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Knowledge Graph

• A structural form of human 
knowledge

• Represent by triples:
• (head entity, relationship, tail entity)
• (entity, attribute, value)

• Application:
• Question answering
• Recommendation system
• Information retrieval
• …
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Dynamic Knowledge Graph

• Knowledge increases dynamically
– Link new knowledge to existing entities in
knowledge graphs

• Knowledge is distributed in multiple sources
– Integrate different sources of knowledge
graphs
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Challenges to be solved

• Ambiguity
– Ambiguity of author names when linking new
papers to exiting authors in OAG

• Heterogeneity
– Heterogeneity of graphs when integrating multi-
lingual knowledge graphs
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Ambiguity of author names when linking new
papers to exiting authors in OAG

Bo Chen, Jing Zhang, Jie Tang, Lingfan Cai, Zhaoyu Wang, Shu Zhao, Hong Chen,
Cuiping Li. CONNA: Addressing Name Disambiguation on the Fly. TKDE’20
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Google Scholar

One common coauthor “Jie Tang”
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Linking New Papers to OAG

Target paper of Yang Yang

Suarav Pandit, Nitesh V. Chawla
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Learning to infer competitive relationship
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Churn prediction for urban migrants…
WWW

Coauthors
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Title
Keywords
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Zhejiang University

Coauthors

Title
Keywords

Venue

Jie Tang,Yizhou Sun, Juanzi Li…
Social role-aware information 
diffusion

AAAI

The author to be disambiguated

information diffusion, social network

Zongtao Liu, Chenhao Tan…

Jie Tang, Juanzi Li

social network, heterogeneous network

Nitesh Chawla, Yizhou Sun, Jiawei Han

Maximize information spread…
influence propagation, social networks

Candidates of Yang Yang

NIL

Matching: how to match a paper and a candidate person? 

Decision: how to decide to assign the top matched candidate or NIL?

from OAG
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• How can coauthor names take effect ?

Matching

Name is important ! [WSDM, 2013]]
56% accounts of same names across the social 

networks can be correctly linked together

If there are many 
similar coauthors, it is 
easy to match 

If there are only 
a few same 
coauthors, it is 
hard to match

Feature-based
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How to Improve the Matching Performance?

• Feature-based
– Exact matching the tokens

• Representation-based
– Semantic matching a paper and a person

Dilute the effect of the
exact matching.

E.g., exact matching is
suitable for comparing
coauthor names
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Basic Interaction Matching Model

• Capture both the exact and soft matches

Xiong, et al. SIGIR’17
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Modeling Multi-field Attributes

• Assumption
– Different fields of attributes takes different effects.
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Modeling Multi-Instances of Papers

• Assumption
– Different papers of a candidate person takes
different effects.
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Objective Function: Learning to Rank

• Triplet loss function:

– ":margin between positive and negative pairs
– $: transform feature vector % to a score
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• Decide to assign the top-matched person
(y=1) or NIL(y=0).

• Training data:
– Positive instances: {(! ", $% , & = 1)}
– Negative instances: {(! ", $) , & = 0)}

• Objective: train a classification model
ℎ , : ! ", $ → &

Decision

Top-matched person by the matching model

Similarity embedding generated by the matching component
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Reinforcement Self-Correction

• Generator:
– Treat the matcher as a generator to generate 

the features ! ", $
• Feedback:

– The Decision classifier 
give feedback to the matcher

ℎ & : ! ", $ → )
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Matching 
component

Decision 
component

Training data 
for matching

{(p, c+, c�)}
<latexit sha1_base64="2SC1STIS89al44/V8PsU9+sqiqk=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXiWCCUckuFz2S6MEjJvJI2JXMDrMwYfaRmVkNWfkULx40xqtf4s2/cYA9KFhJJ5Wq7nR3eTFnUlnWt5FbWV1b38hvFra2d3b3zOJ+S0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa90dXUbz9QIVkU3qlxTN0AD0LmM4KVlnpmseyklfiM3J/qOj9xJuWeWbKq1gxomdgZKUGGRs/8cvoRSQIaKsKxlF3bipWbYqEY4XRScBJJY0xGeEC7moY4oNJNZ6dP0LFW+siPhK5QoZn6eyLFgZTjwNOdAVZDuehNxf+8bqL8SzdlYZwoGpL5Ij/hSEVomgPqM0GJ4mNNMBFM34rIEAtMlE6roEOwF19eJq1a1baq9m2tVL/O4sjDIRxBBWy4gDrcQAOaQOARnuEV3own48V4Nz7mrTkjmzmAPzA+fwCUBpJA</latexit><latexit sha1_base64="2SC1STIS89al44/V8PsU9+sqiqk=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXiWCCUckuFz2S6MEjJvJI2JXMDrMwYfaRmVkNWfkULx40xqtf4s2/cYA9KFhJJ5Wq7nR3eTFnUlnWt5FbWV1b38hvFra2d3b3zOJ+S0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa90dXUbz9QIVkU3qlxTN0AD0LmM4KVlnpmseyklfiM3J/qOj9xJuWeWbKq1gxomdgZKUGGRs/8cvoRSQIaKsKxlF3bipWbYqEY4XRScBJJY0xGeEC7moY4oNJNZ6dP0LFW+siPhK5QoZn6eyLFgZTjwNOdAVZDuehNxf+8bqL8SzdlYZwoGpL5Ij/hSEVomgPqM0GJ4mNNMBFM34rIEAtMlE6roEOwF19eJq1a1baq9m2tVL/O4sjDIRxBBWy4gDrcQAOaQOARnuEV3own48V4Nz7mrTkjmzmAPzA+fwCUBpJA</latexit><latexit sha1_base64="2SC1STIS89al44/V8PsU9+sqiqk=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXiWCCUckuFz2S6MEjJvJI2JXMDrMwYfaRmVkNWfkULx40xqtf4s2/cYA9KFhJJ5Wq7nR3eTFnUlnWt5FbWV1b38hvFra2d3b3zOJ+S0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa90dXUbz9QIVkU3qlxTN0AD0LmM4KVlnpmseyklfiM3J/qOj9xJuWeWbKq1gxomdgZKUGGRs/8cvoRSQIaKsKxlF3bipWbYqEY4XRScBJJY0xGeEC7moY4oNJNZ6dP0LFW+siPhK5QoZn6eyLFgZTjwNOdAVZDuehNxf+8bqL8SzdlYZwoGpL5Ij/hSEVomgPqM0GJ4mNNMBFM34rIEAtMlE6roEOwF19eJq1a1baq9m2tVL/O4sjDIRxBBWy4gDrcQAOaQOARnuEV3own48V4Nz7mrTkjmzmAPzA+fwCUBpJA</latexit><latexit sha1_base64="2SC1STIS89al44/V8PsU9+sqiqk=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXiWCCUckuFz2S6MEjJvJI2JXMDrMwYfaRmVkNWfkULx40xqtf4s2/cYA9KFhJJ5Wq7nR3eTFnUlnWt5FbWV1b38hvFra2d3b3zOJ+S0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa90dXUbz9QIVkU3qlxTN0AD0LmM4KVlnpmseyklfiM3J/qOj9xJuWeWbKq1gxomdgZKUGGRs/8cvoRSQIaKsKxlF3bipWbYqEY4XRScBJJY0xGeEC7moY4oNJNZ6dP0LFW+siPhK5QoZn6eyLFgZTjwNOdAVZDuehNxf+8bqL8SzdlYZwoGpL5Ij/hSEVomgPqM0GJ4mNNMBFM34rIEAtMlE6roEOwF19eJq1a1baq9m2tVL/O4sjDIRxBBWy4gDrcQAOaQOARnuEV3own48V4Nz7mrTkjmzmAPzA+fwCUBpJA</latexit>

