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Textual Networks
• Networks with textual information as attributes from each node.

• Examples:
• Citation Networks

• Social Networks
I am a NLP
reseacher

I apply deep 
learning into 

NLP

I am studying 
deep learning

• Tasks on textual networks:

• Link Prediction

• Node Classification

• Etc.
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Textual Network Embedding

• Textual Embedding:

• Network (Structural) Embedding:

• Textual Network Embedding:
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Dynamic Textual Network Embedding
• Textual Networks are always changing:

• For text:
• Textual information can be modified, e.g., user profile changes

• For network connection:
• Unseen nodes come, e.g., new user registers.
• Connection changes, e.g., people begin or lose relationships.

• How to speedily update the nework embeddings when network 
changes?



Objective
• We aim to update the embeddings when networks change,

without re-training the whole model.

• For textual embedding: 
Inductively learn a universal text encoder.

• For structural embedding:
Previous methods require re-train all the structural embeddings.

• We address this problem from a Bayesian Deep Learning perspective.



Main Idea
• We treat structural embeddings in the same network 

as samples from the same distribution.

• We provide a Gaussian prior to the structural embeddings

• When network changes, 
we dynamically update the structural embeddings

by calculating the posterior distribution via the Bayes’s rule.



Gaussian Process
• Define latent signal function                                                     

over textual embedding       ,                   is a kernel function.

• Propagate               on the network by random walk.

• We use the propagated signals as the prior of structural embeddings.

f(x) ⇠ GP(0, k(x,x0))
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x
<latexit sha1_base64="d8IWe4fFex7fjzsGeYDo6t+ycI4=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxjKC+YDkCHubvWTN7t6xuyeGI/gXbLW3E1t/i62/xL3kCpP4YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfgm89uPVGkWyXsziakv8FCykBFsrNTqBSJ9mvbLFbfqzoBWiZeTCuRo9Ms/vUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X46u3aKzqwyQGGkbEmDZurfiRQLrScisJ0Cm5Fe9jLxP6+bmPDKT5mME0MlmS8KE45MhLLX0YApSgyfWIKJYvZWREZYYWJsQKWFNYHIQvGWI1glrYuq51a9u8tK/TqPpwgncArn4EEN6nALDWgCgQd4gVd4c56dd+fD+Zy3Fpx85hgW4Hz9Ai1Hlfc=</latexit><latexit sha1_base64="d8IWe4fFex7fjzsGeYDo6t+ycI4=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxjKC+YDkCHubvWTN7t6xuyeGI/gXbLW3E1t/i62/xL3kCpP4YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfgm89uPVGkWyXsziakv8FCykBFsrNTqBSJ9mvbLFbfqzoBWiZeTCuRo9Ms/vUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X46u3aKzqwyQGGkbEmDZurfiRQLrScisJ0Cm5Fe9jLxP6+bmPDKT5mME0MlmS8KE45MhLLX0YApSgyfWIKJYvZWREZYYWJsQKWFNYHIQvGWI1glrYuq51a9u8tK/TqPpwgncArn4EEN6nALDWgCgQd4gVd4c56dd+fD+Zy3Fpx85hgW4Hz9Ai1Hlfc=</latexit><latexit sha1_base64="d8IWe4fFex7fjzsGeYDo6t+ycI4=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxjKC+YDkCHubvWTN7t6xuyeGI/gXbLW3E1t/i62/xL3kCpP4YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfgm89uPVGkWyXsziakv8FCykBFsrNTqBSJ9mvbLFbfqzoBWiZeTCuRo9Ms/vUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X46u3aKzqwyQGGkbEmDZurfiRQLrScisJ0Cm5Fe9jLxP6+bmPDKT5mME0MlmS8KE45MhLLX0YApSgyfWIKJYvZWREZYYWJsQKWFNYHIQvGWI1glrYuq51a9u8tK/TqPpwgncArn4EEN6nALDWgCgQd4gVd4c56dd+fD+Zy3Fpx85hgW4Hz9Ai1Hlfc=</latexit><latexit sha1_base64="d8IWe4fFex7fjzsGeYDo6t+ycI4=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxjKC+YDkCHubvWTN7t6xuyeGI/gXbLW3E1t/i62/xL3kCpP4YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfgm89uPVGkWyXsziakv8FCykBFsrNTqBSJ9mvbLFbfqzoBWiZeTCuRo9Ms/vUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X46u3aKzqwyQGGkbEmDZurfiRQLrScisJ0Cm5Fe9jLxP6+bmPDKT5mME0MlmS8KE45MhLLX0YApSgyfWIKJYvZWREZYYWJsQKWFNYHIQvGWI1glrYuq51a9u8tK/TqPpwgncArn4EEN6nALDWgCgQd4gVd4c56dd+fD+Zy3Fpx85hgW4Hz9Ai1Hlfc=</latexit> k(·, ·)

<latexit sha1_base64="vIHpN9WdkaD1lzRyK+FO4eVW/gM=">AAACCHicbVDLSsNAFJ34rPXRqEs3g0WoICURQZdFNy4r2Ae0oUwmk3boPMLMRCihP+AvuNW9O3HrX7j1S5ymWdjWA5d7OOde7uWECaPaeN63s7a+sbm1Xdop7+7tH1Tcw6O2lqnCpIUlk6obIk0YFaRlqGGkmyiCeMhIJxzfzfzOE1GaSvFoJgkJOBoKGlOMjJUGbmVc6+NImguYt/OBW/XqXg64SvyCVEGB5sD96UcSp5wIgxnSuud7iQkypAzFjEzL/VSTBOExGpKepQJxooMsf3wKz6wSwVgqW8LAXP27kSGu9YSHdpIjM9LL3kz8z+ulJr4JMiqS1BCB54filEEj4SwFGFFFsGETSxBW1P4K8QgphI3NqrxwJuRTG4q/HMEqaV/Wfa/uP1xVG7dFPCVwAk5BDfjgGjTAPWiCFsAgBS/gFbw5z8678+F8zkfXnGLnGCzA+foF+QSY+w==</latexit><latexit sha1_base64="vIHpN9WdkaD1lzRyK+FO4eVW/gM=">AAACCHicbVDLSsNAFJ34rPXRqEs3g0WoICURQZdFNy4r2Ae0oUwmk3boPMLMRCihP+AvuNW9O3HrX7j1S5ymWdjWA5d7OOde7uWECaPaeN63s7a+sbm1Xdop7+7tH1Tcw6O2lqnCpIUlk6obIk0YFaRlqGGkmyiCeMhIJxzfzfzOE1GaSvFoJgkJOBoKGlOMjJUGbmVc6+NImguYt/OBW/XqXg64SvyCVEGB5sD96UcSp5wIgxnSuud7iQkypAzFjEzL/VSTBOExGpKepQJxooMsf3wKz6wSwVgqW8LAXP27kSGu9YSHdpIjM9LL3kz8z+ulJr4JMiqS1BCB54filEEj4SwFGFFFsGETSxBW1P4K8QgphI3NqrxwJuRTG4q/HMEqaV/Wfa/uP1xVG7dFPCVwAk5BDfjgGjTAPWiCFsAgBS/gFbw5z8678+F8zkfXnGLnGCzA+foF+QSY+w==</latexit><latexit sha1_base64="vIHpN9WdkaD1lzRyK+FO4eVW/gM=">AAACCHicbVDLSsNAFJ34rPXRqEs3g0WoICURQZdFNy4r2Ae0oUwmk3boPMLMRCihP+AvuNW9O3HrX7j1S5ymWdjWA5d7OOde7uWECaPaeN63s7a+sbm1Xdop7+7tH1Tcw6O2lqnCpIUlk6obIk0YFaRlqGGkmyiCeMhIJxzfzfzOE1GaSvFoJgkJOBoKGlOMjJUGbmVc6+NImguYt/OBW/XqXg64SvyCVEGB5sD96UcSp5wIgxnSuud7iQkypAzFjEzL/VSTBOExGpKepQJxooMsf3wKz6wSwVgqW8LAXP27kSGu9YSHdpIjM9LL3kz8z+ulJr4JMiqS1BCB54filEEj4SwFGFFFsGETSxBW1P4K8QgphI3NqrxwJuRTG4q/HMEqaV/Wfa/uP1xVG7dFPCVwAk5BDfjgGjTAPWiCFsAgBS/gFbw5z8678+F8zkfXnGLnGCzA+foF+QSY+w==</latexit><latexit sha1_base64="vIHpN9WdkaD1lzRyK+FO4eVW/gM=">AAACCHicbVDLSsNAFJ34rPXRqEs3g0WoICURQZdFNy4r2Ae0oUwmk3boPMLMRCihP+AvuNW9O3HrX7j1S5ymWdjWA5d7OOde7uWECaPaeN63s7a+sbm1Xdop7+7tH1Tcw6O2lqnCpIUlk6obIk0YFaRlqGGkmyiCeMhIJxzfzfzOE1GaSvFoJgkJOBoKGlOMjJUGbmVc6+NImguYt/OBW/XqXg64SvyCVEGB5sD96UcSp5wIgxnSuud7iQkypAzFjEzL/VSTBOExGpKepQJxooMsf3wKz6wSwVgqW8LAXP27kSGu9YSHdpIjM9LL3kz8z+ulJr4JMiqS1BCB54filEEj4SwFGFFFsGETSxBW1P4K8QgphI3NqrxwJuRTG4q/HMEqaV/Wfa/uP1xVG7dFPCVwAk5BDfjgGjTAPWiCFsAgBS/gFbw5z8678+F8zkfXnGLnGCzA+foF+QSY+w==</latexit>

