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Recall: Federated Continual Learning (FCL)

2

FCL categories: CIL, TIL, and DIL

Images are from CIL survey

https://arxiv.org/abs/2302.03648


Recall: Regularization-Based FCL

3

Images are from survey

Constrain the divergence

https://arxiv.org/abs/2302.00487


Recall: Regularization-Based FCL

4

<latexit sha1_base64="Z8BBhZ+7Wus6u120jIQhlGTHLjw="></latexit>

L(ω) = LB(ω) +
∑

i

ε

2
Fi(ωi → ω→A,i)

Images are from EWC

https://arxiv.org/pdf/1612.00796


Recall: Architecture-Based FCL

5

Images are from HAT

Split the model into several parts for different roles. 

https://proceedings.mlr.press/v80/serra18a.html


Recall: Replay-based FCL

6

Images are from survey

Replay synthetic data samples

https://arxiv.org/abs/2302.00487


Recall: Normalizing Flow

7

Map samples into a distribution, e.g., Gaussian, and then generate

Images are from survey

https://arxiv.org/abs/2302.00487


Recall: GAN

8

Images source: GAN

https://bdtechtalks.com/2018/05/28/generative-adversarial-networks-artificial-intelligence-ian-goodfellow/


Conditioning Determines Synthetic Data 
Quality

9

Images source: GAN

https://learnopencv.com/conditional-gan-cgan-in-pytorch-and-tensorflow/


What Conditioning Does FCL Have?

10

Labels vs. ?



Spatial and Temporal Variation Patterns

11

Spatial variational patterns: Relationships between clients within one task

Temporal variational patterns: Evolution patterns of spatial variational patterns

Images from GAEN

https://www.ijcai.org/proceedings/2021/0213.pdf


Relational-Graph Construction

12

<latexit sha1_base64="XxaTAd1RGWfuaiRvD7JJxGsSmec=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWMC5gHJEmYnvcmY2ZllZlYIS77AiwdFvPpJ3vwbJ4+DioIFDUVVN91dUSq4sb7/4a2srq1vbBa2its7u3v7pYPDllGZZthkSijdiahBwSU2LbcCO6lGmkQC29H4eua371EbruStnaQYJnQoecwZtU5qNPqlclDx5yB/kzIsUe+X3nsDxbIEpWWCGtMN/NSGOdWWM4HTYi8zmFI2pkPsOippgibM54dOyalTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxVZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvi/0JonVeCaqXauCjX/GUcBTiGEziDAC6hBjdQhyYwQHiAJ3j27rxH78V7XbSueMuZI/gG7+0TraqM0Q==</latexit>

Q

…

Time

Task 1

…

Clients

<latexit sha1_base64="XxaTAd1RGWfuaiRvD7JJxGsSmec=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWMC5gHJEmYnvcmY2ZllZlYIS77AiwdFvPpJ3vwbJ4+DioIFDUVVN91dUSq4sb7/4a2srq1vbBa2its7u3v7pYPDllGZZthkSijdiahBwSU2LbcCO6lGmkQC29H4eua371EbruStnaQYJnQoecwZtU5qNPqlclDx5yB/kzIsUe+X3nsDxbIEpWWCGtMN/NSGOdWWM4HTYi8zmFI2pkPsOippgibM54dOyalTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxVZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvi/0JonVeCaqXauCjX/GUcBTiGEziDAC6hBjdQhyYwQHiAJ3j27rxH78V7XbSueMuZI/gG7+0TraqM0Q==</latexit>

Q

… …

Server

<latexit sha1_base64="cJHhYq9qJujB6qp+7LzwEvpEwOQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdCLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlAgFo2ilh8ZADMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u6vK3U3j6MIZ3AOl+DBDdThDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPw36jZw=</latexit>

Ci
<latexit sha1_base64="cJHhYq9qJujB6qp+7LzwEvpEwOQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdCLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlAgFo2ilh8ZADMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u6vK3U3j6MIZ3AOl+DBDdThDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPw36jZw=</latexit>

Ci
<latexit sha1_base64="cJHhYq9qJujB6qp+7LzwEvpEwOQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdCLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMGnO/88S1EbF6xGnC/YiOlAgFo2ilh8ZADMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqler1u6vK3U3j6MIZ3AOl+DBDdThDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPw36jZw=</latexit>

Ci
<latexit sha1_base64="XxaTAd1RGWfuaiRvD7JJxGsSmec=">AAAB6HicjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWMC5gHJEmYnvcmY2ZllZlYIS77AiwdFvPpJ3vwbJ4+DioIFDUVVN91dUSq4sb7/4a2srq1vbBa2its7u3v7pYPDllGZZthkSijdiahBwSU2LbcCO6lGmkQC29H4eua371EbruStnaQYJnQoecwZtU5qNPqlclDx5yB/kzIsUe+X3nsDxbIEpWWCGtMN/NSGOdWWM4HTYi8zmFI2pkPsOippgibM54dOyalTBiRW2pW0ZK5+nchpYswkiVxnQu3I/PRm4m9eN7PxVZhzmWYWJVssijNBrCKzr8mAa2RWTByhTHN3K2EjqimzLpvi/0JonVeCaqXauCjX/GUcBTiGEziDAC6hBjdQhyYwQHiAJ3j27rxH78V7XbSueMuZI/gG7+0TraqM0Q==</latexit>

Q
<latexit sha1_base64="2ML2b1iuA7pNJrpNCIz7mm4mF98=">AAAB63icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCHjxWsB/QhjLZbtqlm03YnQgl9C948aCIV/+QN/+NmzYHrT4YeLw3w8y8IJHCoOt+OaW19Y3NrfJ2ZWd3b/+genjUMXGqGW+zWMa6F4DhUijeRoGS9xLNIQok7wbTm9zvPnJtRKwecJZwP4KxEqFggLl0CwjDas2tuwvQv8QrSI0UaA2rn4NRzNKIK2QSjOl7boJ+BhoFk3xeGaSGJ8CmMOZ9SxVE3PjZ4tY5PbPKiIaxtqWQLtSfExlExsyiwHZGgBOz6uXif14/xfDaz4RKUuSKLReFqaQY0/xxOhKaM5QzS4BpYW+lbAIaGNp4KjYEb/Xlv6RzUfca9cb9Za3pFnGUyQk5JefEI1ekSe5Ii7QJIxPyRF7IqxM5z86b875sLTnFzDH5BefjG9w7jhU=</latexit>