train Generate {(�(p, c+), y = 1)}
<latexit sha1_base64="nzgqmokVohaO3AtCV5U9jiFQvh4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZboUUpSTe6EQq6cFnBPqCJZTKdtEMnyTAzEULIxl9x40IRt36GO//GaZuFth64cDjnXu69x+OMSmVZ30ZhZXVtfaO4Wdra3tndM/cPOjKKBSZtHLFI9DwkCaMhaSuqGOlxQVDgMdL1JtdTv/tIhKRReK8STtwAjULqU4yUlgbmUcVJqw4f0yo/xw9ntfPkyq45WWVglq26NQNcJnZOyiBHa2B+OcMIxwEJFWZIyr5tceWmSCiKGclKTiwJR3iCRqSvaYgCIt109kAGT7UyhH4kdIUKztTfEykKpEwCT3cGSI3lojcV//P6sfIv3ZSGPFYkxPNFfsygiuA0DTikgmDFEk0QFlTfCvEYCYSVzqykQ7AXX14mnUbdtur2XaPcvMnjKIJjcAKqwAYXoAluQQu0AQYZeAav4M14Ml6Md+Nj3low8plD8AfG5w97npRj</latexit><latexit sha1_base64="nzgqmokVohaO3AtCV5U9jiFQvh4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZboUUpSTe6EQq6cFnBPqCJZTKdtEMnyTAzEULIxl9x40IRt36GO//GaZuFth64cDjnXu69x+OMSmVZ30ZhZXVtfaO4Wdra3tndM/cPOjKKBSZtHLFI9DwkCaMhaSuqGOlxQVDgMdL1JtdTv/tIhKRReK8STtwAjULqU4yUlgbmUcVJqw4f0yo/xw9ntfPkyq45WWVglq26NQNcJnZOyiBHa2B+OcMIxwEJFWZIyr5tceWmSCiKGclKTiwJR3iCRqSvaYgCIt109kAGT7UyhH4kdIUKztTfEykKpEwCT3cGSI3lojcV//P6sfIv3ZSGPFYkxPNFfsygiuA0DTikgmDFEk0QFlTfCvEYCYSVzqykQ7AXX14mnUbdtur2XaPcvMnjKIJjcAKqwAYXoAluQQu0AQYZeAav4M14Ml6Md+Nj3low8plD8AfG5w97npRj</latexit><latexit sha1_base64="nzgqmokVohaO3AtCV5U9jiFQvh4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZboUUpSTe6EQq6cFnBPqCJZTKdtEMnyTAzEULIxl9x40IRt36GO//GaZuFth64cDjnXu69x+OMSmVZ30ZhZXVtfaO4Wdra3tndM/cPOjKKBSZtHLFI9DwkCaMhaSuqGOlxQVDgMdL1JtdTv/tIhKRReK8STtwAjULqU4yUlgbmUcVJqw4f0yo/xw9ntfPkyq45WWVglq26NQNcJnZOyiBHa2B+OcMIxwEJFWZIyr5tceWmSCiKGclKTiwJR3iCRqSvaYgCIt109kAGT7UyhH4kdIUKztTfEykKpEwCT3cGSI3lojcV//P6sfIv3ZSGPFYkxPNFfsygiuA0DTikgmDFEk0QFlTfCvEYCYSVzqykQ7AXX14mnUbdtur2XaPcvMnjKIJjcAKqwAYXoAluQQu0AQYZeAav4M14Ml6Md+Nj3low8plD8AfG5w97npRj</latexit><latexit sha1_base64="nzgqmokVohaO3AtCV5U9jiFQvh4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZboUUpSTe6EQq6cFnBPqCJZTKdtEMnyTAzEULIxl9x40IRt36GO//GaZuFth64cDjnXu69x+OMSmVZ30ZhZXVtfaO4Wdra3tndM/cPOjKKBSZtHLFI9DwkCaMhaSuqGOlxQVDgMdL1JtdTv/tIhKRReK8STtwAjULqU4yUlgbmUcVJqw4f0yo/xw9ntfPkyq45WWVglq26NQNcJnZOyiBHa2B+OcMIxwEJFWZIyr5tceWmSCiKGclKTiwJR3iCRqSvaYgCIt109kAGT7UyhH4kdIUKztTfEykKpEwCT3cGSI3lojcV//P6sfIv3ZSGPFYkxPNFfsygiuA0DTikgmDFEk0QFlTfCvEYCYSVzqykQ7AXX14mnUbdtur2XaPcvMnjKIJjcAKqwAYXoAluQQu0AQYZeAav4M14Ml6Md+Nj3low8plD8AfG5w97npRj</latexit>

train

Training data 
for making decisions

Feedbacks
outputupdate

update{(�(p, ĉ�), y = 0)}
<latexit sha1_base64="2o8JEZUY+XrI54uP315A9KDBozM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgq3QQi1JN7oRCrpwWcE+oIllMp00QyfJMDMRQsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7j8soEdI0v7XCyura+kZxs7S1vbO7p+8fdEUUc4Q7KKIR77tQYEpC3JFEUtxnHMPApbjnTq6mfu8Bc0Gi8E4mDDsBHIfEIwhKJQ3144qdVm3mkyqr2z6UKcruz2r15NKs2VllqJfNhjmDsUysnJRBjvZQ/7JHEYoDHEpEoRADy2TSSSGXBFGclexYYAbRBI7xQNEQBlg46eyNzDhVysjwIq4qlMZM/T2RwkCIJHBVZwClLxa9qfifN4ild+GkJGSxxCGaL/JiasjImGZijAjHSNJEEYg4UbcayIccIqmSK6kQrMWXl0m32bDMhnXbLLeu8ziK4AicgCqwwDlogRvQBh2AwCN4Bq/gTXvSXrR37WPeWtDymUPwB9rnD3ozlzE=</latexit><latexit sha1_base64="2o8JEZUY+XrI54uP315A9KDBozM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgq3QQi1JN7oRCrpwWcE+oIllMp00QyfJMDMRQsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7j8soEdI0v7XCyura+kZxs7S1vbO7p+8fdEUUc4Q7KKIR77tQYEpC3JFEUtxnHMPApbjnTq6mfu8Bc0Gi8E4mDDsBHIfEIwhKJQ3144qdVm3mkyqr2z6UKcruz2r15NKs2VllqJfNhjmDsUysnJRBjvZQ/7JHEYoDHEpEoRADy2TSSSGXBFGclexYYAbRBI7xQNEQBlg46eyNzDhVysjwIq4qlMZM/T2RwkCIJHBVZwClLxa9qfifN4ild+GkJGSxxCGaL/JiasjImGZijAjHSNJEEYg4UbcayIccIqmSK6kQrMWXl0m32bDMhnXbLLeu8ziK4AicgCqwwDlogRvQBh2AwCN4Bq/gTXvSXrR37WPeWtDymUPwB9rnD3ozlzE=</latexit><latexit sha1_base64="2o8JEZUY+XrI54uP315A9KDBozM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgq3QQi1JN7oRCrpwWcE+oIllMp00QyfJMDMRQsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7j8soEdI0v7XCyura+kZxs7S1vbO7p+8fdEUUc4Q7KKIR77tQYEpC3JFEUtxnHMPApbjnTq6mfu8Bc0Gi8E4mDDsBHIfEIwhKJQ3144qdVm3mkyqr2z6UKcruz2r15NKs2VllqJfNhjmDsUysnJRBjvZQ/7JHEYoDHEpEoRADy2TSSSGXBFGclexYYAbRBI7xQNEQBlg46eyNzDhVysjwIq4qlMZM/T2RwkCIJHBVZwClLxa9qfifN4ild+GkJGSxxCGaL/JiasjImGZijAjHSNJEEYg4UbcayIccIqmSK6kQrMWXl0m32bDMhnXbLLeu8ziK4AicgCqwwDlogRvQBh2AwCN4Bq/gTXvSXrR37WPeWtDymUPwB9rnD3ozlzE=</latexit><latexit sha1_base64="2o8JEZUY+XrI54uP315A9KDBozM=">AAACBnicbVDLSsNAFJ3UV62vqEsRgq3QQi1JN7oRCrpwWcE+oIllMp00QyfJMDMRQsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7j8soEdI0v7XCyura+kZxs7S1vbO7p+8fdEUUc4Q7KKIR77tQYEpC3JFEUtxnHMPApbjnTq6mfu8Bc0Gi8E4mDDsBHIfEIwhKJQ3144qdVm3mkyqr2z6UKcruz2r15NKs2VllqJfNhjmDsUysnJRBjvZQ/7JHEYoDHEpEoRADy2TSSSGXBFGclexYYAbRBI7xQNEQBlg46eyNzDhVysjwIq4qlMZM/T2RwkCIJHBVZwClLxa9qfifN4ild+GkJGSxxCGaL/JiasjImGZijAjHSNJEEYg4UbcayIccIqmSK6kQrMWXl0m32bDMhnXbLLeu8ziK4AicgCqwwDlogRvQBh2AwCN4Bq/gTXvSXrR37WPeWtDymUPwB9rnD3ozlzE=</latexit>