f(x)
<latexit sha1_base64="Y4FeKTfdv1BIDSCRPCyw1asn43U=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0DJoYxnBfEhyhL3NXrJkd+/Y3RPDcY1/wVZ7O7H1n9j6S9wkV5jEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxuJn7rkSrNInlvxjH1BR5IFjKCjZUewko3EOlTdtYrld2qOwVaJl5OypCj3iv9dPsRSQSVhnCsdcdzY+OnWBlGOM2K3UTTGJMRHtCOpRILqv10enCGTq3SR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeGVnzIZJ4ZKMlsUJhyZCE2+R32mKDF8bAkmitlbERlihYmxGRXn1gQis6F4ixEsk+Z51XOr3t1FuXadx1OAYziBCnhwCTW4hTo0gICAF3iFN+fZeXc+nM9Z64qTzxzBHJyvX8QFlsw=</latexit><latexit sha1_base64="Y4FeKTfdv1BIDSCRPCyw1asn43U=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0DJoYxnBfEhyhL3NXrJkd+/Y3RPDcY1/wVZ7O7H1n9j6S9wkV5jEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxuJn7rkSrNInlvxjH1BR5IFjKCjZUewko3EOlTdtYrld2qOwVaJl5OypCj3iv9dPsRSQSVhnCsdcdzY+OnWBlGOM2K3UTTGJMRHtCOpRILqv10enCGTq3SR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeGVnzIZJ4ZKMlsUJhyZCE2+R32mKDF8bAkmitlbERlihYmxGRXn1gQis6F4ixEsk+Z51XOr3t1FuXadx1OAYziBCnhwCTW4hTo0gICAF3iFN+fZeXc+nM9Z64qTzxzBHJyvX8QFlsw=</latexit><latexit sha1_base64="Y4FeKTfdv1BIDSCRPCyw1asn43U=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0DJoYxnBfEhyhL3NXrJkd+/Y3RPDcY1/wVZ7O7H1n9j6S9wkV5jEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxuJn7rkSrNInlvxjH1BR5IFjKCjZUewko3EOlTdtYrld2qOwVaJl5OypCj3iv9dPsRSQSVhnCsdcdzY+OnWBlGOM2K3UTTGJMRHtCOpRILqv10enCGTq3SR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeGVnzIZJ4ZKMlsUJhyZCE2+R32mKDF8bAkmitlbERlihYmxGRXn1gQis6F4ixEsk+Z51XOr3t1FuXadx1OAYziBCnhwCTW4hTo0gICAF3iFN+fZeXc+nM9Z64qTzxzBHJyvX8QFlsw=</latexit><latexit sha1_base64="V7F30nWMHAQhmUOen+7xA7xslDc=">AAAB6XicbZBLSwMxFIXv1Fcdq9a1m2ARXJUZN7oU3LisYB/QDiWTudOGJpkhyRTL0D/g1r078Te59ZeYPha29UDgcE7CvfniXHBjg+Dbq+ztHxweVY/9k5p/enZer3VMVmiGbZaJTPdialBwhW3LrcBerpHKWGA3njwu+u4UteGZerGzHCNJR4qnnFHrotaw3giawVJk14Rr04C1hvWfQZKxQqKyTFBj+mGQ26ik2nImcO4PCoM5ZRM6wr6ziko0Ublcc06uXZKQNNPuKEuW6d8XJZXGzGTsbkpqx2a7W4T/df3CpvdRyVVeWFRsNSgtBLEZWfyZJFwjs2LmDGWau10JG1NNmXVk/I0xsZw7JuE2gV3TuW2GQTN8DqAKl3AFNxDCHTzAE7SgDQwSeIN379X78D5X7CreGuIFbMj7+gX/LZDO</latexit><latexit sha1_base64="9jWrpYWa0Cs07BMzsJfoO+fqCow=">AAAB9XicbZBLSwMxFIXv+Ky1anXrJliEuikzbnQpuHFZwT6kHUomvdOGJpkhyYhl6Ma/4Fb37sSf49ZfYvpY2NYDgcM5Cffmi1LBjfX9b29jc2t7Z7ewV9wvHRwelY9LTZNkmmGDJSLR7YgaFFxhw3IrsJ1qpDIS2IpGt9O+9YTa8EQ92HGKoaQDxWPOqHXRY1ztRjJ/nlz0yhW/5s9E1k2wMBVYqN4r/3T7CcskKssENaYT+KkNc6otZwInxW5mMKVsRAfYcVZRiSbMZwtPyLlL+iROtDvKkln690VOpTFjGbmbktqhWe2m4X9dJ7PxdZhzlWYWFZsPijNBbEKmvyd9rpFZMXaGMs3droQNqabMOkbFpTGRnDgowSqCddO8rAV+Lbj3oQCncAZVCOAKbuAO6tAABhJe4Q3evRfvw/uc49vwFhxPYEne1y9Ff5Vh</latexit><latexit sha1_base64="9jWrpYWa0Cs07BMzsJfoO+fqCow=">AAAB9XicbZBLSwMxFIXv+Ky1anXrJliEuikzbnQpuHFZwT6kHUomvdOGJpkhyYhl6Ma/4Fb37sSf49ZfYvpY2NYDgcM5Cffmi1LBjfX9b29jc2t7Z7ewV9wvHRwelY9LTZNkmmGDJSLR7YgaFFxhw3IrsJ1qpDIS2IpGt9O+9YTa8EQ92HGKoaQDxWPOqHXRY1ztRjJ/nlz0yhW/5s9E1k2wMBVYqN4r/3T7CcskKssENaYT+KkNc6otZwInxW5mMKVsRAfYcVZRiSbMZwtPyLlL+iROtDvKkln690VOpTFjGbmbktqhWe2m4X9dJ7PxdZhzlWYWFZsPijNBbEKmvyd9rpFZMXaGMs3droQNqabMOkbFpTGRnDgowSqCddO8rAV+Lbj3oQCncAZVCOAKbuAO6tAABhJe4Q3evRfvw/uc49vwFhxPYEne1y9Ff5Vh</latexit><latexit sha1_base64="Fk13Oeepvo17ZSizFNsK2IJHhZY=">AAACAHicbVA9T8MwEL2Ur1K+CowsFhVSWaqEBcYKFsYi0Q/URpXjOq1V24lsB1FFWfgLrLCzIVb+CSu/BLfNQFuedNLTe3e6uxfEnGnjut9OYW19Y3OruF3a2d3bPygfHrV0lChCmyTikeoEWFPOJG0aZjjtxIpiEXDaDsY3U7/9SJVmkbw3k5j6Ag8lCxnBxkoPYbUXiPQpO++XK27NnQGtEi8nFcjR6Jd/eoOIJIJKQzjWuuu5sfFTrAwjnGalXqJpjMkYD2nXUokF1X46OzhDZ1YZoDBStqRBM/XvRIqF1hMR2E6BzUgve1PxP6+bmPDKT5mME0MlmS8KE45MhKbfowFTlBg+sQQTxeytiIywwsTYjEoLawKR2VC85QhWSeui5rk1786t1K/zeIpwAqdQBQ8uoQ630IAmEBDwAq/w5jw7786H8zlvLTj5zDEswPn6BcLFlsg=</latexit><latexit sha1_base64="Y4FeKTfdv1BIDSCRPCyw1asn43U=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0DJoYxnBfEhyhL3NXrJkd+/Y3RPDcY1/wVZ7O7H1n9j6S9wkV5jEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxuJn7rkSrNInlvxjH1BR5IFjKCjZUewko3EOlTdtYrld2qOwVaJl5OypCj3iv9dPsRSQSVhnCsdcdzY+OnWBlGOM2K3UTTGJMRHtCOpRILqv10enCGTq3SR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeGVnzIZJ4ZKMlsUJhyZCE2+R32mKDF8bAkmitlbERlihYmxGRXn1gQis6F4ixEsk+Z51XOr3t1FuXadx1OAYziBCnhwCTW4hTo0gICAF3iFN+fZeXc+nM9Z64qTzxzBHJyvX8QFlsw=</latexit><latexit sha1_base64="Y4FeKTfdv1BIDSCRPCyw1asn43U=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0DJoYxnBfEhyhL3NXrJkd+/Y3RPDcY1/wVZ7O7H1n9j6S9wkV5jEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxuJn7rkSrNInlvxjH1BR5IFjKCjZUewko3EOlTdtYrld2qOwVaJl5OypCj3iv9dPsRSQSVhnCsdcdzY+OnWBlGOM2K3UTTGJMRHtCOpRILqv10enCGTq3SR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeGVnzIZJ4ZKMlsUJhyZCE2+R32mKDF8bAkmitlbERlihYmxGRXn1gQis6F4ixEsk+Z51XOr3t1FuXadx1OAYziBCnhwCTW4hTo0gICAF3iFN+fZeXc+nM9Z64qTzxzBHJyvX8QFlsw=</latexit><latexit sha1_base64="Y4FeKTfdv1BIDSCRPCyw1asn43U=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0DJoYxnBfEhyhL3NXrJkd+/Y3RPDcY1/wVZ7O7H1n9j6S9wkV5jEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxuJn7rkSrNInlvxjH1BR5IFjKCjZUewko3EOlTdtYrld2qOwVaJl5OypCj3iv9dPsRSQSVhnCsdcdzY+OnWBlGOM2K3UTTGJMRHtCOpRILqv10enCGTq3SR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeGVnzIZJ4ZKMlsUJhyZCE2+R32mKDF8bAkmitlbERlihYmxGRXn1gQis6F4ixEsk+Z51XOr3t1FuXadx1OAYziBCnhwCTW4hTo0gICAF3iFN+fZeXc+nM9Z64qTzxzBHJyvX8QFlsw=</latexit><latexit sha1_base64="Y4FeKTfdv1BIDSCRPCyw1asn43U=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0DJoYxnBfEhyhL3NXrJkd+/Y3RPDcY1/wVZ7O7H1n9j6S9wkV5jEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxuJn7rkSrNInlvxjH1BR5IFjKCjZUewko3EOlTdtYrld2qOwVaJl5OypCj3iv9dPsRSQSVhnCsdcdzY+OnWBlGOM2K3UTTGJMRHtCOpRILqv10enCGTq3SR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeGVnzIZJ4ZKMlsUJhyZCE2+R32mKDF8bAkmitlbERlihYmxGRXn1gQis6F4ixEsk+Z51XOr3t1FuXadx1OAYziBCnhwCTW4hTo0gICAF3iFN+fZeXc+nM9Z64qTzxzBHJyvX8QFlsw=</latexit><latexit sha1_base64="Y4FeKTfdv1BIDSCRPCyw1asn43U=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0DJoYxnBfEhyhL3NXrJkd+/Y3RPDcY1/wVZ7O7H1n9j6S9wkV5jEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxuJn7rkSrNInlvxjH1BR5IFjKCjZUewko3EOlTdtYrld2qOwVaJl5OypCj3iv9dPsRSQSVhnCsdcdzY+OnWBlGOM2K3UTTGJMRHtCOpRILqv10enCGTq3SR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeGVnzIZJ4ZKMlsUJhyZCE2+R32mKDF8bAkmitlbERlihYmxGRXn1gQis6F4ixEsk+Z51XOr3t1FuXadx1OAYziBCnhwCTW4hTo0gICAF3iFN+fZeXc+nM9Z64qTzxzBHJyvX8QFlsw=</latexit><latexit sha1_base64="Y4FeKTfdv1BIDSCRPCyw1asn43U=">AAACAHicbVA9SwNBEJ3zM8avqKXNYhBiE+5E0DJoYxnBfEhyhL3NXrJkd+/Y3RPDcY1/wVZ7O7H1n9j6S9wkV5jEBwOP92aYmRfEnGnjut/Oyura+sZmYau4vbO7t186OGzqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxuJn7rkSrNInlvxjH1BR5IFjKCjZUewko3EOlTdtYrld2qOwVaJl5OypCj3iv9dPsRSQSVhnCsdcdzY+OnWBlGOM2K3UTTGJMRHtCOpRILqv10enCGTq3SR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeGVnzIZJ4ZKMlsUJhyZCE2+R32mKDF8bAkmitlbERlihYmxGRXn1gQis6F4ixEsk+Z51XOr3t1FuXadx1OAYziBCnhwCTW4hTo0gICAF3iFN+fZeXc+nM9Z64qTzxzBHJyvX8QFlsw=</latexit>