Data
<latexit sha1_base64="2ML2b1iuA7pNJrpNCIz7mm4mF98=">AAAB63icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCHjxWsB/QhjLZbtqlm03YnQgl9C948aCIV/+QN/+NmzYHrT4YeLw3w8y8IJHCoOt+OaW19Y3NrfJ2ZWd3b/+genjUMXGqGW+zWMa6F4DhUijeRoGS9xLNIQok7wbTm9zvPnJtRKwecJZwP4KxEqFggLl0CwjDas2tuwvQv8QrSI0UaA2rn4NRzNKIK2QSjOl7boJ+BhoFk3xeGaSGJ8CmMOZ9SxVE3PjZ4tY5PbPKiIaxtqWQLtSfExlExsyiwHZGgBOz6uXif14/xfDaz4RKUuSKLReFqaQY0/xxOhKaM5QzS4BpYW+lbAIaGNp4KjYEb/Xlv6RzUfca9cb9Za3pFnGUyQk5JefEI1ekSe5Ii7QJIxPyRF7IqxM5z86b875sLTnFzDH5BefjG9w7jhU=</latexit>

Data
<latexit sha1_base64="2ML2b1iuA7pNJrpNCIz7mm4mF98=">AAAB63icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseCHjxWsB/QhjLZbtqlm03YnQgl9C948aCIV/+QN/+NmzYHrT4YeLw3w8y8IJHCoOt+OaW19Y3NrfJ2ZWd3b/+genjUMXGqGW+zWMa6F4DhUijeRoGS9xLNIQok7wbTm9zvPnJtRKwecJZwP4KxEqFggLl0CwjDas2tuwvQv8QrSI0UaA2rn4NRzNKIK2QSjOl7boJ+BhoFk3xeGaSGJ8CmMOZ9SxVE3PjZ4tY5PbPKiIaxtqWQLtSfExlExsyiwHZGgBOz6uXif14/xfDaz4RKUuSKLReFqaQY0/xxOhKaM5QzS4BpYW+lbAIaGNp4KjYEb/Xlv6RzUfca9cb9Za3pFnGUyQk5JefEI1ekSe5Ii7QJIxPyRF7IqxM5z86b875sLTnFzDH5BefjG9w7jhU=</latexit>

Data

Attentions

Classifier:

<latexit sha1_base64="9jAFp5kDVPRLD+yJ8Wfz0YLBq90=">AAAB6nicdVDLSgNBEOyNrxgfiXr0MhgET2FXQuLeAh4UvEQ0D0jWMDuZTYbMzi4zs0JYAv6AFw+KePWLvPk3Th5CFC1oKKq66e7yY86Utu1PK7Oyura+kd3MbW3v7OYLe/tNFSWS0AaJeCTbPlaUM0EbmmlO27GkOPQ5bfmj86nfuqdSsUjc6nFMvRAPBAsYwdpINxd3Tq9QtEv2DGiJuK5bLbvIWShFWKDeK3x0+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzUyfo2Ch9FETSlNBopi5PpDhUahz6pjPEeqh+e1PxL6+T6ODMS5mIE00FmS8KEo50hKZ/oz6TlGg+NgQTycytiAyxxESbdHImhO9P0f+keVpyKqXKdblYu3qYx5GFQziCE3CgCjW4hDo0gMAAHuEZXixuPVmv1tu8NWMtIjyAH7DevwAuM44x</latexit>

G1

Task 2 Task 3

<latexit sha1_base64="Eq5JvLSGQCa/JrU5KU5f/osHCTU=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKeyGkLi3gAcFLxHNA5I1zE5mkyGzs8vMrBCWgD/gxYMiXv0ib/6Nk4cQRQsaiqpuurv8mDOlbfvTyqysrq1vZDdzW9s7u3v5/YOmihJJaINEPJJtHyvKmaANzTSn7VhSHPqctvzR+dRv3VOpWCRu9TimXogHggWMYG2km4u7Ui9fsIv2DGiJuK5bLbvIWSgFWKDey390+xFJQio04VipjmPH2kux1IxwOsl1E0VjTEZ4QDuGChxS5aWzUyfoxCh9FETSlNBopi5PpDhUahz6pjPEeqh+e1PxL6+T6ODMS5mIE00FmS8KEo50hKZ/oz6TlGg+NgQTycytiAyxxESbdHImhO9P0f+kWSo6lWLlulyoXT3M48jCERzDKThQhRpcQh0aQGAAj/AMLxa3nqxX623emrEWER7CD1jvXy+3jjI=</latexit>

G2
<latexit sha1_base64="DKYSpvucGVEyX3s0t3BRdIZ7Smc=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKexqSNxbwIOCl4jmAckaZiezyZDZ2WVmVghLwB/w4kERr36RN//GyUOIogUNRVU33V1+zJnStv1pZZaWV1bXsuu5jc2t7Z387l5DRYkktE4iHsmWjxXlTNC6ZprTViwpDn1Om/7wfOI376lULBK3ehRTL8R9wQJGsDbSzcXdaTdfsIv2FGiBuK5bKbnImSsFmKPWzX90ehFJQio04ViptmPH2kux1IxwOs51EkVjTIa4T9uGChxS5aXTU8foyCg9FETSlNBoqi5OpDhUahT6pjPEeqB+exPxL6+d6ODMS5mIE00FmS0KEo50hCZ/ox6TlGg+MgQTycytiAywxESbdHImhO9P0f+kcVJ0ysXydalQvXqYxZGFAziEY3CgAlW4hBrUgUAfHuEZXixuPVmv1tusNWPNI9yHH7DevwAxO44z</latexit>

G3

Server Server
<latexit sha1_base64="bA44UB7ZwdcUUw0CpTS9DeXQ/NA=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lKac2t4EXwUsG0hRrLZrtpl242YXejlFDwH3jxoIhXf5A3/43bD6GKPhh4vDfDzLwg4Uxp2/60ciura+sb+c3C1vbO7l5x/6Cl4lQS6pGYx7ITYEU5E9TTTHPaSSTFUcBpOxidT/32HZWKxeJajxPqR3ggWMgI1kby7m8rPdYrluyyPQNaIq7r1qsuchZKCRZo9oofN/2YpBEVmnCsVNexE+1nWGpGOJ0UblJFE0xGeEC7hgocUeVns2Mn6MQofRTG0pTQaKYuT2Q4UmocBaYzwnqofntT8S+vm+rwzM+YSFJNBZkvClOOdIymn6M+k5RoPjYEE8nMrYgMscREm3wKJoTvT9H/pFUpO7Vy7apaalw+zOPIwxEcwyk4UIcGXEATPCDA4BGe4cUS1pP1ar3NW3PWIsJD+AHr/Qv0RY8+</latexit>

