,803 edges, 20,000 feature 

categories, 47,216,356 entities)

Ø Three types of baselines.
• Single feature embedding: NMF, Spectral, and FeatWalk_X
• Network embedding: DeepWalk and LINE
• Heterogeneous feature embedding: LCMF, MultiSpec, and

AANE

Codes and datasets are available at http://people.tamu.edu/~xhuang/Code.html
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Efficiency Evaluation

Ø Running time of FeatWalk is almost linear to 𝑁.

Ø FeatWalk achieves a significant acceleration compared to the
intuitive solution w/o_FW.

Ø FeatWalk has the least running time when 𝑁 is large.
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Effectiveness Evaluation

Ø FeatWalk_X performs better than all single feature embedding
and network embedding baselines.

Ø FeatWalk outperforms the state-of-the-art heterogeneous
feature embedding baselines.

Table 2: Classification performance of FeatWalk and all baselines on Flickr, ACM, and Yelp-sub in terms of micro-average.

Flickr ACM Yelp-sub Yelp

Training 25% 50% 100% 25% 50% 100% 25% 50% 100% 10% 25% 50% 100%

# Instances 3,026 4,538 7,564 19,432 29,147 48,579 19,921 29,881 49,802 69,723 99,605 149,407 249,012

NMF 0.629 0.718 0.773 0.653 0.660 0.664 0.680 0.686 0.688 0.678 0.692 0.694 0.689

Spectral 0.771 0.813 0.846 0.688 0.700 N.A. 0.683 N.A. N.A. N.A. N.A. N.A. N.A.
FeatWalk X 0.803 0.841 0.868 0.676 0.675 0.667 0.701 0.710 0.714 0.706 0.691 0.703 0.699

DeepWalk 0.373 0.465 0.535 0.576 0.630 0.684 0.310 0.318 0.350 0.324 0.345 0.366 0.368

LINE 0.332 0.421 0.516 0.549 0.624 0.693 0.243 0.264 0.294 0.295 0.313 0.336 0.354

LCMF 0.676 0.725 0.749 0.690 0.706 N.A. 0.680 0.686 N.A. N.A. N.A. N.A. N.A.
MultiSpec 0.720 0.800 0.859 0.709 0.719 N.A. 0.667 N.A. N.A. N.A. N.A. N.A. N.A.

AANE 0.811 0.854 0.885 0.701 0.715 0.722 0.694 0.703 0.711 0.698 0.709 0.711 0.714

FeatWalk 0.831 0.865 0.893 0.722 0.738 0.751 0.700 0.710 0.717 0.708 0.691 0.704 0.701

embedding representation and the trained classifier. The per-
formance is measured by two standard metrics, i.e., micro-
average and macro-average (Huang, Li, and Hu 2017b).

We apply 5-fold cross-validation on all datasets, i.e., ran-
domly select 4

5 of all instances as a training group and the
remaining as a test group. If the dataset has a network, then
the edges between the training and test groups would be
kept. We concatenate feature matrices in two groups to cre-
ate new instance feature matrices. To evaluate an embed-
ding method, we apply it to the new instance feature ma-
trices to learn H, which contains vector representations for
instances in the training group Htrain and instances in the test
group Htest. To perform classification, we build an SVM (Pe-
dregosa et al. 2011) classifier based on Htrain and correspond-
ing labels. Then we apply the learned classifier to predict the
labels of instances in the test group based on Htest.

We use the original papers’ default settings to determine
the parameters of baselines. FeatWalk X and w/o FW use
the same parameters as FeatWalk. If it is not specified, d is
set as 100 and 100% of the instances in the training group
are used. We performed ten test runs and used the arithmetic
average as the final experimental results. We ran the experi-
ments on a Dell OptiPlex 9030 i7-16GB desktop.

Efficiency of FeatWalk

To investigate the first question proposed at the beginning
of this section, we compare FeatWalk with the three state-
of-the-art heterogeneous feature embedding methods and
w/o FW. The running time of all methods as a function of the
number of instances N on Flickr, ACM, and Yelp is shown
in Figure 2. The result on Reuters is similar, so we omit it.

From the results in Figure 2, we have three major obser-
vations. First, the running time of FeatWalk is almost lin-
ear to N , which demonstrates its scalability. For example, in
Figure 2c, the slope of the green curve (FeatWalk) remains
invariable as N increases. As N keeps increasing, LCMF,
MultiSpec, and w/o FW run out of time since their running
time increase exponentially. Second, the distributed sam-
pling algorithm Feature Walks has significantly accelerated
FeatWalk and made it scalable. When N is small, as shown
in Figure 2a, w/o FW has almost the same running time as
FeatWalk, since the manipulations of similarity matrix S are

Table 3: LCMF and AANE can not be applied to Reuters.

# Instances 7,503 (25%) 11,255 (50%) 18,758 (100%)

X(1) X(2) X(1) X(2) X(1) X(2)

NMF 0.658 0.673 0.684 0.689 0.695 0.695

Spectral 0.679 0.689 0.694 0.704 0.710 0.714

FeatWalk X 0.698 0.700 0.727 0.728 0.744 0.745

MultiSpec 0.707 0.727 0.740

FeatWalk 0.720 0.748 0.771

cheap at this time. However, when N keeps increasing, as
shown in Figure 2b, the running time of w/o FW increases
exponentially until it runs out of time. FeatWalk has signif-
icantly less running time than w/o FW on both ACM and
Yelp. Third, FeatWalk always has the least running time
when N is large. When N is small, AANE might have less
running time than FeatWalk. FeatWalk has almost the same
running time as AANE on Flickr, and is always faster than
AANE on ACM. On Yelp, FeatWalk needs more running
time than AANE when N < 82,000, but it becomes faster
than AANE when N � 82,000 since it is almost linear to N .
It should be noted that AANE is designed for embedding a
single feature matrix with a single network, while FeatWalk
is general to multiple ones, e.g., FeatWalk could be applied
to Reuters, while AANE can not.