[s1, s2, . . . , sn] ⇠ N (0,P TKxxP )
<latexit sha1_base64="dYy+4uDV4W2mq/NU/iqa0qzuYFQ="></latexit><latexit sha1_base64="dYy+4uDV4W2mq/NU/iqa0qzuYFQ="></latexit><latexit sha1_base64="dYy+4uDV4W2mq/NU/iqa0qzuYFQ="></latexit><latexit sha1_base64="dYy+4uDV4W2mq/NU/iqa0qzuYFQ="></latexit>

[f(x1), f(x2), . . . , f(xn)] ⇠ N (0, [k(xi,xj)]n⇥n)
<latexit sha1_base64="62zp1qLNqQTBHhQuXFgLAtih1fI="></latexit><latexit sha1_base64="62zp1qLNqQTBHhQuXFgLAtih1fI="></latexit><latexit sha1_base64="62zp1qLNqQTBHhQuXFgLAtih1fI="></latexit><latexit sha1_base64="V7F30nWMHAQhmUOen+7xA7xslDc=">AAAB6XicbZBLSwMxFIXv1Fcdq9a1m2ARXJUZN7oU3LisYB/QDiWTudOGJpkhyRTL0D/g1r078Te59ZeYPha29UDgcE7CvfniXHBjg+Dbq+ztHxweVY/9k5p/enZer3VMVmiGbZaJTPdialBwhW3LrcBerpHKWGA3njwu+u4UteGZerGzHCNJR4qnnFHrotaw3giawVJk14Rr04C1hvWfQZKxQqKyTFBj+mGQ26ik2nImcO4PCoM5ZRM6wr6ziko0Ublcc06uXZKQNNPuKEuW6d8XJZXGzGTsbkpqx2a7W4T/df3CpvdRyVVeWFRsNSgtBLEZWfyZJFwjs2LmDGWau10JG1NNmXVk/I0xsZw7JuE2gV3TuW2GQTN8DqAKl3AFNxDCHTzAE7SgDQwSeIN379X78D5X7CreGuIFbMj7+gX/LZDO</latexit><latexit sha1_base64="uw5gwnqqndcyXEfZPpo4QBy/Ojo="></latexit><latexit sha1_base64="uw5gwnqqndcyXEfZPpo4QBy/Ojo="></latexit><latexit sha1_base64="Uiz8eNg50HUw26Gxy71qjn8+bDU="></latexit><latexit sha1_base64="62zp1qLNqQTBHhQuXFgLAtih1fI="></latexit><latexit sha1_base64="62zp1qLNqQTBHhQuXFgLAtih1fI="></latexit><latexit sha1_base64="62zp1qLNqQTBHhQuXFgLAtih1fI="></latexit><latexit sha1_base64="62zp1qLNqQTBHhQuXFgLAtih1fI="></latexit><latexit sha1_base64="62zp1qLNqQTBHhQuXFgLAtih1fI="></latexit><latexit sha1_base64="62zp1qLNqQTBHhQuXFgLAtih1fI="></latexit>