w2
i

<latexit sha1_base64="8EkTsK/cNbqRO+YAwsUbUDA84d4=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mktOZW8CJ4qWDaQhvLZrtpl242YXejlFDwH3jxoIhXf5A3/43bD6GKPhh4vDfDzLwg4Uxp2/60ciura+sb+c3C1vbO7l5x/6Cp4lQS6pGYx7IdYEU5E9TTTHPaTiTFUcBpKxhdTP3WHZWKxeJGjxPqR3ggWMgI1kby7m+dHusVS3bZngEtEdd1axUXOQulBAs0esWPbj8maUSFJhwr1XHsRPsZlpoRTieFbqpogskID2jHUIEjqvxsduwEnRilj8JYmhIazdTliQxHSo2jwHRGWA/Vb28q/uV1Uh2e+xkTSaqpIPNFYcqRjtH0c9RnkhLNx4ZgIpm5FZEhlphok0/BhPD9KfqfNM/KTrVcva6U6lcP8zjycATHcAoO1KAOl9AADwgweIRneLGE9WS9Wm/z1py1iPAQfsB6/wLyv489</latexit>

w1
i

<latexit sha1_base64="o9nFmO+zv/8XlHPq+KvoLp5Kd6k=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4KomW1twKXgQvFUxbaGPZbDft0s0m7G6UEgr+Ay8eFPHqD/Lmv3H7IVTRBwOP92aYmRcknClt25/W0vLK6tp6biO/ubW9s1vY22+oOJWEeiTmsWwFWFHOBPU005y2EklxFHDaDIYXE795R6VisbjRo4T6Ee4LFjKCtZG8+9uzLusWinbJngItENd1q2UXOXOlCHPUu4WPTi8maUSFJhwr1XbsRPsZlpoRTsf5TqpogskQ92nbUIEjqvxseuwYHRulh8JYmhIaTdXFiQxHSo2iwHRGWA/Ub28i/uW1Ux2e+xkTSaqpILNFYcqRjtHkc9RjkhLNR4ZgIpm5FZEBlphok0/ehPD9KfqfNE5LTqVUuS4Xa1cPszhycAhHcAIOVKEGl1AHDwgweIRneLGE9WS9Wm+z1iVrHuEB/ID1/gX1y48/</latexit>

w3
i

Classifier updates of client i with task k:
<latexit sha1_base64="G/1u12lRZcAHEylfK4l5XBAlrFA=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL4KXRMwDkiXMTnqTIbOzy8ysEJaAH+DFgyJe/SNv/o2Tx0ETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjdTv/WISvNYPphxgn5EB5KHnFFjpft6uVcsuWV3BrJKvAUpwQK1XvGr249ZGqE0TFCtO56bGD+jynAmcFLophoTykZ0gB1LJY1Q+9ns0gk5s0qfhLGyJQ2Zqb8nMhppPY4C2xlRM9TL3lT8z+ukJrz2My6T1KBk80VhKoiJyfRt0ucKmRFjSyhT3N5K2JAqyowNp2BD8JZfXiXNi7JXKVfql6Xq3dM8jjycwCmcgwdXUIVbqEEDGITwDK/w5oycF+fd+Zi35pxFhMfwB87nD0JgjaE=</latexit>

Q.
<latexit sha1_base64="/+oH4o8I3g4EIkaYGhi7hC7s1XE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadkVSTwGvAheIpgHJGuYncwmY2ZnlplZJSwBP8GLB0W8+j/e/Bsnj4MmFjQUVd10d4UJZ9p43reTW1ldW9/Ibxa2tnd294r7Bw0tU0VonUguVSvEmnImaN0ww2krURTHIafNcHg58ZsPVGkmxa0ZJTSIcV+wiBFsrNR47LK7odstljzXmwItE39OSjBHrVv86vQkSWMqDOFY67bvJSbIsDKMcDoudFJNE0yGuE/blgocUx1k02vH6MQqPRRJZUsYNFV/T2Q41noUh7YzxmagF72J+J/XTk10EWRMJKmhgswWRSlHRqLJ66jHFCWGjyzBRDF7KyIDrDAxNqCCDcFffHmZNM5cv+yWb85L1eunWRx5OIJjOAUfKlCFK6hBHQjcwzO8wpsjnRfn3fmYteaceYSH8AfO5w91bY+A</latexit>

wk
i .

Spatial attention:

Temporal attention:

<latexit sha1_base64="Qhii08rOGvwcWPNg4Y2sV24OHfg="></latexit>

ωk
ij = softmaxj

(
a(wk

i , w
k
j )
)
→ (0, 1).

<latexit sha1_base64="riHU6lyJiBQ/cFuXMHir2Q/8CG0="></latexit>

ω
k
ij = softmaxj

(
b(Hk

i , H
k
j ,m)

)
→ (0, 1), where

<latexit sha1_base64="MbOykNuHv+nLsPWzvbwNdj688zQ=">AAACBXicbZBLSwMxFIUz9VXrq+pSF8EiuJBhRqQKUii4KbipYB/Qx5BJM21o5kFyRyjDgLjxr7hxoYhb/4M7/43pY6GtBwIf59yQ3ONGgiuwrG8js7S8srqWXc9tbG5t7+R39+oqjCVlNRqKUDZdopjgAasBB8GakWTEdwVruMPrcd64Z1LxMLiDUcQ6PukH3OOUgLac/GHF4d1hqZ0QJ+GnV2kX2qmTQMlOu0PTyRcs05oIL4I9gwKaqerkv9q9kMY+C4AKolTLtiLoJEQCp4KluXasWETokPRZS2NAfKY6yWSLFB9rp4e9UOoTAJ64v28kxFdq5Lt60icwUPPZ2Pwva8XgXXYSHkQxsIBOH/JigSHE40pwj0tGQYw0ECq5/iumAyIJBV1cTpdgz6+8CPUz0y6axdvzQvnmYVpHFh2gI3SCbHSByqiCqqiGKHpEz+gVvRlPxovxbnxMRzPGrMJ99EfG5w/rNJin</latexit>

H
k
i = {ati,;}kt=1.