The running time of FeatWalk can be further reduced by
using the multi-thread implementation. Figure 2d shows the
relative running time of FeatWalk as a function of the num-
ber of workers c on all datasets. From the results, we have
three observations. First, FeatWalk becomes more efficient
as c increases. Second, as c increases from 1 to 2, the running
time decreases less than 50%. It is because the multi-thread
implementation only accelerates the learning of sequences
{Q

(k)
}, not the word embedding process. Third, the running

time of FeatWalk on Flickr keeps increasing when c  5. It
is because N = 7,564 is relatively small and it takes extra
time for the communications between the coordinator and
workers. It should be noted that word2vec can be replaced
by other more efficient algorithms to make FeatWalk faster.
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Conclusions

Ø Propose an effective framework FeatWalk to incorporate 
multiple types of high-dimensional instance features into a
joint embedding representation.

Ø Design an efficient algorithm that avoids to compute 
similarity measure, and provides an alternative way to 
simulate the similarity-based random walks among 
instances to sample the local instance proximity.
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Q(i)
<latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit><latexit sha1_base64="wMYlu5YIKMhyZDlr7WiTvc/ikGo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigi6Lbly2YB/QxjKZTtuhk0mYmSgl5lPcuFDErV/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/sHdvmwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epP5nQcqFQvFnZ5F1AvwWLARI1gbaWCX+wHWE4J50kzvkyo7Swd2xak5c6BV4uakAjkaA/urPwxJHFChCcdK9Vwn0l6CpWaE07TUjxWNMJniMe0ZKnBAlZfMo6fo1ChDNAqleUKjufp7I8GBUrPAN5NZULXsZeJ/Xi/WoysvYSKKNRVkcWgUc6RDlPWAhkxSovnMEEwkM1kRmWCJiTZtlUwJ7vKXV0n7vOY6Nbd5Ualf53UU4RhOoAouXEIdbqEBLSDwCM/wCm/Wk/VivVsfi9GCle8cwR9Ynz8fOZPk</latexit>

If is
a Network

No

Yes

Network

X(i)
<latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit><latexit sha1_base64="R4AK65s2uH7hH99tWJ4cQWBqvNc=">AAAB9HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUs2zbah2eyaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2jjONyqsrW9sbhW3Szu7e/sH5cOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98e3Mb0+Y0jySD2YaMy8kQ8kDTomxkpf2/AB3sse0ys+zfrni1Jw58Cpxc1KBHI1++as3iGgSMmmoIFp3XSc2XkqU4VSwrNRLNIsJHZMh61oqSci0l86PzvCZVQY4iJQtafBc/T2RklDraejbzpCYkV72ZuJ/XjcxwbWXchknhkm6WBQkApsIzxLAA64YNWJqCaGK21sxHRFFqLE5lWwI7vLLq6R1UXOdmnt/Wanf5HEU4QROoQouXEEd7qABTaDwBM/wCm9ogl7QO/pYtBZQPnMMf4A+fwARUZGg</latexit>

Details

Scalable Word
Embedding
Technique to
Learn Final

All Sets
{Q(i)}

<latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit><latexit sha1_base64="ooMUelKsr/9IKhX4w+dO5QDrvSU=">AAAB/nicbVBNS8NAFHypX7V+VcWTl2AR6qUkIuix6MVjC7YWmlg22027dLMJuxuhLAH/ihcPinj1d3jz37hpc9DWgYVh5j3e7AQJo1I5zrdVWlldW98ob1a2tnd296r7B10ZpwKTDo5ZLHoBkoRRTjqKKkZ6iSAoChi5DyY3uX//SISkMb9T04T4ERpxGlKMlJEG1SNPexFSY4yYbmcPuk7PMi8bVGtOw5nBXiZuQWpQoDWofnnDGKcR4QozJGXfdRLlayQUxYxkFS+VJEF4gkakbyhHEZG+nsXP7FOjDO0wFuZxZc/U3xsaRVJOo8BM5lHlopeL/3n9VIVXvqY8SRXheH4oTJmtYjvvwh5SQbBiU0MQFtRktfEYCYSVaaxiSnAXv7xMuucN12m47Yta87qoowzHcAJ1cOESmnALLegABg3P8Apv1pP1Yr1bH/PRklXsHMIfWJ8/YImVvA==</latexit>

H<latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit><latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit><latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit><latexit sha1_base64="xKYgWuLcjRPXiiopN8UafI94uVI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Pve7T6g0j+WjmSXoR3QsecgZNVbqZoMgJM35sFpz6+4CZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9bHHunFxYZUTCWNmShizU3xMZjbSeRYHtjKiZ6FUvF//z+qkJb/2MyyQ1KNlyUZgKYmKS/05GXCEzYmYJZYrbWwmbUEWZsQlVbAje6svrpHNV99y693Bda9wVcZThDM7hEjy4gQY0oQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB+YLj0Q=</latexit>
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