Kxx = [k(xi,xj)]n⇥n
<latexit sha1_base64="jo+OObK/OtvLzCEK1JlPyy5l6B8=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpcyIoBuh6EZwU8E+oB2GTJq2sUlmSDLSMsxH+BP+glvduxMXblz4JabtLGzrgcDhnHs5NyeIGFXacb6shcWl5ZXV3Fp+fWNza9ve2a2pMJaYVHHIQtkIkCKMClLVVDPSiCRBPGCkHvSvR379kUhFQ3GvhxHxOOoK2qEYaSP59vGtnwwGKbyEzX6xFfBkkPr0JCMPR56fiJamnCgoUt8uOCVnDDhP3IwUQIaKb/+02iGOOREaM6RU03Ui7SVIaooZSfOtWJEI4T7qkqahApkcLxl/KoWHRmnDTijNExqO1b8bCeJKDXlgJjnSPTXrjcT/vGasOxdeQkUUayLwJKgTM6hDOGoItqkkWLOhIQhLam6FuIckwtr0mJ+KCfioFHe2gnlSOy25Tsm9OyuUr7J6cmAfHIAicME5KIMbUAFVgMETeAGv4M16tt6tD+tzMrpgZTt7YArW9y/lBqVG</latexit><latexit sha1_base64="jo+OObK/OtvLzCEK1JlPyy5l6B8=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpcyIoBuh6EZwU8E+oB2GTJq2sUlmSDLSMsxH+BP+glvduxMXblz4JabtLGzrgcDhnHs5NyeIGFXacb6shcWl5ZXV3Fp+fWNza9ve2a2pMJaYVHHIQtkIkCKMClLVVDPSiCRBPGCkHvSvR379kUhFQ3GvhxHxOOoK2qEYaSP59vGtnwwGKbyEzX6xFfBkkPr0JCMPR56fiJamnCgoUt8uOCVnDDhP3IwUQIaKb/+02iGOOREaM6RU03Ui7SVIaooZSfOtWJEI4T7qkqahApkcLxl/KoWHRmnDTijNExqO1b8bCeJKDXlgJjnSPTXrjcT/vGasOxdeQkUUayLwJKgTM6hDOGoItqkkWLOhIQhLam6FuIckwtr0mJ+KCfioFHe2gnlSOy25Tsm9OyuUr7J6cmAfHIAicME5KIMbUAFVgMETeAGv4M16tt6tD+tzMrpgZTt7YArW9y/lBqVG</latexit><latexit sha1_base64="jo+OObK/OtvLzCEK1JlPyy5l6B8=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpcyIoBuh6EZwU8E+oB2GTJq2sUlmSDLSMsxH+BP+glvduxMXblz4JabtLGzrgcDhnHs5NyeIGFXacb6shcWl5ZXV3Fp+fWNza9ve2a2pMJaYVHHIQtkIkCKMClLVVDPSiCRBPGCkHvSvR379kUhFQ3GvhxHxOOoK2qEYaSP59vGtnwwGKbyEzX6xFfBkkPr0JCMPR56fiJamnCgoUt8uOCVnDDhP3IwUQIaKb/+02iGOOREaM6RU03Ui7SVIaooZSfOtWJEI4T7qkqahApkcLxl/KoWHRmnDTijNExqO1b8bCeJKDXlgJjnSPTXrjcT/vGasOxdeQkUUayLwJKgTM6hDOGoItqkkWLOhIQhLam6FuIckwtr0mJ+KCfioFHe2gnlSOy25Tsm9OyuUr7J6cmAfHIAicME5KIMbUAFVgMETeAGv4M16tt6tD+tzMrpgZTt7YArW9y/lBqVG</latexit><latexit sha1_base64="V7F30nWMHAQhmUOen+7xA7xslDc=">AAAB6XicbZBLSwMxFIXv1Fcdq9a1m2ARXJUZN7oU3LisYB/QDiWTudOGJpkhyRTL0D/g1r078Te59ZeYPha29UDgcE7CvfniXHBjg+Dbq+ztHxweVY/9k5p/enZer3VMVmiGbZaJTPdialBwhW3LrcBerpHKWGA3njwu+u4UteGZerGzHCNJR4qnnFHrotaw3giawVJk14Rr04C1hvWfQZKxQqKyTFBj+mGQ26ik2nImcO4PCoM5ZRM6wr6ziko0Ublcc06uXZKQNNPuKEuW6d8XJZXGzGTsbkpqx2a7W4T/df3CpvdRyVVeWFRsNSgtBLEZWfyZJFwjs2LmDGWau10JG1NNmXVk/I0xsZw7JuE2gV3TuW2GQTN8DqAKl3AFNxDCHTzAE7SgDQwSeIN379X78D5X7CreGuIFbMj7+gX/LZDO</latexit><latexit sha1_base64="dbBACCTCiQjpJtF664jk2fXKyeg=">AAACGXicbZDLSgMxGIX/8Vpr1erWTbAIFaXMuNGNILgR3FSwF2iHIZOmbWySGZKMtAzzEL6Er+BW9+7EhVufxPSysK0/BD7OSTh/Thhzpo3rfjsrq2vrG5u5rfx2YWd3r7hfqOsoUYTWSMQj1QyxppxJWjPMcNqMFcUi5LQRDm7GfuOJKs0i+WBGMfUF7knWZQQbKwXF07sgHQ4zdIVag3I7FOkwC9jZDB5P/CCVbcME1UhmQbHkVtzJoGXwZlCC2VSD4k+7E5FEUGkIx1q3PDc2foqVYYTTLN9ONI0xGeAebVmU2Ob46eRTGTq2Sgd1I2WPNGii/n2RYqH1SIT2psCmrxe9sfif10pM99JPmYwTQyWZBnUTjkyExg2hDlOUGD6ygIlidldE+lhhYmyP+bmYUIxL8RYrWIb6ecVzK969Czk4hCMogwcXcA23UIUaEHiGV3iDd+fF+XA+p/WtOLMeD2BunK9fzaujtw==</latexit><latexit sha1_base64="dbBACCTCiQjpJtF664jk2fXKyeg=">AAACGXicbZDLSgMxGIX/8Vpr1erWTbAIFaXMuNGNILgR3FSwF2iHIZOmbWySGZKMtAzzEL6Er+BW9+7EhVufxPSysK0/BD7OSTh/Thhzpo3rfjsrq2vrG5u5rfx2YWd3r7hfqOsoUYTWSMQj1QyxppxJWjPMcNqMFcUi5LQRDm7GfuOJKs0i+WBGMfUF7knWZQQbKwXF07sgHQ4zdIVag3I7FOkwC9jZDB5P/CCVbcME1UhmQbHkVtzJoGXwZlCC2VSD4k+7E5FEUGkIx1q3PDc2foqVYYTTLN9ONI0xGeAebVmU2Ob46eRTGTq2Sgd1I2WPNGii/n2RYqH1SIT2psCmrxe9sfif10pM99JPmYwTQyWZBnUTjkyExg2hDlOUGD6ygIlidldE+lhhYmyP+bmYUIxL8RYrWIb6ecVzK969Czk4hCMogwcXcA23UIUaEHiGV3iDd+fF+XA+p/WtOLMeD2BunK9fzaujtw==</latexit><latexit sha1_base64="qojt/SH16dkyMjkC4t1p2Fal7vk=">AAACJHicbVDLSgMxFM3UV62vUZdugkWoKGXGjW6EohvBTQX7gHYYMmnaxiaZIclIyzAf4U/4C251705cuHHhl5i2s7CtBwKHc+7l3JwgYlRpx/myckvLK6tr+fXCxubW9o69u1dXYSwxqeGQhbIZIEUYFaSmqWakGUmCeMBIIxhcj/3GI5GKhuJejyLicdQTtEsx0kby7ZNbPxkOU3gJW4NSO+DJMPXpaUYejj0/EW1NOVFQpL5ddMrOBHCRuBkpggxV3/5pd0IccyI0ZkiplutE2kuQ1BQzkhbasSIRwgPUIy1DBTI5XjL5VAqPjNKB3VCaJzScqH83EsSVGvHATHKk+2reG4v/ea1Ydy+8hIoo1kTgaVA3ZlCHcNwQ7FBJsGYjQxCW1NwKcR9JhLXpsTATE/BxKe58BYukflZ2nbJ75xQrV1k9eXAADkEJuOAcVMANqIIawOAJvIBX8GY9W+/Wh/U5Hc1Z2c4+mIH1/QvjxqVC</latexit><latexit