Meaning of Relational Graph

13
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Utilize Relational Graphs as Conditioning

14

<latexit sha1_base64="xSvwjiBjWqWmWLLhSktuHCDLrqQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCCB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bbP++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tWru/rNTdPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gARBo2e</latexit>

Ei

<latexit sha1_base64="HPEJsWGxw6dzlvZJctYDvgsuXMA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjQg8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdcvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IQ3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVnxqpVq46pcc/M4CnAKZ3ABHlxDDe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHlZGMwQ==</latexit>

D

<latexit sha1_base64="CTWFfKVOviPP675Gg9jDsxh0JZ0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bbP++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tWru/rNTdPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gASjI2f</latexit>

Fi

<latexit sha1_base64="kOdoFXgPkqXp1QzsA6DFYgBpUp4=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WPOixgq2FdinZ9LUNzWbXJFsoS3+HFw+KePXHePPfmG33oK0DgWHmPd5kglhwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo4SxbDJIhGpdkA1Ci6xabgR2I4V0jAQ+BiMbzL/cYJK80g+mGmMfkiHkg84o8ZKfjekZsSoSG9nPd4rV9yqOwdZJV5OKpCj0St/dfsRS0KUhgmqdcdzY+OnVBnOBM5K3URjTNmYDrFjqaQhaj+dh56RM6v0ySBS9klD5urvjZSGWk/DwE5mIfWyl4n/eZ3EDK79lMs4MSjZ4tAgEcREJGuA9LlCZsTUEsoUt1kJG1FFmbE9lWwJ3vKXV0nrourVqrX7y0rdzesowgmcwjl4cAV1uIMGNIHBEzzDK7w5E+fFeXc+FqMFJ985hj9wPn8A+f6SMg==</latexit>

Gi

Real Data

Noise
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Graph Row

Graph Row

Predicted 
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Predicted 
Graph Row

Local PredictorLocal Encoder

Local Generator Global Discriminator

<latexit sha1_base64="hEhJ3CDS4GwjAXU3jn9H4VX8aeg=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItAzYCDYJmA9IjrC3mUvW7O0du3tCPAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyG1xO/+YBK81jemVGCfkT7koecUWOl2mO3UHRL7hRkmXhzUoQ5qt3CV6cXszRCaZigWrc9NzF+RpXhTOA430k1JpQNaR/blkoaofaz6aFjcmqVHgljZUsaMlV/T2Q00noUBbYzomagF72J+J/XTk145WdcJqlByWaLwlQQE5PJ16THFTIjRpZQpri9lbABVZQZm03ehuAtvrxMGuclr1wq1y6KldunWRw5OIYTOAMPLqECN1CFOjBAeIZXeHPunRfn3fmYta448wiP4A+czx8Vl42S</latexit>z

<latexit sha1_base64="BWU+qprJU9w5H583VVZrcg/HAVQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BEQQvEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLya+M1Hro2I1QOOEu5HtK9EKBhFK91fd0W3WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9fZpFkcejuAYTsGDC6jCDdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QM/JY45</latexit>

Ei

<latexit sha1_base64="atYmRE8rFxHfhJrwo5XyPclIqRA=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLgQsFNBfuAdih30rQNzWTGJFMoQ8G/cONCEbd+jDv/xkzbhbYeuHA4515ycoJYcG1c99tZWV1b39jMbeW3d3b39gsHh3UdJYqyGo1EpJoBaia4ZDXDjWDNWDEMA8EawfA68xsjpjSP5IMZx8wPsS95j1M0VvLbIZoBRZHeTDq8Uyi6JXcKsky8OSnCHNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76TT0hJxapUt6kbIjDZmqvy9SDLUeh4HdzELqRS8T//Naield+SmXcWKYpLOHeokgJiJZA6TLFaNGjC1BqrjNSugAFVJje8rbErzFLy+T+nnJK5fK9xfFyt3TrI4cHMMJnIEHl1CBW6hCDSg8wjO8wpszcl6cd+djtrrizCs8gj9wPn8AKCySzQ==</latexit>

Gi

<latexit sha1_base64="jrWHBYmd4rkw/Ua6UuzSHPExj7c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQQQvEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLya+M1Hro2I1QOOEu5HtK9EKBhFK91fd0W3WHLL7hRkmXhzUoI5at3iV6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyYlVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ46zsVcqVu/NS9fZpFkcejuAYTsGDC6jCDdSgDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QNAq446</latexit>

Fi

<latexit sha1_base64="LdxnmfrOWtkwaF8uIVo4LxeZjlA=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp1ItAxoIdgkYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VajfdQtEtuVOQZeLNSRHmqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sWypphNrPpoeOyalVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhlZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDZ5G4K3+PIyaZyXvHKpXLsoVu6eZnHk4BhO4Aw8uIQK3EIV6sAA4Rle4c15cF6cd+dj1rrizCM8gj9wPn8Aw7CNXA==</latexit>

D

<latexit sha1_base64="fJ1VqblCOrwVtIZV9757wGflm8E=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyItM6u4EZwU8E+oJ2WTJppQzOZIckoZSj4GW5cKOLWf3Hn35hpK1TRAxcO59xLTo4fc6a0bX9auZXVtfWN/GZha3tnd6+4f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj++zPzWHZWKReJWT2LqhXgoWMAI1kbqdUOsR36QDqd91hv3iyW7bM+AlojrutVzFzkLpQQL1PvFj+4gIklIhSYcK9Vx7Fh7KZaaEU6nhW6iaIzJGA9px1CBQ6q8dJZ6ik6MMkBBJM0IjWbq8kWKQ6UmoW82s5Tqt5eJf3mdRAcXXspEnGgqyPyhIOFIRyirAA2YpETziSGYSGayIjLCEhNtiiqYEr5/iv4nzbOyUylXbs5LteuHeR15OIJjOAUHqlCDK6hDAwhIeIRneLHurSfr1Xqbr+asRYWH8APW+xdY95OH</latexit>

gk
i

<latexit sha1_base64="W7pO5LOLT1/ATlmI+c2aE3wolZI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkoiUl0W3AhuKtgHtDFMppN26OTBzI00hIh/4saFIm79EHf+jdPHQlsPXDiccy/33uPFgiuwrG+jsLK6tr5R3Cxtbe/s7pn7By0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1vdHVxG8/MKl4FN5BGjMnIIOQ+5wS0JJrlsduxk97wMaQ6TmR5/cj16xYVWsKvEzsOamgORqu+dXrRzQJWAhUEKW6thWDkxEJnAqWl3qJYjGhIzJgXU1DEjDlZNPjc3yslT72I6krBDxVf09kJFAqDTzdGRAYqkVvIv7ndRPwL52Mh3ECLKSzRX4iMER4kgTuc8koiFQTQiXXt2I6JJJQ0HmVdAj24svLpHVWtWvV2u15pX7zNIujiA7RETpBNrpAdXSNGqiJKErRM3pFb8aj8WK8Gx+z1oIxj7CM/sD4/AGzgZXn</latexit>