{(�(p, c+), ŷ = 0)}
<latexit sha1_base64="7KeDrKhgCGOtizMgUfDEOzHjIM0=">AAACBnicbVDLSsNAFJ3UV62vqEsRgq3QYilJN7oRCrpwWcE+oIllMp00QyfJMDMRQsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7j8soEdI0v7XCyura+kZxs7S1vbO7p+8fdEUUc4Q7KKIR77tQYEpC3JFEUtxnHMPApbjnTq6mfu8Bc0Gi8E4mDDsBHIfEIwhKJQ3144qdVm3mkyqro/uzWt32oUyT7NKs2VllqJfNhjmDsUysnJRBjvZQ/7JHEYoDHEpEoRADy2TSSSGXBFGclexYYAbRBI7xQNEQBlg46eyNzDhVysjwIq4qlMZM/T2RwkCIJHBVZwClLxa9qfifN4ild+GkJGSxxCGaL/JiasjImGZijAjHSNJEEYg4UbcayIccIqmSK6kQrMWXl0m32bDMhnXbLLeu8ziK4AicgCqwwDlogRvQBh2AwCN4Bq/gTXvSXrR37WPeWtDymUPwB9rnD3Hgly8=</latexit><latexit sha1_base64="7KeDrKhgCGOtizMgUfDEOzHjIM0=">AAACBnicbVDLSsNAFJ3UV62vqEsRgq3QYilJN7oRCrpwWcE+oIllMp00QyfJMDMRQsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7j8soEdI0v7XCyura+kZxs7S1vbO7p+8fdEUUc4Q7KKIR77tQYEpC3JFEUtxnHMPApbjnTq6mfu8Bc0Gi8E4mDDsBHIfEIwhKJQ3144qdVm3mkyqro/uzWt32oUyT7NKs2VllqJfNhjmDsUysnJRBjvZQ/7JHEYoDHEpEoRADy2TSSSGXBFGclexYYAbRBI7xQNEQBlg46eyNzDhVysjwIq4qlMZM/T2RwkCIJHBVZwClLxa9qfifN4ild+GkJGSxxCGaL/JiasjImGZijAjHSNJEEYg4UbcayIccIqmSK6kQrMWXl0m32bDMhnXbLLeu8ziK4AicgCqwwDlogRvQBh2AwCN4Bq/gTXvSXrR37WPeWtDymUPwB9rnD3Hgly8=</latexit><latexit sha1_base64="7KeDrKhgCGOtizMgUfDEOzHjIM0=">AAACBnicbVDLSsNAFJ3UV62vqEsRgq3QYilJN7oRCrpwWcE+oIllMp00QyfJMDMRQsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7j8soEdI0v7XCyura+kZxs7S1vbO7p+8fdEUUc4Q7KKIR77tQYEpC3JFEUtxnHMPApbjnTq6mfu8Bc0Gi8E4mDDsBHIfEIwhKJQ3144qdVm3mkyqro/uzWt32oUyT7NKs2VllqJfNhjmDsUysnJRBjvZQ/7JHEYoDHEpEoRADy2TSSSGXBFGclexYYAbRBI7xQNEQBlg46eyNzDhVysjwIq4qlMZM/T2RwkCIJHBVZwClLxa9qfifN4ild+GkJGSxxCGaL/JiasjImGZijAjHSNJEEYg4UbcayIccIqmSK6kQrMWXl0m32bDMhnXbLLeu8ziK4AicgCqwwDlogRvQBh2AwCN4Bq/gTXvSXrR37WPeWtDymUPwB9rnD3Hgly8=</latexit><latexit sha1_base64="7KeDrKhgCGOtizMgUfDEOzHjIM0=">AAACBnicbVDLSsNAFJ3UV62vqEsRgq3QYilJN7oRCrpwWcE+oIllMp00QyfJMDMRQsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7j8soEdI0v7XCyura+kZxs7S1vbO7p+8fdEUUc4Q7KKIR77tQYEpC3JFEUtxnHMPApbjnTq6mfu8Bc0Gi8E4mDDsBHIfEIwhKJQ3144qdVm3mkyqro/uzWt32oUyT7NKs2VllqJfNhjmDsUysnJRBjvZQ/7JHEYoDHEpEoRADy2TSSSGXBFGclexYYAbRBI7xQNEQBlg46eyNzDhVysjwIq4qlMZM/T2RwkCIJHBVZwClLxa9qfifN4ild+GkJGSxxCGaL/JiasjImGZijAjHSNJEEYg4UbcayIccIqmSK6kQrMWXl0m32bDMhnXbLLeu8ziK4AicgCqwwDlogRvQBh2AwCN4Bq/gTXvSXrR37WPeWtDymUPwB9rnD3Hgly8=</latexit>

{(�(p, ĉ�), ŷ = 1)}
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The top matched 
candidate

The assigned 
person

Offline Training

Online Predicting

Reinforcement self-correct

Framework

1 2

Matching paper and candidates
Decide to assign the top-
matched person or NIL

Reinforcement self-correct



16

Training Process

Pre-train two components

Reward: punish the wrong
features, reward the right
features

Gradient
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Experimental Results

Interaction matching, multi-field, multi-instance components take effect.
Joint training can improving the matching performance.

Representation matching
or feature engineering
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Experimental Results

With ground truth Without ground truthDirect
classification or
heuristic loss

The problem is not merely a matching or a classification decision problem. 
We need to not only keep the relevant order within each candidate list, but 
also globally distinguish all the positive pairs from all the negative pairs.
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GBDT, CatBoost, XGBoost…

Online Deployment
• Combine traditional feature engineering
model with embedding model

SCIBERTExtracted 149 features from attributes

CONNA

Raw attributes

1. Train the two models independently
2. Integrate them by ensemble learning

Ensemble
learning

https://www.aminer.cn/
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Dataset: WhoIsWho

• https://www.aminer.cn/whoiswho

1. Collect all the assigned papers.
2. Remove the wrongly assigned papers

or split the papers of an author.
3. Annotate the unassigned papers or

merge the papers of two authors.

Annotation tool:

https://www.aminer.cn/whoiswho
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Challenges
• Name disambiguation from scratch

https://www.biendata.xyz/competition/chaindream_nd_task1/
• Continuous name disambiguation

https://www.biendata.xyz/competition/chaindream_nd_task2/

Deadline:2020-11-15

https://www.biendata.xyz/competition/chaindream_nd_task1/
https://www.biendata.xyz/competition/chaindream_nd_task2/
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Heterogeneity of graphs when integrating
multi-lingual knowledge graphs

Xiaobin Tang, Jing Zhang, Bo Chen, Yang Yang, Hong Chen, Cuiping Li. BERT-INT: 
A BERT-based Interaction Model For Knowledge Graph Alignment. IJCAI’20
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Motivation

Multiple KGs exist in real world
• A single KG is far from complete
• Different KGs are supplementary in contents

We demand a way to align different KGs!
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Challenges

Different KGs are highly heterogeneous.

No counterpart can be 
found in neighbor of “007大战
皇家赌场” 

Hub Entity “英语” 
has 800+ neighbors 

Existing works apply variant GCN to update node embedding by 
aggregating all neighbors’ embedding. It may introduce noise and 
harm performance

A B
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Solution

Compute interactions between neighbors

Capture the fine-grained exact match 
between “Eva Green” and “伊娃·格莲”

• Capture the fine-grained exact matches between neighbors
• Get rid of negative influence from dissimilar neighbors
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Framework

Embed 
name/description/
attribute/value of an 
entity

Compute the
interactions of different 
views
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Neighbor-view Interactions

Propose a dual aggregation function to capture exact 
and soft matches between each pair of neighbors

C
(e

’ 1)

C
(e

’ 2)

C
(e

’ n)

…

C(e1)

C(e2)

C(en)

…

Average
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Neighboring entity similarity matrix

s00
<latexit sha1_base64="liuNhAErO5iCfohbJ8KP/dpmJ/Y=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp5Itgh4LXjxWsB/QLiWbZtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3O/88S04bF6sNOEBZKMFI84JdZJ3aoZZBjPqoNyBdfwAmid+DmpQI7moPzVH8Y0lUxZKogxPR8nNsiItpwKNiv1U8MSQidkxHqOKiKZCbLFvTN04ZQhimLtSlm0UH9PZEQaM5Wh65TEjs2qNxf/83qpjW6CjKsktUzR5aIoFcjGaP48GnLNqBVTRwjV3N2K6JhoQq2LqORC8FdfXiftes3HNf++Xmlc5XEU4QzO4RJ8uIYG3EETWkBBwDO8wpv36L14797HsrXg5TOn8Afe5w/rz48s</latexit><latexit sha1_base64="liuNhAErO5iCfohbJ8KP/dpmJ/Y=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp5Itgh4LXjxWsB/QLiWbZtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3O/88S04bF6sNOEBZKMFI84JdZJ3aoZZBjPqoNyBdfwAmid+DmpQI7moPzVH8Y0lUxZKogxPR8nNsiItpwKNiv1U8MSQidkxHqOKiKZCbLFvTN04ZQhimLtSlm0UH9PZEQaM5Wh65TEjs2qNxf/83qpjW6CjKsktUzR5aIoFcjGaP48GnLNqBVTRwjV3N2K6JhoQq2LqORC8FdfXiftes3HNf++Xmlc5XEU4QzO4RJ8uIYG3EETWkBBwDO8wpv36L14797HsrXg5TOn8Afe5w/rz48s</latexit><latexit sha1_base64="liuNhAErO5iCfohbJ8KP/dpmJ/Y=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp5Itgh4LXjxWsB/QLiWbZtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3O/88S04bF6sNOEBZKMFI84JdZJ3aoZZBjPqoNyBdfwAmid+DmpQI7moPzVH8Y0lUxZKogxPR8nNsiItpwKNiv1U8MSQidkxHqOKiKZCbLFvTN04ZQhimLtSlm0UH9PZEQaM5Wh65TEjs2qNxf/83qpjW6CjKsktUzR5aIoFcjGaP48GnLNqBVTRwjV3N2K6JhoQq2LqORC8FdfXiftes3HNf++Xmlc5XEU4QzO4RJ8uIYG3EETWkBBwDO8wpv36L14797HsrXg5TOn8Afe5w/rz48s</latexit><latexit sha1_base64="liuNhAErO5iCfohbJ8KP/dpmJ/Y=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp5Itgh4LXjxWsB/QLiWbZtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3O/88S04bF6sNOEBZKMFI84JdZJ3aoZZBjPqoNyBdfwAmid+DmpQI7moPzVH8Y0lUxZKogxPR8nNsiItpwKNiv1U8MSQidkxHqOKiKZCbLFvTN04ZQhimLtSlm0UH9PZEQaM5Wh65TEjs2qNxf/83qpjW6CjKsktUzR5aIoFcjGaP48GnLNqBVTRwjV3N2K6JhoQq2LqORC8FdfXiftes3HNf++Xmlc5XEU4QzO4RJ8uIYG3EETWkBBwDO8wpv36L14797HsrXg5TOn8Afe5w/rz48s</latexit>