sha1_base64="jo+OObK/OtvLzCEK1JlPyy5l6B8=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpcyIoBuh6EZwU8E+oB2GTJq2sUlmSDLSMsxH+BP+glvduxMXblz4JabtLGzrgcDhnHs5NyeIGFXacb6shcWl5ZXV3Fp+fWNza9ve2a2pMJaYVHHIQtkIkCKMClLVVDPSiCRBPGCkHvSvR379kUhFQ3GvhxHxOOoK2qEYaSP59vGtnwwGKbyEzX6xFfBkkPr0JCMPR56fiJamnCgoUt8uOCVnDDhP3IwUQIaKb/+02iGOOREaM6RU03Ui7SVIaooZSfOtWJEI4T7qkqahApkcLxl/KoWHRmnDTijNExqO1b8bCeJKDXlgJjnSPTXrjcT/vGasOxdeQkUUayLwJKgTM6hDOGoItqkkWLOhIQhLam6FuIckwtr0mJ+KCfioFHe2gnlSOy25Tsm9OyuUr7J6cmAfHIAicME5KIMbUAFVgMETeAGv4M16tt6tD+tzMrpgZTt7YArW9y/lBqVG</latexit><latexit sha1_base64="jo+OObK/OtvLzCEK1JlPyy5l6B8=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpcyIoBuh6EZwU8E+oB2GTJq2sUlmSDLSMsxH+BP+glvduxMXblz4JabtLGzrgcDhnHs5NyeIGFXacb6shcWl5ZXV3Fp+fWNza9ve2a2pMJaYVHHIQtkIkCKMClLVVDPSiCRBPGCkHvSvR379kUhFQ3GvhxHxOOoK2qEYaSP59vGtnwwGKbyEzX6xFfBkkPr0JCMPR56fiJamnCgoUt8uOCVnDDhP3IwUQIaKb/+02iGOOREaM6RU03Ui7SVIaooZSfOtWJEI4T7qkqahApkcLxl/KoWHRmnDTijNExqO1b8bCeJKDXlgJjnSPTXrjcT/vGasOxdeQkUUayLwJKgTM6hDOGoItqkkWLOhIQhLam6FuIckwtr0mJ+KCfioFHe2gnlSOy25Tsm9OyuUr7J6cmAfHIAicME5KIMbUAFVgMETeAGv4M16tt6tD+tzMrpgZTt7YArW9y/lBqVG</latexit><latexit sha1_base64="jo+OObK/OtvLzCEK1JlPyy5l6B8=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpcyIoBuh6EZwU8E+oB2GTJq2sUlmSDLSMsxH+BP+glvduxMXblz4JabtLGzrgcDhnHs5NyeIGFXacb6shcWl5ZXV3Fp+fWNza9ve2a2pMJaYVHHIQtkIkCKMClLVVDPSiCRBPGCkHvSvR379kUhFQ3GvhxHxOOoK2qEYaSP59vGtnwwGKbyEzX6xFfBkkPr0JCMPR56fiJamnCgoUt8uOCVnDDhP3IwUQIaKb/+02iGOOREaM6RU03Ui7SVIaooZSfOtWJEI4T7qkqahApkcLxl/KoWHRmnDTijNExqO1b8bCeJKDXlgJjnSPTXrjcT/vGasOxdeQkUUayLwJKgTM6hDOGoItqkkWLOhIQhLam6FuIckwtr0mJ+KCfioFHe2gnlSOy25Tsm9OyuUr7J6cmAfHIAicME5KIMbUAFVgMETeAGv4M16tt6tD+tzMrpgZTt7YArW9y/lBqVG</latexit><latexit sha1_base64="jo+OObK/OtvLzCEK1JlPyy5l6B8=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpcyIoBuh6EZwU8E+oB2GTJq2sUlmSDLSMsxH+BP+glvduxMXblz4JabtLGzrgcDhnHs5NyeIGFXacb6shcWl5ZXV3Fp+fWNza9ve2a2pMJaYVHHIQtkIkCKMClLVVDPSiCRBPGCkHvSvR379kUhFQ3GvhxHxOOoK2qEYaSP59vGtnwwGKbyEzX6xFfBkkPr0JCMPR56fiJamnCgoUt8uOCVnDDhP3IwUQIaKb/+02iGOOREaM6RU03Ui7SVIaooZSfOtWJEI4T7qkqahApkcLxl/KoWHRmnDTijNExqO1b8bCeJKDXlgJjnSPTXrjcT/vGasOxdeQkUUayLwJKgTM6hDOGoItqkkWLOhIQhLam6FuIckwtr0mJ+KCfioFHe2gnlSOy25Tsm9OyuUr7J6cmAfHIAicME5KIMbUAFVgMETeAGv4M16tt6tD+tzMrpgZTt7YArW9y/lBqVG</latexit><latexit sha1_base64="jo+OObK/OtvLzCEK1JlPyy5l6B8=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpcyIoBuh6EZwU8E+oB2GTJq2sUlmSDLSMsxH+BP+glvduxMXblz4JabtLGzrgcDhnHs5NyeIGFXacb6shcWl5ZXV3Fp+fWNza9ve2a2pMJaYVHHIQtkIkCKMClLVVDPSiCRBPGCkHvSvR379kUhFQ3GvhxHxOOoK2qEYaSP59vGtnwwGKbyEzX6xFfBkkPr0JCMPR56fiJamnCgoUt8uOCVnDDhP3IwUQIaKb/+02iGOOREaM6RU03Ui7SVIaooZSfOtWJEI4T7qkqahApkcLxl/KoWHRmnDTijNExqO1b8bCeJKDXlgJjnSPTXrjcT/vGasOxdeQkUUayLwJKgTM6hDOGoItqkkWLOhIQhLam6FuIckwtr0mJ+KCfioFHe2gnlSOy25Tsm9OyuUr7J6cmAfHIAicME5KIMbUAFVgMETeAGv4M16tt6tD+tzMrpgZTt7YArW9y/lBqVG</latexit><latexit sha1_base64="jo+OObK/OtvLzCEK1JlPyy5l6B8=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVpcyIoBuh6EZwU8E+oB2GTJq2sUlmSDLSMsxH+BP+glvduxMXblz4JabtLGzrgcDhnHs5NyeIGFXacb6shcWl5ZXV3Fp+fWNza9ve2a2pMJaYVHHIQtkIkCKMClLVVDPSiCRBPGCkHvSvR379kUhFQ3GvhxHxOOoK2qEYaSP59vGtnwwGKbyEzX6xFfBkkPr0JCMPR56fiJamnCgoUt8uOCVnDDhP3IwUQIaKb/+02iGOOREaM6RU03Ui7SVIaooZSfOtWJEI4T7qkqahApkcLxl/KoWHRmnDTijNExqO1b8bCeJKDXlgJjnSPTXrjcT/vGasOxdeQkUUayLwJKgTM6hDOGoItqkkWLOhIQhLam6FuIckwtr0mJ+KCfioFHe2gnlSOy25Tsm9OyuUr7J6cmAfHIAicME5KIMbUAFVgMETeAGv4M16tt6tD+tzMrpgZTt7YArW9y/lBqVG</latexit>