xk
i,real

<latexit sha1_base64="vjP59aeux4MeEO9y75C89oTOtfQ=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgRfASwTwgWcPsZDYZMju7zPQKyxLwD7x4UMSrH+TNv3HyOGhiQUNR1U13V5BIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjK4nfuuRayNidY9Zwv2IDpQIBaNopUbWEw+jXqnsVtwpyDLx5qQMc9R7pa9uP2ZpxBUySY3peG6Cfk41Cib5uNhNDU8oG9EB71iqaMSNn0+PHZNTq/RJGGtbCslU/T2R08iYLApsZ0RxaBa9ifif10kxvPJzoZIUuWKzRWEqCcZk8jnpC80ZyswSyrSwtxI2pJoytPkUbQje4svLpHle8aqV6t1FuXb7NIujAMdwAmfgwSXU4Abq0AAGAp7hFd4c5bw4787HrHXFmUd4BH/gfP4AC9GPSg==</latexit>

yki

<latexit sha1_base64="y/6pEwL/n8koOJEY3PJ2IGA7LN4=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhA8hV2R6DHgRfASwTwgWcPsZDYZMjuzzPQKyxLwJ7x4UMSrX+PNv3HyOGhiQUNR1U13V5gIbtDzvp2V1bX1jc3CVnF7Z3dvv3Rw2DQq1ZQ1qBJKt0NimOCSNZCjYO1EMxKHgrXC0fXEbz0ybbiS95glLIjJQPKIU4JW6nSHBPNs3OMPo16p7FW8Kdxl4s9JGeao90pf3b6iacwkUkGM6fhegkFONHIq2LjYTQ1LCB2RAetYKknMTJBPTx67p1bpu5HStiS6U/X3RE5iY7I4tJ0xwaFZ9Cbif14nxegqyLlMUmSSzhZFqXBRuZP/3T7XjKLILCFUc3urS4dEE4o2paINwV98eZk0zyt+tVK9uyjXbp9mcRTgGE7gDHy4hBrcQB0aQEHBM7zCm4POi/PufMxaV5x5hEfwB87nD+A6khc=</latexit>

ŷki

<latexit sha1_base64="IeVgVUG/GFzxWGnBON40R5fG4g8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJVUSmt2BTeCmwr2AU0Mk+mkHTqZhJmJUGJAf8WNC0Xc+hvu/BsnbYUqeuDC4Zx7mTPHjxmVyrI+jcLS8srqWnG9tLG5tb1j7u51ZJQITNo4YpHo+UgSRjlpK6oY6cWCoNBnpOuPz3O/e0uEpBG/VpOYuCEachpQjJSWPPPAGSGVOiFSIz9Ih1nm0Zt0nHlm2apYU8AFYtt2o2bD6lwpgzlanvnhDCKchIQrzJCU/aoVKzdFQlHMSFZyEklihMdoSPqachQS6abT/Bk81soABpHQwxWcqosXKQqlnIS+3syDyt9eLv7l9RMVnLkp5XGiCMezh4KEQRXBvAw4oIJgxSaaICyozgrxCAmEla6spEv4/in8n3ROK9V6pX5VKzcv72d1FMEhOAInoAoaoAkuQAu0AQZ34BE8gxfjwXgyXo232WrBmFe4D37AeP8CkA6XkQ==</latexit>

ĝk
i<latexit sha1_base64="fJ1VqblCOrwVtIZV9757wGflm8E=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyItM6u4EZwU8E+oJ2WTJppQzOZIckoZSj4GW5cKOLWf3Hn35hpK1TRAxcO59xLTo4fc6a0bX9auZXVtfWN/GZha3tnd6+4f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj++zPzWHZWKReJWT2LqhXgoWMAI1kbqdUOsR36QDqd91hv3iyW7bM+AlojrutVzFzkLpQQL1PvFj+4gIklIhSYcK9Vx7Fh7KZaaEU6nhW6iaIzJGA9px1CBQ6q8dJZ6ik6MMkBBJM0IjWbq8kWKQ6UmoW82s5Tqt5eJf3mdRAcXXspEnGgqyPyhIOFIRyirAA2YpETziSGYSGayIjLCEhNtiiqYEr5/iv4nzbOyUylXbs5LteuHeR15OIJjOAUHqlCDK6hDAwhIeIRneLHurSfr1Xqbr+asRYWH8APW+xdY95OH</latexit>

gk
i

<latexit sha1_base64="BZ7QIQiFGiklIc1p9a7Kav5hNQs=">AAACBnicdVDLSgMxFM34rPU16lKEYBFcSJlKaZ1dQQTBTQX7gHYsmTRtQzMPkjtiGQYEN/6KGxeKuPUb3Pk3ZtoKVfTAhcM59yb3HjcUXIFlfRpz8wuLS8uZlezq2vrGprm1XVdBJCmr0UAEsukSxQT3WQ04CNYMJSOeK1jDHZ6mfuOGScUD/wpGIXM80vd5j1MCWuqYe22PwIASEZ8lnZgftYHdQqxfEElyPeyYOStvjYFniG3b5aKNC1Mlh6aodsyPdjegkcd8oIIo1SpYITgxkcCpYEm2HSkWEjokfdbS1CceU048PiPBB1rp4l4gdfmAx+rsREw8pUaeqzvTpdVvLxX/8loR9E6cmPthBMynk496kcAQ4DQT3OWSURAjTQiVXO+K6YBIQkEnl9UhfF+K/yf143yhlC9dFnOVi7tJHBm0i/bRISqgMqqgc1RFNUTRPXpEz+jFeDCejFfjbdI6Z0wj3EE/YLx/AdBVmnU=</latexit>

Ek
i,real

<latexit sha1_base64="aBq9ZALdlhdYYnyIalPARy7Sj/U=">AAACBXicdVDLSgNBEJz1GeMr6lEPg0HwIGEjIXFvAREELxHMA5I1zE4myZDZ2WWmVwzLgnjxV7x4UMSr/+DNv3HyEKJoQUNR1U13lxcKrsG2P625+YXFpeXUSnp1bX1jM7O1XdNBpCir0kAEquERzQSXrAocBGuEihHfE6zuDU5Hfv2GKc0DeQXDkLk+6Une5ZSAkdqZvZZPoE+JiM+SdsyPWsBuIdZDmSTXg3Yma+fsMfAMcRynVHBwfqpk0RSVduaj1Qlo5DMJVBCtm3k7BDcmCjgVLEm3Is1CQgekx5qGSuIz7cbjLxJ8YJQO7gbKlAQ8VmcnYuJrPfQ90zm6Wf/2RuJfXjOC7okbcxlGwCSdLOpGAkOAR5HgDleMghgaQqji5lZM+0QRCia4tAnh+1P8P6kd5/LFXPGykC1f3E3iSKFdtI8OUR6VUBmdowqqIoru0SN6Ri/Wg/VkvVpvk9Y5axrhDvoB6/0LMCyaIQ==</latexit>