s01
<latexit sha1_base64="t8XVwIeWyQN1j8wid15WWVkfm0w=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzPVm1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzxMy6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yuMowhmcwyV4cA0NuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/tVY8t</latexit><latexit sha1_base64="t8XVwIeWyQN1j8wid15WWVkfm0w=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzPVm1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzxMy6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yuMowhmcwyV4cA0NuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/tVY8t</latexit><latexit sha1_base64="t8XVwIeWyQN1j8wid15WWVkfm0w=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzPVm1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzxMy6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yuMowhmcwyV4cA0NuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/tVY8t</latexit><latexit sha1_base64="t8XVwIeWyQN1j8wid15WWVkfm0w=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzPVm1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzxMy6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yuMowhmcwyV4cA0NuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/tVY8t</latexit>

s0n
<latexit sha1_base64="8EIBYynhbFV80R8DzKcjgpT/+Jc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzJWz6qBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwDO8wpvz6Lw4787HsrXg5DOn8AfO5w9KUo9q</latexit><latexit sha1_base64="8EIBYynhbFV80R8DzKcjgpT/+Jc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzJWz6qBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwDO8wpvz6Lw4787HsrXg5DOn8AfO5w9KUo9q</latexit><latexit sha1_base64="8EIBYynhbFV80R8DzKcjgpT/+Jc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzJWz6qBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwDO8wpvz6Lw4787HsrXg5DOn8AfO5w9KUo9q</latexit><latexit sha1_base64="8EIBYynhbFV80R8DzKcjgpT/+Jc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzJWz6qBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwDO8wpvz6Lw4787HsrXg5DOn8AfO5w9KUo9q</latexit>

s10
<latexit sha1_base64="B4RV+mxWdhh1b3BE0G/iT8BAANM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzHNn1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzxMy6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yuMowhmcwyV4cA0NuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/tVo8t</latexit><latexit sha1_base64="B4RV+mxWdhh1b3BE0G/iT8BAANM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzHNn1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzxMy6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yuMowhmcwyV4cA0NuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/tVo8t</latexit><latexit sha1_base64="B4RV+mxWdhh1b3BE0G/iT8BAANM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzHNn1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzxMy6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yuMowhmcwyV4cA0NuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/tVo8t</latexit><latexit sha1_base64="B4RV+mxWdhh1b3BE0G/iT8BAANM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDzHNn1UG54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni3hm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrzxMy6T1KBky0VhKoiJyfx5MuQKmRFTSyhT3N5K2JgqyoyNqGRD8FZfXiftes1za959vdK4yuMowhmcwyV4cA0NuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/tVo8t</latexit>

s11
<latexit sha1_base64="EVXSLjBwYM6ovQiZ1udEYh4ijOU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7Ipgh4LXjxWsB/QLiWbZtvQbLImWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJ3aoZZBjPqoNyxa/5C6B1gnNSgRzNQfmrP1Q0jZm0VBBjethPbJARbTkVbFbqp4YlhE7IiPUclSRmJsgW987QhVOGKFLalbRoof6eyEhszDQOXWdM7NisenPxP6+X2ugmyLhMUsskXS6KUoGsQvPn0ZBrRq2YOkKo5u5WRMdEE2pdRCUXAl59eZ206zXs1/B9vdK4yuMowhmcwyVguIYG3EETWkBBwDO8wpv36L14797HsrXg5TOn8Afe5w/u3I8u</latexit><latexit sha1_base64="EVXSLjBwYM6ovQiZ1udEYh4ijOU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7Ipgh4LXjxWsB/QLiWbZtvQbLImWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJ3aoZZBjPqoNyxa/5C6B1gnNSgRzNQfmrP1Q0jZm0VBBjethPbJARbTkVbFbqp4YlhE7IiPUclSRmJsgW987QhVOGKFLalbRoof6eyEhszDQOXWdM7NisenPxP6+X2ugmyLhMUsskXS6KUoGsQvPn0ZBrRq2YOkKo5u5WRMdEE2pdRCUXAl59eZ206zXs1/B9vdK4yuMowhmcwyVguIYG3EETWkBBwDO8wpv36L14797HsrXg5TOn8Afe5w/u3I8u</latexit><latexit sha1_base64="EVXSLjBwYM6ovQiZ1udEYh4ijOU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7Ipgh4LXjxWsB/QLiWbZtvQbLImWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJ3aoZZBjPqoNyxa/5C6B1gnNSgRzNQfmrP1Q0jZm0VBBjethPbJARbTkVbFbqp4YlhE7IiPUclSRmJsgW987QhVOGKFLalbRoof6eyEhszDQOXWdM7NisenPxP6+X2ugmyLhMUsskXS6KUoGsQvPn0ZBrRq2YOkKo5u5WRMdEE2pdRCUXAl59eZ206zXs1/B9vdK4yuMowhmcwyVguIYG3EETWkBBwDO8wpv36L14797HsrXg5TOn8Afe5w/u3I8u</latexit><latexit sha1_base64="EVXSLjBwYM6ovQiZ1udEYh4ijOU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CbaCp7Ipgh4LXjxWsB/QLiWbZtvQbLImWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJ3aoZZBjPqoNyxa/5C6B1gnNSgRzNQfmrP1Q0jZm0VBBjethPbJARbTkVbFbqp4YlhE7IiPUclSRmJsgW987QhVOGKFLalbRoof6eyEhszDQOXWdM7NisenPxP6+X2ugmyLhMUsskXS6KUoGsQvPn0ZBrRq2YOkKo5u5WRMdEE2pdRCUXAl59eZ206zXs1/B9vdK4yuMowhmcwyVguIYG3EETWkBBwDO8wpv36L14797HsrXg5TOn8Afe5w/u3I8u</latexit>

s1n
<latexit sha1_base64="3ooisHfUTyVs7d56tOnsxcXiQZQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3aoZZJ6aVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8t7p2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx5MhSaM5RTSyjTwt5K2JhqytBGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwjO8wpvz6Lw4787HsrXg5DOn8AfO5w9L2Y9r</latexit><latexit sha1_base64="3ooisHfUTyVs7d56tOnsxcXiQZQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3aoZZJ6aVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8t7p2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx5MhSaM5RTSyjTwt5K2JhqytBGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwjO8wpvz6Lw4787HsrXg5DOn8AfO5w9L2Y9r</latexit><latexit sha1_base64="3ooisHfUTyVs7d56tOnsxcXiQZQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3aoZZJ6aVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8t7p2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx5MhSaM5RTSyjTwt5K2JhqytBGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwjO8wpvz6Lw4787HsrXg5DOn8AfO5w9L2Y9r</latexit><latexit sha1_base64="3ooisHfUTyVs7d56tOnsxcXiQZQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3aoZZJ6aVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8t7p2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx5MhSaM5RTSyjTwt5K2JhqytBGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwjO8wpvz6Lw4787HsrXg5DOn8AfO5w9L2Y9r</latexit>

sn0
<latexit sha1_base64="RqHwy1IVbuXsU/iBgFKx6bAd5fs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDTLqz6qBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwDO8wpvz6Lw4787HsrXg5DOn8AfO5w9KkI9q</latexit><latexit sha1_base64="RqHwy1IVbuXsU/iBgFKx6bAd5fs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDTLqz6qBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwDO8wpvz6Lw4787HsrXg5DOn8AfO5w9KkI9q</latexit><latexit sha1_base64="RqHwy1IVbuXsU/iBgFKx6bAd5fs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDTLqz6qBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwDO8wpvz6Lw4787HsrXg5DOn8AfO5w9KkI9q</latexit><latexit sha1_base64="RqHwy1IVbuXsU/iBgFKx6bAd5fs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDTLqz6qBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE974GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwDO8wpvz6Lw4787HsrXg5DOn8AfO5w9KkI9q</latexit>