Inducing points

• Gaussian Process is computationally complex with large data size.

• We learn inducing points on graph to reduce the complexity.

• With learned inducing point                                            and corresponding 
pseudo-structural embeddings 

We can infer posterior of the structural embeddings                                by  
the Bayes’s rule.

Z = [z1, z2, . . . , zm]
<latexit sha1_base64="TGPn8W4XUOSQlnT6gO2aLBn3Poo=">AAACJnicbZBNS8MwGMfT+TbnW9Wjl+AQPMzRDkEvwtCLxwnuBbdS0izdwpK2JKkwSz+FX8Kv4FXv3kS8iZ/EdCviNh8I/PJ/3pK/FzEqlWV9GoWl5ZXVteJ6aWNza3vH3N1ryTAWmDRxyELR8ZAkjAakqahipBMJgrjHSNsbXWX59j0RkobBrRpHxOFoEFCfYqS05JonPY8ndym8gN2MHlLXrsCcapVeP1Ty984d1yxbVWsScBHsHMogj4ZrfusROOYkUJghKbu2FSknQUJRzEha6sWSRAiP0IB0NQaIE+kkk2+l8EgrfeiHQp9AwYn6tyNBXMox93QlR2oo53OZ+F+uGyv/3EloEMWKBHi6yI8ZVCHMPIJ9KghWbKwBYUH1WyEeIoGw0k6WZtZ4PNWm2PMWLEKrVrWtqn1zWq5f5vYUwQE4BMfABmegDq5BAzQBBo/gGbyAV+PJeDPejY9pacHIe/bBTBhfP1ACpWM=</latexit><latexit sha1_base64="TGPn8W4XUOSQlnT6gO2aLBn3Poo=">AAACJnicbZBNS8MwGMfT+TbnW9Wjl+AQPMzRDkEvwtCLxwnuBbdS0izdwpK2JKkwSz+FX8Kv4FXv3kS8iZ/EdCviNh8I/PJ/3pK/FzEqlWV9GoWl5ZXVteJ6aWNza3vH3N1ryTAWmDRxyELR8ZAkjAakqahipBMJgrjHSNsbXWX59j0RkobBrRpHxOFoEFCfYqS05JonPY8ndym8gN2MHlLXrsCcapVeP1Ty984d1yxbVWsScBHsHMogj4ZrfusROOYkUJghKbu2FSknQUJRzEha6sWSRAiP0IB0NQaIE+kkk2+l8EgrfeiHQp9AwYn6tyNBXMox93QlR2oo53OZ+F+uGyv/3EloEMWKBHi6yI8ZVCHMPIJ9KghWbKwBYUH1WyEeIoGw0k6WZtZ4PNWm2PMWLEKrVrWtqn1zWq5f5vYUwQE4BMfABmegDq5BAzQBBo/gGbyAV+PJeDPejY9pacHIe/bBTBhfP1ACpWM=</latexit><latexit sha1_base64="TGPn8W4XUOSQlnT6gO2aLBn3Poo=">AAACJnicbZBNS8MwGMfT+TbnW9Wjl+AQPMzRDkEvwtCLxwnuBbdS0izdwpK2JKkwSz+FX8Kv4FXv3kS8iZ/EdCviNh8I/PJ/3pK/FzEqlWV9GoWl5ZXVteJ6aWNza3vH3N1ryTAWmDRxyELR8ZAkjAakqahipBMJgrjHSNsbXWX59j0RkobBrRpHxOFoEFCfYqS05JonPY8ndym8gN2MHlLXrsCcapVeP1Ty984d1yxbVWsScBHsHMogj4ZrfusROOYkUJghKbu2FSknQUJRzEha6sWSRAiP0IB0NQaIE+kkk2+l8EgrfeiHQp9AwYn6tyNBXMox93QlR2oo53OZ+F+uGyv/3EloEMWKBHi6yI8ZVCHMPIJ9KghWbKwBYUH1WyEeIoGw0k6WZtZ4PNWm2PMWLEKrVrWtqn1zWq5f5vYUwQE4BMfABmegDq5BAzQBBo/gGbyAV+PJeDPejY9pacHIe/bBTBhfP1ACpWM=</latexit><latexit sha1_base64="TGPn8W4XUOSQlnT6gO2aLBn3Poo=">AAACJnicbZBNS8MwGMfT+TbnW9Wjl+AQPMzRDkEvwtCLxwnuBbdS0izdwpK2JKkwSz+FX8Kv4FXv3kS8iZ/EdCviNh8I/PJ/3pK/FzEqlWV9GoWl5ZXVteJ6aWNza3vH3N1ryTAWmDRxyELR8ZAkjAakqahipBMJgrjHSNsbXWX59j0RkobBrRpHxOFoEFCfYqS05JonPY8ndym8gN2MHlLXrsCcapVeP1Ty984d1yxbVWsScBHsHMogj4ZrfusROOYkUJghKbu2FSknQUJRzEha6sWSRAiP0IB0NQaIE+kkk2+l8EgrfeiHQp9AwYn6tyNBXMox93QlR2oo53OZ+F+uGyv/3EloEMWKBHi6yI8ZVCHMPIJ9KghWbKwBYUH1WyEeIoGw0k6WZtZ4PNWm2PMWLEKrVrWtqn1zWq5f5vYUwQE4BMfABmegDq5BAzQBBo/gGbyAV+PJeDPejY9pacHIe/bBTBhfP1ACpWM=</latexit>