Ek
i,syn
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<latexit sha1_base64="oqyH+nLDRUrLttVZVKN/WQ6JAWc=">AAAB8HicjVDLSgNBEOz1GeMr6tHLYBDiwbArEj0G9OAxgnlIsobZyWwyZGZ3mekVwpKv8OJBEa9+jjf/xsnjoKJgQUNR1U13V5BIYdB1P5yFxaXlldXcWn59Y3Nru7Cz2zBxqhmvs1jGuhVQw6WIeB0FSt5KNKcqkLwZDC8mfvOeayPi6AZHCfcV7UciFIyilW4v77ISHntH426h6JXdKcjfpAhz1LqF904vZqniETJJjWl7boJ+RjUKJvk430kNTygb0j5vWxpRxY2fTQ8ek0Or9EgYa1sRkqn6dSKjypiRCmynojgwP72J+JvXTjE89zMRJSnyiM0WhakkGJPJ96QnNGcoR5ZQpoW9lbAB1ZShzSj/vxAaJ2WvUq5cnxar7jyOHOzDAZTAgzOowhXUoA4MFDzAEzw72nl0XpzXWeuCM5/Zg29w3j4BjDuPjQ==</latexit>

D(t→1)

<latexit sha1_base64="ITjJMy/vrOXuV2zDRCNXHERApVI=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoMQL2FXQvQY0IPHCOYByRpmJ7PJkNnZZaZXCEs+wosHRbz6Pd78GyePg4qCBQ1FVTfdXUEihUHX/XByK6tr6xv5zcLW9s7uXnH/oGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GF/O/PY910bE6hYnCfcjOlQiFIyildpXd1kZT6f9YsmruHOQv0kJlmj0i++9QczSiCtkkhrT9dwE/YxqFEzyaaGXGp5QNqZD3rVU0YgbP5ufOyUnVhmQMNa2FJK5+nUio5ExkyiwnRHFkfnpzcTfvG6K4YWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQ4X8htM4qXq1Su6mW6u4yjjwcwTGUwYNzqMM1NKAJDMbwAE/w7CTOo/PivC5ac85y5hC+wXn7BK93jxs=</latexit>

D(t)

Server

Clients …

<latexit sha1_base64="3bIkZ4G1GXMKERRMWgjVdJ3A4NQ=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Qe0oWw2m3bpZhN2J0IJ/QlePCji1V/kzX/jpu1BRcEHA4/3ZpiZF6RSGHTdD6e0srq2vlHerGxt7+zuVfcPOibJNONtlshE9wJquBSKt1Gg5L1UcxoHkneDyVXhd++5NiJRdzhNuR/TkRKRYBStdNsZhsNqzau7c5C/SQ2WaA2r74MwYVnMFTJJjel7bop+TjUKJvmsMsgMTymb0BHvW6pozI2fz0+dkROrhCRKtC2FZK5+nchpbMw0DmxnTHFsfnqF+JvXzzC69HOh0gy5YotFUSYJJqT4m4RCc4ZyagllWthbCRtTTRnadCr/C6FzVvca9cbNea3pLuMowxEcwyl4cAFNuIYWtIHBCB7gCZ4d6Tw6L87rorXkLGcO4Ruct08nvY2t</latexit>

VdDiscriminator Loss

Prediction Loss
<latexit sha1_base64="p/AMaeGEYVAkjg4Ac6OsC3MVdDc=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLx4jmgckS5id9CZDZmeWmVkhLPkELx4U8eoXefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWV1b3yhulra2d3b3yvsHLaMyzbDJlFC6E1GDgktsWm4FdlKNNIkEtqPx1cxv36M2XMk7O0kxTOhQ8pgzap102+qn/XIlqPpzkL9JBZZo9MvvvYFiWYLSMkGN6QZ+asOcasuZwGmplxlMKRvTIXYdlTRBE+bzU6fkxCkDEivtSloyV79O5DQxZpJErjOhdmR+ejPxN6+b2fgyzLlMM4uSLRbFmSBWkdnfZMA1MismjlCmubuVsBHVlFmXTul/IbTOqkGtWrs5r9T9ZRxFOIJjOIUALqAO19CAJjAYwgM8wbMnvEfvxXtdtBa85cwhfIP39gk57Y25</latexit>

Vp

Train D

<latexit sha1_base64="rT4CrMuas3sTzELH6CosPS/ZK+U=">AAAB8nicjVDLSgNBEOyNrxhfUY9eFoMQD4ZdkegxIILHCOYByRpmJ7PJkNmZZaZXCEs+w4sHRbz6Nd78GyePg4qCBQ1FVTfdXWEiuEHP+3ByS8srq2v59cLG5tb2TnF3r2lUqilrUCWUbofEMMElayBHwdqJZiQOBWuFo8up37pn2nAlb3GcsCAmA8kjTglaqXPVG9xlZTzxjye9YsmveDO4f5MSLFDvFd+7fUXTmEmkghjT8b0Eg4xo5FSwSaGbGpYQOiID1rFUkpiZIJudPHGPrNJ3I6VtSXRn6teJjMTGjOPQdsYEh+anNxV/8zopRhdBxmWSIpN0vihKhYvKnf7v9rlmFMXYEkI1t7e6dEg0oWhTKvwvhOZpxa9WqjdnpZq3iCMPB3AIZfDhHGpwDXVoAAUFD/AEzw46j86L8zpvzTmLmX34BuftEwsAkGg=</latexit>

E(t→1)
g

Time

…
<latexit sha1_base64="/CpgVbSPNL08cdFn7TThK4AOg5Q=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9CTxCy3gB48RjALJDH0dHqSJj0L3T1CGPIRXjwo4tXv8ebf2FkEFX1Q8Hiviqp6biS40hh/WKm19Y3NrfR2Zmd3b/8ge3jUUmEsKWvSUISy4xLFBA9YU3MtWCeSjPiuYG13cjn32/dMKh4Gt3oasb5PRgH3OCXaSO2ruySvz2eDbA7btRquFsoI2yWnUikWDMHFC4wd5Nh4gRys0Bhk33vDkMY+CzQVRKmugyPdT4jUnAo2y/RixSJCJ2TEuoYGxGeqnyzOnaEzowyRF0pTgUYL9ftEQnylpr5rOn2ix+q3Nxf/8rqx9qr9hAdRrFlAl4u8WCAdovnvaMglo1pMDSFUcnMromMiCdUmoYwJ4etT9D9pFWynbJdvSrk6XsWRhhM4hTw4UIE6XEMDmkBhAg/wBM9WZD1aL9brsjVlrWaO4Qest08NDo9b</latexit>