sn1
<latexit sha1_base64="087dM6uzBMXa+FOcpSWEuUIousM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3aoZZMqbVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8t7p2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx5MhSaM5RTSyjTwt5K2JhqytBGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwjO8wpvz6Lw4787HsrXg5DOn8AfO5w9MFo9r</latexit><latexit sha1_base64="087dM6uzBMXa+FOcpSWEuUIousM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3aoZZMqbVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8t7p2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx5MhSaM5RTSyjTwt5K2JhqytBGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwjO8wpvz6Lw4787HsrXg5DOn8AfO5w9MFo9r</latexit><latexit sha1_base64="087dM6uzBMXa+FOcpSWEuUIousM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3aoZZMqbVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8t7p2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx5MhSaM5RTSyjTwt5K2JhqytBGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwjO8wpvz6Lw4787HsrXg5DOn8AfO5w9MFo9r</latexit><latexit sha1_base64="087dM6uzBMXa+FOcpSWEuUIousM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK3aoZZMqbVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8t7p2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx5MhSaM5RTSyjTwt5K2JhqytBGVLIheKsvr5N2vea5Ne++Xmlc5XEU4QzO4RI8uIYG3EETWsBAwjO8wpvz6Lw4787HsrXg5DOn8AfO5w9MFo9r</latexit>

snn
<latexit sha1_base64="mwh91s92BV8IaqzAC9g98k6K4A4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDTMpZdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfra4d0YurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMn+eDLlCZsTUEsoUt7cSNqaKMmMjKtkQvNWX10m7XvPcmndfrzSu8jiKcAbncAkeXEMD7qAJLWAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wepBI+o</latexit><latexit sha1_base64="mwh91s92BV8IaqzAC9g98k6K4A4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDTMpZdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfra4d0YurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMn+eDLlCZsTUEsoUt7cSNqaKMmMjKtkQvNWX10m7XvPcmndfrzSu8jiKcAbncAkeXEMD7qAJLWAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wepBI+o</latexit><latexit sha1_base64="mwh91s92BV8IaqzAC9g98k6K4A4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDTMpZdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfra4d0YurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMn+eDLlCZsTUEsoUt7cSNqaKMmMjKtkQvNWX10m7XvPcmndfrzSu8jiKcAbncAkeXEMD7qAJLWAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wepBI+o</latexit><latexit sha1_base64="mwh91s92BV8IaqzAC9g98k6K4A4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipW9WDTMpZdVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfra4d0YurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCW/8jMskNSjZclGYCmJiMn+eDLlCZsTUEsoUt7cSNqaKMmMjKtkQvNWX10m7XvPcmndfrzSu8jiKcAbncAkeXEMD7qAJLWAg4Ble4c15dF6cd+dj2Vpw8plT+APn8wepBI+o</latexit>

�c(N (e),N (e0))
<latexit sha1_base64="0tN/Wtf93mJp8sQ3/fOmdpCYgKM=">AAACEXicbVDLSsNAFJ3UV62vqEs3g62YgpSkCLosuHElFewDmlgm00k7OJmEmYlQQn/Bjb/ixoUibt2582+ctFnY1gMDZ865l3vv8WNGpbLtH6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4D1eZ33kkQtKI36lxTLwQDTkNKEZKS33TqrjxiN5jyw2RGmHE0puJRapnc9/TarXSN8t2zZ4CLhMnJ2WQo9k3v91BhJOQcIUZkrLn2LHyUiQUxYxMSm4iSYzwAxqSnqYchUR66fSiCTzRygAGkdCPKzhV/3akKJRyHPq6MltULnqZ+J/XS1Rw6aWUx4kiHM8GBQmDKoJZPHBABcGKjTVBWFC9K8QjJBBWOsSSDsFZPHmZtOs1x645t/Vy4zyPowiOwDGwgAMuQANcgyZoAQyewAt4A+/Gs/FqfBifs9KCkfccgjkYX78flJvZ</latexit><latexit sha1_base64="0tN/Wtf93mJp8sQ3/fOmdpCYgKM=">AAACEXicbVDLSsNAFJ3UV62vqEs3g62YgpSkCLosuHElFewDmlgm00k7OJmEmYlQQn/Bjb/ixoUibt2582+ctFnY1gMDZ865l3vv8WNGpbLtH6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4D1eZ33kkQtKI36lxTLwQDTkNKEZKS33TqrjxiN5jyw2RGmHE0puJRapnc9/TarXSN8t2zZ4CLhMnJ2WQo9k3v91BhJOQcIUZkrLn2LHyUiQUxYxMSm4iSYzwAxqSnqYchUR66fSiCTzRygAGkdCPKzhV/3akKJRyHPq6MltULnqZ+J/XS1Rw6aWUx4kiHM8GBQmDKoJZPHBABcGKjTVBWFC9K8QjJBBWOsSSDsFZPHmZtOs1x645t/Vy4zyPowiOwDGwgAMuQANcgyZoAQyewAt4A+/Gs/FqfBifs9KCkfccgjkYX78flJvZ</latexit><latexit sha1_base64="0tN/Wtf93mJp8sQ3/fOmdpCYgKM=">AAACEXicbVDLSsNAFJ3UV62vqEs3g62YgpSkCLosuHElFewDmlgm00k7OJmEmYlQQn/Bjb/ixoUibt2582+ctFnY1gMDZ865l3vv8WNGpbLtH6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4D1eZ33kkQtKI36lxTLwQDTkNKEZKS33TqrjxiN5jyw2RGmHE0puJRapnc9/TarXSN8t2zZ4CLhMnJ2WQo9k3v91BhJOQcIUZkrLn2LHyUiQUxYxMSm4iSYzwAxqSnqYchUR66fSiCTzRygAGkdCPKzhV/3akKJRyHPq6MltULnqZ+J/XS1Rw6aWUx4kiHM8GBQmDKoJZPHBABcGKjTVBWFC9K8QjJBBWOsSSDsFZPHmZtOs1x645t/Vy4zyPowiOwDGwgAMuQANcgyZoAQyewAt4A+/Gs/FqfBifs9KCkfccgjkYX78flJvZ</latexit><latexit sha1_base64="0tN/Wtf93mJp8sQ3/fOmdpCYgKM=">AAACEXicbVDLSsNAFJ3UV62vqEs3g62YgpSkCLosuHElFewDmlgm00k7OJmEmYlQQn/Bjb/ixoUibt2582+ctFnY1gMDZ865l3vv8WNGpbLtH6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4D1eZ33kkQtKI36lxTLwQDTkNKEZKS33TqrjxiN5jyw2RGmHE0puJRapnc9/TarXSN8t2zZ4CLhMnJ2WQo9k3v91BhJOQcIUZkrLn2LHyUiQUxYxMSm4iSYzwAxqSnqYchUR66fSiCTzRygAGkdCPKzhV/3akKJRyHPq6MltULnqZ+J/XS1Rw6aWUx4kiHM8GBQmDKoJZPHBABcGKjTVBWFC9K8QjJBBWOsSSDsFZPHmZtOs1x645t/Vy4zyPowiOwDGwgAMuQANcgyZoAQyewAt4A+/Gs/FqfBifs9KCkfccgjkYX78flJvZ</latexit>
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<latexit sha1_base64="ZqdFLXt7NWs9I4TBTQLAQyYstTk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK70T153OTuvZJxTXLVs2aAi4SOydlkKPpmp/9QYjjgHCFGZKyZ1uRchIkFMWMpKV+LEmE8BgNSU9TjgIinWR6RQqPtTKAfij04wpO1d8dCQqknASersy2lPNeJv7n9WLlnzsJ5VGsCMezQX7MoAphFgkcUEGwYhNNEBZU7wrxCAmElQ6upEOw509eJO16zbZq9nW93DjN4yiCA3AEqsAGZ6ABLkETtAAGD+AJvIBX49F4Nt6M91lpwch79sEfGB/fd5iX1g==</latexit><latexit sha1_base64="ZqdFLXt7NWs9I4TBTQLAQyYstTk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK70T153OTuvZJxTXLVs2aAi4SOydlkKPpmp/9QYjjgHCFGZKyZ1uRchIkFMWMpKV+LEmE8BgNSU9TjgIinWR6RQqPtTKAfij04wpO1d8dCQqknASersy2lPNeJv7n9WLlnzsJ5VGsCMezQX7MoAphFgkcUEGwYhNNEBZU7wrxCAmElQ6upEOw509eJO16zbZq9nW93DjN4yiCA3AEqsAGZ6ABLkETtAAGD+AJvIBX49F4Nt6M91lpwch79sEfGB/fd5iX1g==</latexit><latexit sha1_base64="ZqdFLXt7NWs9I4TBTQLAQyYstTk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK70T153OTuvZJxTXLVs2aAi4SOydlkKPpmp/9QYjjgHCFGZKyZ1uRchIkFMWMpKV+LEmE8BgNSU9TjgIinWR6RQqPtTKAfij04wpO1d8dCQqknASersy2lPNeJv7n9WLlnzsJ5VGsCMezQX7MoAphFgkcUEGwYhNNEBZU7wrxCAmElQ6upEOw509eJO16zbZq9nW93DjN4yiCA3AEqsAGZ6ABLkETtAAGD+AJvIBX49F4Nt6M91lpwch79sEfGB/fd5iX1g==</latexit><latexit sha1_base64="ZqdFLXt7NWs9I4TBTQLAQyYstTk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK70T153OTuvZJxTXLVs2aAi4SOydlkKPpmp/9QYjjgHCFGZKyZ1uRchIkFMWMpKV+LEmE8BgNSU9TjgIinWR6RQqPtTKAfij04wpO1d8dCQqknASersy2lPNeJv7n9WLlnzsJ5VGsCMezQX7MoAphFgkcUEGwYhNNEBZU7wrxCAmElQ6upEOw509eJO16zbZq9nW93DjN4yiCA3AEqsAGZ6ABLkETtAAGD+AJvIBX49F4Nt6M91lpwch79sEfGB/fd5iX1g==</latexit>K
er