U = [u1,u2, . . . ,um]
<latexit sha1_base64="a0cDokcbQ0OSgkwOLJm6G7xu4Mk=">AAACJ3icbZBPS8MwGMbT+W/Of1WPXoJD8CCjHYJehKEXjxPsNuhKSbN0C0vakqTCKP0Wfgm/gle9exM96icx3Yq4zRcCP57nffMmT5AwKpVlfRqVldW19Y3qZm1re2d3z9w/6Mg4FZg4OGax6AVIEkYj4iiqGOklgiAeMNINxjeF330gQtI4uleThHgcDSMaUoyUlnyz0Q945uTwCroFpblvn8GSmpoGsZK/Avd8s241rGnBZbBLqIOy2r75ra/AKSeRwgxJ6dpWorwMCUUxI3mtn0qSIDxGQ+JqjBAn0sum/8rhiVYGMIyFPpGCU/XvRIa4lBMe6E6O1EgueoX4n+emKrz0MholqSIRni0KUwZVDIuQ4IAKghWbaEBYUP1WiEdIIKx0lLW5NQHPdSj2YgTL0Gk2bKth353XW9dlPFVwBI7BKbDBBWiBW9AGDsDgETyDF/BqPBlvxrvxMWutGOXMIZgr4+sHkqCleQ==</latexit><latexit sha1_base64="a0cDokcbQ0OSgkwOLJm6G7xu4Mk=">AAACJ3icbZBPS8MwGMbT+W/Of1WPXoJD8CCjHYJehKEXjxPsNuhKSbN0C0vakqTCKP0Wfgm/gle9exM96icx3Yq4zRcCP57nffMmT5AwKpVlfRqVldW19Y3qZm1re2d3z9w/6Mg4FZg4OGax6AVIEkYj4iiqGOklgiAeMNINxjeF330gQtI4uleThHgcDSMaUoyUlnyz0Q945uTwCroFpblvn8GSmpoGsZK/Avd8s241rGnBZbBLqIOy2r75ra/AKSeRwgxJ6dpWorwMCUUxI3mtn0qSIDxGQ+JqjBAn0sum/8rhiVYGMIyFPpGCU/XvRIa4lBMe6E6O1EgueoX4n+emKrz0MholqSIRni0KUwZVDIuQ4IAKghWbaEBYUP1WiEdIIKx0lLW5NQHPdSj2YgTL0Gk2bKth353XW9dlPFVwBI7BKbDBBWiBW9AGDsDgETyDF/BqPBlvxrvxMWutGOXMIZgr4+sHkqCleQ==</latexit><latexit sha1_base64="a0cDokcbQ0OSgkwOLJm6G7xu4Mk=">AAACJ3icbZBPS8MwGMbT+W/Of1WPXoJD8CCjHYJehKEXjxPsNuhKSbN0C0vakqTCKP0Wfgm/gle9exM96icx3Yq4zRcCP57nffMmT5AwKpVlfRqVldW19Y3qZm1re2d3z9w/6Mg4FZg4OGax6AVIEkYj4iiqGOklgiAeMNINxjeF330gQtI4uleThHgcDSMaUoyUlnyz0Q945uTwCroFpblvn8GSmpoGsZK/Avd8s241rGnBZbBLqIOy2r75ra/AKSeRwgxJ6dpWorwMCUUxI3mtn0qSIDxGQ+JqjBAn0sum/8rhiVYGMIyFPpGCU/XvRIa4lBMe6E6O1EgueoX4n+emKrz0MholqSIRni0KUwZVDIuQ4IAKghWbaEBYUP1WiEdIIKx0lLW5NQHPdSj2YgTL0Gk2bKth353XW9dlPFVwBI7BKbDBBWiBW9AGDsDgETyDF/BqPBlvxrvxMWutGOXMIZgr4+sHkqCleQ==</latexit><latexit sha1_base64="a0cDokcbQ0OSgkwOLJm6G7xu4Mk=">AAACJ3icbZBPS8MwGMbT+W/Of1WPXoJD8CCjHYJehKEXjxPsNuhKSbN0C0vakqTCKP0Wfgm/gle9exM96icx3Yq4zRcCP57nffMmT5AwKpVlfRqVldW19Y3qZm1re2d3z9w/6Mg4FZg4OGax6AVIEkYj4iiqGOklgiAeMNINxjeF330gQtI4uleThHgcDSMaUoyUlnyz0Q945uTwCroFpblvn8GSmpoGsZK/Avd8s241rGnBZbBLqIOy2r75ra/AKSeRwgxJ6dpWorwMCUUxI3mtn0qSIDxGQ+JqjBAn0sum/8rhiVYGMIyFPpGCU/XvRIa4lBMe6E6O1EgueoX4n+emKrz0MholqSIRni0KUwZVDIuQ4IAKghWbaEBYUP1WiEdIIKx0lLW5NQHPdSj2YgTL0Gk2bKth353XW9dlPFVwBI7BKbDBBWiBW9AGDsDgETyDF/BqPBlvxrvxMWutGOXMIZgr4+sHkqCleQ==</latexit>