D(t)

<latexit sha1_base64="jHfBo6TwKQwvrOOiJbln7HJxavI=">AAAB8HicjVDJSgNBEK1xjXGLevTSGAQPEmZEoseAF48RzCLJEHp6epImvQzdPcIw5Cu8eFDEq5/jzb+xsxxUFHxQ8Hiviqp6UcqZsb7/4S0tr6yurZc2yptb2zu7lb39tlGZJrRFFFe6G2FDOZO0ZZnltJtqikXEaScaX039zj3Vhil5a/OUhgIPJUsYwdZJd+1BEZ+aXE4GlWpQ82dAf5MqLNAcVN77sSKZoNISjo3pBX5qwwJrywink3I/MzTFZIyHtOeoxIKasJgdPEHHTolRorQradFM/TpRYGFMLiLXKbAdmZ/eVPzN62U2uQwLJtPMUknmi5KMI6vQ9HsUM02J5bkjmGjmbkVkhDUm1mVU/l8I7bNaUK/Vb86rDX8RRwkO4QhOIIALaMA1NKEFBAQ8wBM8e9p79F6813nrkreYOYBv8N4+Adj8kGc=</latexit>

Vd,syn

<latexit sha1_base64="nwVVHRKWTAsrnJVQoJs2K3Ow1Rk=">AAAB8HicjVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXjxGMA9JljA7mU2GzMwuM71CWPIVXjwo4tXP8ebfOHkcVBQsaCiquunuilIpLPr+h7e0vLK6tl7YKG5ube/slvb2mzbJDOMNlsjEtCNquRSaN1Cg5O3UcKoiyVvR6Grqt+65sSLRtzhOeajoQItYMIpOumv28vTUjvWkVyoHFX8G8jcpwwL1Xum9209YprhGJqm1ncBPMcypQcEknxS7meUpZSM64B1HNVXchvns4Ak5dkqfxIlxpZHM1K8TOVXWjlXkOhXFof3pTcXfvE6G8WWYC51myDWbL4ozSTAh0+9JXxjOUI4docwIdythQ2ooQ5dR8X8hNM8qQbVSvTkv1/xFHAU4hCM4gQAuoAbXUIcGMFDwAE/w7Bnv0XvxXuetS95i5gC+wXv7BOtokHM=</latexit>

Vp,syn

<latexit sha1_base64="2gZ1XRx1cRzaWc/lNlZ8Q/iqhSQ=">AAAB+nicdVDLSgNBEJz1GeNr1aOXwSB4kGU2iYneAl48RjAqJOsyO5mNQ2YfzPSqYc2nePGgiFe/xJt/4+QhqGhBQ1HVTXdXkEqhgZAPa2Z2bn5hsbBUXF5ZXVu3NzbPdZIpxlsskYm6DKjmUsS8BQIkv0wVp1Eg+UXQPx75FzdcaZHEZzBIuRfRXixCwSgYybc37vZxB/gdBGHeG171feHbJeIcHZHDcg0Tp+rW65WyIaRyQIiLXYeMUUJTNH37vdNNWBbxGJikWrddkoKXUwWCST4sdjLNU8r6tMfbhsY04trLx6cP8a5RujhMlKkY8Fj9PpHTSOtBFJjOiMK1/u2NxL+8dgbhoZeLOM2Ax2yyKMwkhgSPcsBdoTgDOTCEMiXMrZhdU0UZmLSKJoSvT/H/5LzsuDWndlotNcg0jgLaRjtoD7mojhroBDVRCzF0ix7QE3q27q1H68V6nbTOWNOZLfQD1tsnkFWULg==</latexit>

x,gk
i

<latexit sha1_base64="9zV+NdD6qz4xwO/LhF2ndS/1Kyo=">AAAB/3icdVDLSgNBEJz1GeNrVfDiZTAIHmSZTTQxt4AXjxGMCkkMs5PZOGb2wUyvGNc9+CtePCji1d/w5t84iRFUtKChqOqmu8uLpdBAyLs1MTk1PTObm8vPLywuLdsrqyc6ShTjDRbJSJ15VHMpQt4AAZKfxYrTwJP81OsfDP3TK660iMJjGMS8HdBeKHzBKBipY6/f7Ax2WsCvwfPTXnaeXmadVGQdu0CcapXsF8uYOLtupVIqGkJKe4S42HXICAU0Rr1jv7W6EUsCHgKTVOumS2Jop1SBYJJn+VaieUxZn/Z409CQBly309H9Gd4yShf7kTIVAh6p3ydSGmg9CDzTGVC40L+9ofiX10zA32+nIowT4CH7XOQnEkOEh2HgrlCcgRwYQpkS5lbMLqiiDExkeRPC16f4f3JSdNyyUz7aLdTIOI4c2kCbaBu5qIJq6BDVUQMxdIvu0SN6su6sB+vZevlsnbDGM2voB6zXDy2zltY=</latexit>

z, y,gj
i

<latexit sha1_base64="8mhKw8S3Cj1rRqaxLwg7Gkp0rLg=">AAAB/nicjVDLSsNAFJ3UV62vqLhyM1iEurAkItVlwYUuK9gHtDFMptN26GQSZm6EEgL+ihsXirj1O9z5N07aLlQUPHDhcM693MMJYsE1OM6HVVhYXFpeKa6W1tY3Nrfs7Z2WjhJFWZNGIlKdgGgmuGRN4CBYJ1aMhIFg7WB8kfvtO6Y0j+QNTGLmhWQo+YBTAkby7b1eSGBEiUgvM394m1bg2D3KfLvsVp0p8N+kjOZo+PZ7rx/RJGQSqCBad10nBi8lCjgVLCv1Es1iQsdkyLqGShIy7aXT+Bk+NEofDyJlRgKeql8vUhJqPQkDs5mH1T+9XPzN6yYwOPdSLuMEmKSzR4NEYIhw3gXuc8UoiIkhhCpusmI6IopQMI2V/ldC66Tq1qq169Ny3ZnXUUT76ABVkIvOUB1doQZqIopS9ICe0LN1bz1aL9brbLVgzW920TdYb5+OlpUt</latexit>

G(t→1)
g

<latexit sha1_base64="JxXoBijXKvRfigchHjumnAG6TZU="></latexit>

{E(t)
i }i→[N ],

{G(t)
i }i→[N ],

{F (t)
i }i→[N ]

<latexit sha1_base64="sLQgF3d6+HnYnohg/vD0lKlv0ug="></latexit>

Ej
i,syn

<latexit sha1_base64="BzRvMOKZxaV+NGxvcbdfm2ugoyA="></latexit>

Ek
i,real
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Before Training

<latexit sha1_base64="PnxSMa3SEmXBJR734xnuNUhX+8E="></latexit>

p
(
gk
i | Ek

i,real

)

<latexit sha1_base64="PnxSMa3SEmXBJR734xnuNUhX+8E="></latexit>

p
(
gk
i | Ek

i,real

) <latexit sha1_base64="PnxSMa3SEmXBJR734xnuNUhX+8E="></latexit>

p
(
gk
i | Ek

i,real

)

<latexit sha1_base64="zpd9tpsSAffFeF+pRQpjDuf2oY4="></latexit>

E[gk
i |Ek

i,real] = E[gk
i |Ek

i,syn] = E[gk
i ] = g→.