ne
l 

ag
gr

eg
at

io
n

K
er

ne
l 

ag
gr

eg
at

io
n

Max-poolingMax-pooling
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Kc(Sn)
<latexit sha1_base64="JP8jiEfTdSj4wGtu3SjUyTtPShY=">AAACB3icbVDLSsNAFJ3UV62vqEtBBluhbkpSBF0W3AhuKtoHtDFMppN26GQSZiZCCdm58VfcuFDErb/gzr9x0kbQ1gMDZ865l3vv8SJGpbKsL6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl444vM79wTIWnIb9UkIk6Ahpz6FCOlJdc8rPQDpEaen1yld7j687lJ3YSnJxXXLFs1awq4SOyclEGOpmt+9gchjgPCFWZIyp5tRcpJkFAUM5KW+rEkEcJjNCQ9TTkKiHSS6R0pPNbKAPqh0I8rOFV/dyQokHISeLoy21POe5n4n9eLlX/uJJRHsSIczwb5MYMqhFkocEAFwYpNNEFYUL0rxCMkEFY6upIOwZ4/eZG06zXbqtnX9XLjNI+jCA7AEagCG5yBBrgETdACGDyAJ/ACXo1H49l4M95npQUj79kHf2B8fAOV25kQ</latexit><latexit sha1_base64="JP8jiEfTdSj4wGtu3SjUyTtPShY=">AAACB3icbVDLSsNAFJ3UV62vqEtBBluhbkpSBF0W3AhuKtoHtDFMppN26GQSZiZCCdm58VfcuFDErb/gzr9x0kbQ1gMDZ865l3vv8SJGpbKsL6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl444vM79wTIWnIb9UkIk6Ahpz6FCOlJdc8rPQDpEaen1yld7j687lJ3YSnJxXXLFs1awq4SOyclEGOpmt+9gchjgPCFWZIyp5tRcpJkFAUM5KW+rEkEcJjNCQ9TTkKiHSS6R0pPNbKAPqh0I8rOFV/dyQokHISeLoy21POe5n4n9eLlX/uJJRHsSIczwb5MYMqhFkocEAFwYpNNEFYUL0rxCMkEFY6upIOwZ4/eZG06zXbqtnX9XLjNI+jCA7AEagCG5yBBrgETdACGDyAJ/ACXo1H49l4M95npQUj79kHf2B8fAOV25kQ</latexit><latexit sha1_base64="JP8jiEfTdSj4wGtu3SjUyTtPShY=">AAACB3icbVDLSsNAFJ3UV62vqEtBBluhbkpSBF0W3AhuKtoHtDFMppN26GQSZiZCCdm58VfcuFDErb/gzr9x0kbQ1gMDZ865l3vv8SJGpbKsL6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl444vM79wTIWnIb9UkIk6Ahpz6FCOlJdc8rPQDpEaen1yld7j687lJ3YSnJxXXLFs1awq4SOyclEGOpmt+9gchjgPCFWZIyp5tRcpJkFAUM5KW+rEkEcJjNCQ9TTkKiHSS6R0pPNbKAPqh0I8rOFV/dyQokHISeLoy21POe5n4n9eLlX/uJJRHsSIczwb5MYMqhFkocEAFwYpNNEFYUL0rxCMkEFY6upIOwZ4/eZG06zXbqtnX9XLjNI+jCA7AEagCG5yBBrgETdACGDyAJ/ACXo1H49l4M95npQUj79kHf2B8fAOV25kQ</latexit><latexit sha1_base64="JP8jiEfTdSj4wGtu3SjUyTtPShY=">AAACB3icbVDLSsNAFJ3UV62vqEtBBluhbkpSBF0W3AhuKtoHtDFMppN26GQSZiZCCdm58VfcuFDErb/gzr9x0kbQ1gMDZ865l3vv8SJGpbKsL6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl444vM79wTIWnIb9UkIk6Ahpz6FCOlJdc8rPQDpEaen1yld7j687lJ3YSnJxXXLFs1awq4SOyclEGOpmt+9gchjgPCFWZIyp5tRcpJkFAUM5KW+rEkEcJjNCQ9TTkKiHSS6R0pPNbKAPqh0I8rOFV/dyQokHISeLoy21POe5n4n9eLlX/uJJRHsSIczwb5MYMqhFkocEAFwYpNNEFYUL0rxCMkEFY6upIOwZ4/eZG06zXbqtnX9XLjNI+jCA7AEagCG5yBBrgETdACGDyAJ/ACXo1H49l4M95npQUj79kHf2B8fAOV25kQ</latexit>

Kc(S1)
<latexit sha1_base64="D8M0uvM2U7oXjOrNkSjUveE+Nqk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK73D153OTuvZJxTXLVs2aAi4SOydlkKPpmp/9QYjjgHCFGZKyZ1uRchIkFMWMpKV+LEmE8BgNSU9TjgIinWR6RQqPtTKAfij04wpO1d8dCQqknASersy2lPNeJv7n9WLlnzsJ5VGsCMezQX7MoAphFgkcUEGwYhNNEBZU7wrxCAmElQ6upEOw509eJO16zbZq9nW93DjN4yiCA3AEqsAGZ6ABLkETtAAGD+AJvIBX49F4Nt6M91lpwch79sEfGB/fX/uXxw==</latexit><latexit sha1_base64="D8M0uvM2U7oXjOrNkSjUveE+Nqk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK73D153OTuvZJxTXLVs2aAi4SOydlkKPpmp/9QYjjgHCFGZKyZ1uRchIkFMWMpKV+LEmE8BgNSU9TjgIinWR6RQqPtTKAfij04wpO1d8dCQqknASersy2lPNeJv7n9WLlnzsJ5VGsCMezQX7MoAphFgkcUEGwYhNNEBZU7wrxCAmElQ6upEOw509eJO16zbZq9nW93DjN4yiCA3AEqsAGZ6ABLkETtAAGD+AJvIBX49F4Nt6M91lpwch79sEfGB/fX/uXxw==</latexit><latexit sha1_base64="D8M0uvM2U7oXjOrNkSjUveE+Nqk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK73D153OTuvZJxTXLVs2aAi4SOydlkKPpmp/9QYjjgHCFGZKyZ1uRchIkFMWMpKV+LEmE8BgNSU9TjgIinWR6RQqPtTKAfij04wpO1d8dCQqknASersy2lPNeJv7n9WLlnzsJ5VGsCMezQX7MoAphFgkcUEGwYhNNEBZU7wrxCAmElQ6upEOw509eJO16zbZq9nW93DjN4yiCA3AEqsAGZ6ABLkETtAAGD+AJvIBX49F4Nt6M91lpwch79sEfGB/fX/uXxw==</latexit><latexit sha1_base64="D8M0uvM2U7oXjOrNkSjUveE+Nqk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK73D153OTuvZJxTXLVs2aAi4SOydlkKPpmp/9QYjjgHCFGZKyZ1uRchIkFMWMpKV+LEmE8BgNSU9TjgIinWR6RQqPtTKAfij04wpO1d8dCQqknASersy2lPNeJv7n9WLlnzsJ5VGsCMezQX7MoAphFgkcUEGwYhNNEBZU7wrxCAmElQ6upEOw509eJO16zbZq9nW93DjN4yiCA3AEqsAGZ6ABLkETtAAGD+AJvIBX49F4Nt6M91lpwch79sEfGB/fX/uXxw==</latexit>
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<latexit sha1_base64="0OUc/JQHkXv7pnGl3fJcspbxSs8=">AAAB+XicbVC7TsMwFL0pr1JeAUaWiBaJqUq6wFgEA2OR6ENqo8pxndaq40T2TUUV9U9YGECIlT9h429w2wzQciRLR+eca1+fIBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7Gt3O/PWFK81g+4jRhfkSGkoecEjRS37YrPWRPmN2YEBmyWaVvl92qu4CzTryclCFHo29/9QYxTSMmkQqidddzE/QzopBTwWalXqpZQujY3N41VJKIaT9bbD5zLowycMJYmSPRWai/JzISaT2NApOMCI70qjcX//O6KYbXfsZlkiKTdPlQmAoHY2degzPgilEUU0MIVdzs6tARUYSiKatkSvBWv7xOWrWq51a9h1q5fpfXUYQzOIdL8OAK6nAPDWgChQk8wyu8WZn1Yr1bH8towcpnTuEPrM8fQxqTZw==</latexit><latexit sha1_base64="0OUc/JQHkXv7pnGl3fJcspbxSs8=">AAAB+XicbVC7TsMwFL0pr1JeAUaWiBaJqUq6wFgEA2OR6ENqo8pxndaq40T2TUUV9U9YGECIlT9h429w2wzQciRLR+eca1+fIBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7Gt3O/PWFK81g+4jRhfkSGkoecEjRS37YrPWRPmN2YEBmyWaVvl92qu4CzTryclCFHo29/9QYxTSMmkQqidddzE/QzopBTwWalXqpZQujY3N41VJKIaT9bbD5zLowycMJYmSPRWai/JzISaT2NApOMCI70qjcX//O6KYbXfsZlkiKTdPlQmAoHY2degzPgilEUU0MIVdzs6tARUYSiKatkSvBWv7xOWrWq51a9h1q5fpfXUYQzOIdL8OAK6nAPDWgChQk8wyu8WZn1Yr1bH8towcpnTuEPrM8fQxqTZw==</latexit><latexit sha1_base64="0OUc/JQHkXv7pnGl3fJcspbxSs8=">AAAB+XicbVC7TsMwFL0pr1JeAUaWiBaJqUq6wFgEA2OR6ENqo8pxndaq40T2TUUV9U9YGECIlT9h429w2wzQciRLR+eca1+fIBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7Gt3O/PWFK81g+4jRhfkSGkoecEjRS37YrPWRPmN2YEBmyWaVvl92qu4CzTryclCFHo29/9QYxTSMmkQqidddzE/QzopBTwWalXqpZQujY3N41VJKIaT9bbD5zLowycMJYmSPRWai/JzISaT2NApOMCI70qjcX//O6KYbXfsZlkiKTdPlQmAoHY2degzPgilEUU0MIVdzs6tARUYSiKatkSvBWv7xOWrWq51a9h1q5fpfXUYQzOIdL8OAK6nAPDWgChQk8wyu8WZn1Yr1bH8towcpnTuEPrM8fQxqTZw==</latexit><latexit sha1_base64="0OUc/JQHkXv7pnGl3fJcspbxSs8=">AAAB+XicbVC7TsMwFL0pr1JeAUaWiBaJqUq6wFgEA2OR6ENqo8pxndaq40T2TUUV9U9YGECIlT9h429w2wzQciRLR+eca1+fIBFco+t+W4WNza3tneJuaW//4PDIPj5p6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g7Gt3O/PWFK81g+4jRhfkSGkoecEjRS37YrPWRPmN2YEBmyWaVvl92qu4CzTryclCFHo29/9QYxTSMmkQqidddzE/QzopBTwWalXqpZQujY3N41VJKIaT9bbD5zLowycMJYmSPRWai/JzISaT2NApOMCI70qjcX//O6KYbXfsZlkiKTdPlQmAoHY2degzPgilEUU0MIVdzs6tARUYSiKatkSvBWv7xOWrWq51a9h1q5fpfXUYQzOIdL8OAK6nAPDWgChQk8wyu8WZn1Yr1bH8towcpnTuEPrM8fQxqTZw==</latexit>
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<latexit sha1_base64="zF0xY2+k5urDiLzGTDOifoDPWGk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g62YgpSkCLosuHElFewDmlgm00k7OJmEmYlQQn/Bjb/ixoUibt2582+ctFnY1gMDZ865l3vv8WNGpbLtH6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4D1eZ33kkQtKI36lxTLwQDTkNKEZKS33TqrjxiN4Lyw2RGmHE0puJRapnc9/TarXSN8t2zZ4CLhMnJ2WQo9k3v91BhJOQcIUZkrLn2LHyUiQUxYxMSm4iSYzwAxqSnqYchUR66fSiCTzRygAGkdCPKzhV/3akKJRyHPq6MltULnqZ+J/XS1Rw6aWUx4kiHM8GBQmDKoJZPHBABcGKjTVBWFC9K8QjJBBWOsSSDsFZPHmZtOs1x645t/Vy4zyPowiOwDGwgAMuQANcgyZoAQyewAt4A+/Gs/FqfBifs9KCkfccgjkYX784P5vo</latexit><latexit sha1_base64="zF0xY2+k5urDiLzGTDOifoDPWGk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g62YgpSkCLosuHElFewDmlgm00k7OJmEmYlQQn/Bjb/ixoUibt2582+ctFnY1gMDZ865l3vv8WNGpbLtH6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4D1eZ33kkQtKI36lxTLwQDTkNKEZKS33TqrjxiN4Lyw2RGmHE0puJRapnc9/TarXSN8t2zZ4CLhMnJ2WQo9k3v91BhJOQcIUZkrLn2LHyUiQUxYxMSm4iSYzwAxqSnqYchUR66fSiCTzRygAGkdCPKzhV/3akKJRyHPq6MltULnqZ+J/XS1Rw6aWUx4kiHM8GBQmDKoJZPHBABcGKjTVBWFC9K8QjJBBWOsSSDsFZPHmZtOs1x645t/Vy4zyPowiOwDGwgAMuQANcgyZoAQyewAt4A+/Gs/FqfBifs9KCkfccgjkYX784P5vo</latexit><latexit sha1_base64="zF0xY2+k5urDiLzGTDOifoDPWGk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g62YgpSkCLosuHElFewDmlgm00k7OJmEmYlQQn/Bjb/ixoUibt2582+ctFnY1gMDZ865l3vv8WNGpbLtH6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4D1eZ33kkQtKI36lxTLwQDTkNKEZKS33TqrjxiN4Lyw2RGmHE0puJRapnc9/TarXSN8t2zZ4CLhMnJ2WQo9k3v91BhJOQcIUZkrLn2LHyUiQUxYxMSm4iSYzwAxqSnqYchUR66fSiCTzRygAGkdCPKzhV/3akKJRyHPq6MltULnqZ+J/XS1Rw6aWUx4kiHM8GBQmDKoJZPHBABcGKjTVBWFC9K8QjJBBWOsSSDsFZPHmZtOs1x645t/Vy4zyPowiOwDGwgAMuQANcgyZoAQyewAt4A+/Gs/FqfBifs9KCkfccgjkYX784P5vo</latexit><latexit sha1_base64="zF0xY2+k5urDiLzGTDOifoDPWGk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g62YgpSkCLosuHElFewDmlgm00k7OJmEmYlQQn/Bjb/ixoUibt2582+ctFnY1gMDZ865l3vv8WNGpbLtH6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4D1eZ33kkQtKI36lxTLwQDTkNKEZKS33TqrjxiN4Lyw2RGmHE0puJRapnc9/TarXSN8t2zZ4CLhMnJ2WQo9k3v91BhJOQcIUZkrLn2LHyUiQUxYxMSm4iSYzwAxqSnqYchUR66fSiCTzRygAGkdCPKzhV/3akKJRyHPq6MltULnqZ+J/XS1Rw6aWUx4kiHM8GBQmDKoJZPHBABcGKjTVBWFC9K8QjJBBWOsSSDsFZPHmZtOs1x645t/Vy4zyPowiOwDGwgAMuQANcgyZoAQyewAt4A+/Gs/FqfBifs9KCkfccgjkYX784P5vo</latexit>