<latexit sha1_base64="PnxSMa3SEmXBJR734xnuNUhX+8E="></latexit>

p
(
gk
i | Ek

i,real

)

<latexit sha1_base64="Yh/ExFWFdMk+KBT+ThVv1fn+9BE=">AAACD3icbZDLSsNAFIZPvNZ6i7p0M1gUF1ISkeqy4EYoSAV7gSaUyXTaDp1MwsxEKKHgA7jxVdy4UMStW3e+jdO0iLb+MPDznTOcc/4g5kxpx/myFhaXlldWc2v59Y3NrW17Z7euokQSWiMRj2QzwIpyJmhNM81pM5YUhwGnjWBwOa437qhULBK3ehhTP8Q9wbqMYG1Q2z7yupHEnKOUjTwmWtf+CfpBgwxVDGrbBafoZELzxp2aAkxVbdufXiciSUiFJhwr1XKdWPsplpoRTkd5L1E0xmSAe7RlrMAhVX6a3TNCh4Z0kNnCPKFRRn//SHGo1DAMTGeIdV/N1sbwv1or0d0LP2UiTjQVZDKom3CkIzQOB3WYpETzoTGYSGZ2RaSPJSbaRJg3IbizJ8+b+mnRLRVLN2eFcuV+EkcO9uEAjsGFcyjDFVShBgQe4Ale4NV6tJ6tN+t90rpgTSPcgz+yPr4BFvecfg==</latexit>

→i ↑ [N ], →k ↑ [K],Mean Alignment:

Training

After Training



Higher-Order Alignment
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<latexit sha1_base64="PnxSMa3SEmXBJR734xnuNUhX+8E="></latexit>

p
(
gk
i | Ek

i,real

)

<latexit sha1_base64="zpd9tpsSAffFeF+pRQpjDuf2oY4="></latexit>

E[gk
i |Ek

i,real] = E[gk
i |Ek

i,syn] = E[gk
i ] = g→.

<latexit sha1_base64="A9NwxAeeZpm5U30jEn5XbwRUIY0=">AAACE3icbVDLSgMxFM3UV62vqks3wSKIizJTpIqrggsFi1SwD+gM5U6atqGZzJBkxDIU/AQ3/oobF4q4dePOvzF9LLT1wIXDOTfcnONHnClt299WamFxaXklvZpZW9/Y3Mpu79RUGEtCqyTkoWz4oChnglY105w2Ikkh8Dmt+/3zkV+/o1KxUNzqQUS9ALqCdRgBbaRW9sgNQPcI8KQ8bLXPcLlVwK4OzdB7nVxArBQDga/Lxs7m7Lw9Bp4nzpTk0BSVVvbLbYckDqjQhINSTceOtJeA1IxwOsy4saIRkD50adNQAQFVXjLONMQHRmnjTijNCI3H6u8XCQRKDQLfbI4SqFlvJP7nNWPdOfUSJqJYU0Emhzoxxyb0qCDcZpISzQeGAJHM/BWTHkgg2tSYMSU4s5HnSa2Qd4r54s1xrnT1MKkjjfbQPjpEDjpBJXSJKqiKCHpEz+gVvVlP1ov1bn1MVlPWtMJd9AfW5w80eJ4w</latexit>

Ld : L2 → Gaussian NLL

<latexit sha1_base64="PnxSMa3SEmXBJR734xnuNUhX+8E="></latexit>

p
(
gk
i | Ek

i,real

)

<latexit sha1_base64="PnxSMa3SEmXBJR734xnuNUhX+8E="></latexit>

p
(
gk
i | Ek

i,real

)<latexit sha1_base64="PnxSMa3SEmXBJR734xnuNUhX+8E="></latexit>

p
(
gk
i | Ek

i,real

)

Mean and Variance Alignment

<latexit sha1_base64="Yh/ExFWFdMk+KBT+ThVv1fn+9BE=">AAACD3icbZDLSsNAFIZPvNZ6i7p0M1gUF1ISkeqy4EYoSAV7gSaUyXTaDp1MwsxEKKHgA7jxVdy4UMStW3e+jdO0iLb+MPDznTOcc/4g5kxpx/myFhaXlldWc2v59Y3NrW17Z7euokQSWiMRj2QzwIpyJmhNM81pM5YUhwGnjWBwOa437qhULBK3ehhTP8Q9wbqMYG1Q2z7yupHEnKOUjTwmWtf+CfpBgwxVDGrbBafoZELzxp2aAkxVbdufXiciSUiFJhwr1XKdWPsplpoRTkd5L1E0xmSAe7RlrMAhVX6a3TNCh4Z0kNnCPKFRRn//SHGo1DAMTGeIdV/N1sbwv1or0d0LP2UiTjQVZDKom3CkIzQOB3WYpETzoTGYSGZ2RaSPJSbaRJg3IbizJ8+b+mnRLRVLN2eFcuV+EkcO9uEAjsGFcyjDFVShBgQe4Ale4NV6tJ6tN+t90rpgTSPcgz+yPr4BFvecfg==</latexit>

→i ↑ [N ], →k ↑ [K],Mean Alignment:



Main Results
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Visualization of Groups in US-States
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Analysis: Replay Budget
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Replay budget influences model performance



Analysis: Communication Overhead
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E F D Q encoding

GFedCL
AF-FCL

FedAvg-Adv
FedAvg-Vanilla

0 100

(a) Uploading

0 100

(b) Downloading

                          Volume (MB) Volume (MB)



Limitation and Discussions
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- No quantitative way to support the priority of using graphs as conditioning 

- Graph is not general enough 

Limitations

However, it shows that

- FCL has many auxiliary conditioning beyond labels

- The information structure in CL matters 
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