�(N (e),N (e0))
<latexit sha1_base64="cIBXUqBHHKH0s7cT5Dt34zcMWJ0=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g4magITdIGgZsLGSCOYB2SXMTu4mQ2YfzMwKYckf2PgrNhaK2Nra+TfOJilM9MDAmXPu5d57vJgzqSzr28itrK6tb+Q3C1vbO7t75v5BS0aJoNCkEY9ExyMSOAuhqZji0IkFkMDj0PZG15nffgAhWRTeq3EMbkAGIfMZJUpLPfO05MRDVnYCooaU8PR2UobK+cL3rFIp9cyiVbWmwH+JPSdFNEejZ345/YgmAYSKciJl17Zi5aZEKEY5TApOIiEmdEQG0NU0JAFIN53eM8EnWuljPxL6hQpP1d8dKQmkHAeerswWlcteJv7ndRPlX7kpC+NEQUhng/yEYxXhLBzcZwKo4mNNCBVM74rpkAhClY6woEOwl0/+S1q1qm1V7btasX4xjyOPjtAxKiMbXaI6ukEN1EQUPaJn9IrejCfjxXg3PmalOWPec4gWYHz+AJOVmwQ=</latexit><latexit sha1_base64="cIBXUqBHHKH0s7cT5Dt34zcMWJ0=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g4magITdIGgZsLGSCOYB2SXMTu4mQ2YfzMwKYckf2PgrNhaK2Nra+TfOJilM9MDAmXPu5d57vJgzqSzr28itrK6tb+Q3C1vbO7t75v5BS0aJoNCkEY9ExyMSOAuhqZji0IkFkMDj0PZG15nffgAhWRTeq3EMbkAGIfMZJUpLPfO05MRDVnYCooaU8PR2UobK+cL3rFIp9cyiVbWmwH+JPSdFNEejZ345/YgmAYSKciJl17Zi5aZEKEY5TApOIiEmdEQG0NU0JAFIN53eM8EnWuljPxL6hQpP1d8dKQmkHAeerswWlcteJv7ndRPlX7kpC+NEQUhng/yEYxXhLBzcZwKo4mNNCBVM74rpkAhClY6woEOwl0/+S1q1qm1V7btasX4xjyOPjtAxKiMbXaI6ukEN1EQUPaJn9IrejCfjxXg3PmalOWPec4gWYHz+AJOVmwQ=</latexit><latexit sha1_base64="cIBXUqBHHKH0s7cT5Dt34zcMWJ0=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g4magITdIGgZsLGSCOYB2SXMTu4mQ2YfzMwKYckf2PgrNhaK2Nra+TfOJilM9MDAmXPu5d57vJgzqSzr28itrK6tb+Q3C1vbO7t75v5BS0aJoNCkEY9ExyMSOAuhqZji0IkFkMDj0PZG15nffgAhWRTeq3EMbkAGIfMZJUpLPfO05MRDVnYCooaU8PR2UobK+cL3rFIp9cyiVbWmwH+JPSdFNEejZ345/YgmAYSKciJl17Zi5aZEKEY5TApOIiEmdEQG0NU0JAFIN53eM8EnWuljPxL6hQpP1d8dKQmkHAeerswWlcteJv7ndRPlX7kpC+NEQUhng/yEYxXhLBzcZwKo4mNNCBVM74rpkAhClY6woEOwl0/+S1q1qm1V7btasX4xjyOPjtAxKiMbXaI6ukEN1EQUPaJn9IrejCfjxXg3PmalOWPec4gWYHz+AJOVmwQ=</latexit><latexit sha1_base64="cIBXUqBHHKH0s7cT5Dt34zcMWJ0=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g4magITdIGgZsLGSCOYB2SXMTu4mQ2YfzMwKYckf2PgrNhaK2Nra+TfOJilM9MDAmXPu5d57vJgzqSzr28itrK6tb+Q3C1vbO7t75v5BS0aJoNCkEY9ExyMSOAuhqZji0IkFkMDj0PZG15nffgAhWRTeq3EMbkAGIfMZJUpLPfO05MRDVnYCooaU8PR2UobK+cL3rFIp9cyiVbWmwH+JPSdFNEejZ345/YgmAYSKciJl17Zi5aZEKEY5TApOIiEmdEQG0NU0JAFIN53eM8EnWuljPxL6hQpP1d8dKQmkHAeerswWlcteJv7ndRPlX7kpC+NEQUhng/yEYxXhLBzcZwKo4mNNCBVM74rpkAhClY6woEOwl0/+S1q1qm1V7btasX4xjyOPjtAxKiMbXaI6ukEN1EQUPaJn9IrejCfjxXg3PmalOWPec4gWYHz+AJOVmwQ=</latexit>
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<latexit sha1_base64="1j+vTKWwEOjtLUwsPBcxMkWrZ8s=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK70T153OTuvyk4pplq2ZNAReJnZMyyNF0zc/+IMRxQLjCDEnZs61IOQkSimJG0lI/liRCeIyGpKcpRwGRTjK9IoXHWhlAPxT6cQWn6u+OBAVSTgJPV2ZbynkvE//zerHyz52E8ihWhOPZID9mUIUwiwQOqCBYsYkmCAuqd4V4hATCSgdX0iHY8ycvkna9Zls1+7pebpzmcRTBATgCVWCDM9AAl6AJWgCDB/AEXsCr8Wg8G2/G+6y0YOQ9++APjI9v1IaYEw==</latexit><latexit sha1_base64="1j+vTKWwEOjtLUwsPBcxMkWrZ8s=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK70T153OTuvyk4pplq2ZNAReJnZMyyNF0zc/+IMRxQLjCDEnZs61IOQkSimJG0lI/liRCeIyGpKcpRwGRTjK9IoXHWhlAPxT6cQWn6u+OBAVSTgJPV2ZbynkvE//zerHyz52E8ihWhOPZID9mUIUwiwQOqCBYsYkmCAuqd4V4hATCSgdX0iHY8ycvkna9Zls1+7pebpzmcRTBATgCVWCDM9AAl6AJWgCDB/AEXsCr8Wg8G2/G+6y0YOQ9++APjI9v1IaYEw==</latexit><latexit sha1_base64="1j+vTKWwEOjtLUwsPBcxMkWrZ8s=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK70T153OTuvyk4pplq2ZNAReJnZMyyNF0zc/+IMRxQLjCDEnZs61IOQkSimJG0lI/liRCeIyGpKcpRwGRTjK9IoXHWhlAPxT6cQWn6u+OBAVSTgJPV2ZbynkvE//zerHyz52E8ihWhOPZID9mUIUwiwQOqCBYsYkmCAuqd4V4hATCSgdX0iHY8ycvkna9Zls1+7pebpzmcRTBATgCVWCDM9AAl6AJWgCDB/AEXsCr8Wg8G2/G+6y0YOQ9++APjI9v1IaYEw==</latexit><latexit sha1_base64="1j+vTKWwEOjtLUwsPBcxMkWrZ8s=">AAACBXicbVDLSsNAFJ3UV62vqEtdDLZC3ZSkCLosuBHcVLQPaGOYTCft0MkkzEyEErJx46+4caGIW//BnX/jpI2grQcGzpxzL/fe40WMSmVZX0ZhaXllda24XtrY3NreMXf32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxheZ37knQtKQ36pJRJwADTn1KUZKS655WOkHSI08P7lK70T153OTuvyk4pplq2ZNAReJnZMyyNF0zc/+IMRxQLjCDEnZs61IOQkSimJG0lI/liRCeIyGpKcpRwGRTjK9IoXHWhlAPxT6cQWn6u+OBAVSTgJPV2ZbynkvE//zerHyz52E8ihWhOPZID9mUIUwiwQOqCBYsYkmCAuqd4V4hATCSgdX0iHY8ycvkna9Zls1+7pebpzmcRTBATgCVWCDM9AAl6AJWgCDB/AEXsCr8Wg8G2/G+6y0YOQ9++APjI9v1IaYEw==</latexit>

Column
aggregation

Row
aggregation

Max pooling
one-one mapping
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Neighbor-view Interactions

Element-wise product

A pair of neighbors are more convincing for supporting the alignment of 
two entities if the corresponding relations are also similar.

Represent a relation by the average head and tail entity embedding.

For triplet !, #$, !$ and (!&, #'&, !'&), if #$ is similar to #'& and !$ is similar to !'&,
! and !& will be more likely to be aligned.
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Dataset

• DBP15K
• https://github.com/nju-websoft/JAPE
• Each pair of cross-lingual KGs has 15,000 inter-lingual links (use 

30% seed alignment to predict the rest).

https://github.com/nju-websoft/JAPEDBP15K:

https://github.com/nju-websoft/JAPE
https://github.com/nju-websoft/JAPE
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Experiment Result

BERT-INT outperforms the best baselines by 9.7%-1.9% in HR1 on three datasets respectively



31

Ablation study

Interaction model
outperforms GNNs

The effect of relation/attribute mask and high-order neighbors is not significant.

Max pooling and
column aggregation
take effect.
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Inductive learning

The basic BERT unit BERT-INT

We train the basic BERT unit and BERT-INT on one dataset of DBP15K, 
directly transfer and evaluate them on the other two datasets.

• Basic BERT unit and BERT-INT have inductive capacity
• The inductive capacity is not only caused by multi-lingual BERT, but 

also caused by the proposed interaction model
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Conclusion

• Ambiguity and Heterogeneity
– A multi-field multi-instance interaction model to 

match a paper and a person.
– A BERT-based interaction model to match

neighbors of entities.
– Can capture fine-grained matches, and avoid

the heterogeneity of graph structures
– Jointly train the matching and the decision 

component to boost the both performance.



Knowledge Graph Linking and Integration

Dataset:
https://www.aminer.cn/whoiswho
Challenges:
https://www.biendata.xyz/competition/chaindream_nd_task1/
https://www.biendata.xyz/competition/chaindream_nd_task2/
Code:
https://github.com/BoChen-Daniel/TKDE-2019-CONNA
https://github.com/kosugi11037/bert-int

Thank you!

Jing Zhang, School of Information, Renmin University of China

https://www.aminer.cn/whoiswho
https://www.biendata.xyz/competition/chaindream_nd_task1/
https://www.biendata.xyz/competition/chaindream_nd_task2/
https://github.com/BoChen-Daniel/TKDE-2019-CONNA
https://github.com/kosugi11037/bert-int