p(S|X,Z,U)
<latexit sha1_base64="cD1fmDk5XNIYZc8pFvBhD9gjYqA=">AAACG3icbVC7TsMwFHV4lvIKMLJYrZCKhKoEIcFYwcJYBGkr2qhyXKe1aieR7SBVITs/wS+wws6GWBlY+RKcNANtOZJ1j865V/f6eBGjUlnWt7G0vLK6tl7aKG9ube/smnv7LRnGAhMHhywUHQ9JwmhAHEUVI51IEMQ9Rtre+Crz2w9ESBoGd2oSEZejYUB9ipHSUt+sRLWex5PbFD7CjHTSk7zeF9VJj/tm1apbOeAisQtSBQWaffOnNwhxzEmgMENSdm0rUm6ChKKYkbTciyWJEB6jIelqGiBOpJvkf0nhkVYG0A+FfoGCufp3IkFcygn3dCdHaiTnvUz8z+vGyr9wExpEsSIBni7yYwZVCLNg4IAKghWbaIKwoPpWiEdIIKx0fOWZNR5PdSj2fASLpHVat626fXNWbVwW8ZTAIaiAGrDBOWiAa9AEDsDgCbyAV/BmPBvvxofxOW1dMoqZAzAD4+sXRSqgoA==</latexit><latexit sha1_base64="cD1fmDk5XNIYZc8pFvBhD9gjYqA=">AAACG3icbVC7TsMwFHV4lvIKMLJYrZCKhKoEIcFYwcJYBGkr2qhyXKe1aieR7SBVITs/wS+wws6GWBlY+RKcNANtOZJ1j865V/f6eBGjUlnWt7G0vLK6tl7aKG9ube/smnv7LRnGAhMHhywUHQ9JwmhAHEUVI51IEMQ9Rtre+Crz2w9ESBoGd2oSEZejYUB9ipHSUt+sRLWex5PbFD7CjHTSk7zeF9VJj/tm1apbOeAisQtSBQWaffOnNwhxzEmgMENSdm0rUm6ChKKYkbTciyWJEB6jIelqGiBOpJvkf0nhkVYG0A+FfoGCufp3IkFcygn3dCdHaiTnvUz8z+vGyr9wExpEsSIBni7yYwZVCLNg4IAKghWbaIKwoPpWiEdIIKx0fOWZNR5PdSj2fASLpHVat626fXNWbVwW8ZTAIaiAGrDBOWiAa9AEDsDgCbyAV/BmPBvvxofxOW1dMoqZAzAD4+sXRSqgoA==</latexit><latexit sha1_base64="cD1fmDk5XNIYZc8pFvBhD9gjYqA=">AAACG3icbVC7TsMwFHV4lvIKMLJYrZCKhKoEIcFYwcJYBGkr2qhyXKe1aieR7SBVITs/wS+wws6GWBlY+RKcNANtOZJ1j865V/f6eBGjUlnWt7G0vLK6tl7aKG9ube/smnv7LRnGAhMHhywUHQ9JwmhAHEUVI51IEMQ9Rtre+Crz2w9ESBoGd2oSEZejYUB9ipHSUt+sRLWex5PbFD7CjHTSk7zeF9VJj/tm1apbOeAisQtSBQWaffOnNwhxzEmgMENSdm0rUm6ChKKYkbTciyWJEB6jIelqGiBOpJvkf0nhkVYG0A+FfoGCufp3IkFcygn3dCdHaiTnvUz8z+vGyr9wExpEsSIBni7yYwZVCLNg4IAKghWbaIKwoPpWiEdIIKx0fOWZNR5PdSj2fASLpHVat626fXNWbVwW8ZTAIaiAGrDBOWiAa9AEDsDgCbyAV/BmPBvvxofxOW1dMoqZAzAD4+sXRSqgoA==</latexit><latexit sha1_base64="cD1fmDk5XNIYZc8pFvBhD9gjYqA=">AAACG3icbVC7TsMwFHV4lvIKMLJYrZCKhKoEIcFYwcJYBGkr2qhyXKe1aieR7SBVITs/wS+wws6GWBlY+RKcNANtOZJ1j865V/f6eBGjUlnWt7G0vLK6tl7aKG9ube/smnv7LRnGAhMHhywUHQ9JwmhAHEUVI51IEMQ9Rtre+Crz2w9ESBoGd2oSEZejYUB9ipHSUt+sRLWex5PbFD7CjHTSk7zeF9VJj/tm1apbOeAisQtSBQWaffOnNwhxzEmgMENSdm0rUm6ChKKYkbTciyWJEB6jIelqGiBOpJvkf0nhkVYG0A+FfoGCufp3IkFcygn3dCdHaiTnvUz8z+vGyr9wExpEsSIBni7yYwZVCLNg4IAKghWbaIKwoPpWiEdIIKx0fOWZNR5PdSj2fASLpHVat626fXNWbVwW8ZTAIaiAGrDBOWiAa9AEDsDgCbyAV/BmPBvvxofxOW1dMoqZAzAD4+sXRSqgoA==</latexit>
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Negative Sampling Loss Function

• Obtain the textual network embedding                                ,

• We train the whole model with unsupervised negative sampling:

H = [X;S]
<latexit sha1_base64="TRp68GNwnKOw+w/SlGS1mXNvf6s=">AAACEnicbZDLSgMxFIYzXmu9jboSN8EiuCozIiiIUHTTZUV7gelQMmmmDU0yQ5IRyjD4Er6CW927E7e+gFufxEw7C9t6IOTj/8/hJH8QM6q043xbS8srq2vrpY3y5tb2zq69t99SUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxjd5n77kUhFI/GgxzHxORoIGlKMtJF69mE34Gk9g9fQy6mTXcH8vs/8nl1xqs6k4CK4BVRAUY2e/dPtRzjhRGjMkFKe68TaT5HUFDOSlbuJIjHCIzQgnkGBOFF+OvlCBk+M0odhJM0RGk7UvxMp4kqNeWA6OdJDNe/l4n+el+jw0k+piBNNBJ4uChMGdQTzPGCfSoI1GxtAWFLzVoiHSCKsTWrlmTUBz0wo7nwEi9A6q7pO1b07r9RuinhK4Agcg1PgggtQA3XQAE2AwRN4Aa/gzXq23q0P63PaumQVMwdgpqyvX8OanTc=</latexit><latexit sha1_base64="TRp68GNwnKOw+w/SlGS1mXNvf6s=">AAACEnicbZDLSgMxFIYzXmu9jboSN8EiuCozIiiIUHTTZUV7gelQMmmmDU0yQ5IRyjD4Er6CW927E7e+gFufxEw7C9t6IOTj/8/hJH8QM6q043xbS8srq2vrpY3y5tb2zq69t99SUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxjd5n77kUhFI/GgxzHxORoIGlKMtJF69mE34Gk9g9fQy6mTXcH8vs/8nl1xqs6k4CK4BVRAUY2e/dPtRzjhRGjMkFKe68TaT5HUFDOSlbuJIjHCIzQgnkGBOFF+OvlCBk+M0odhJM0RGk7UvxMp4kqNeWA6OdJDNe/l4n+el+jw0k+piBNNBJ4uChMGdQTzPGCfSoI1GxtAWFLzVoiHSCKsTWrlmTUBz0wo7nwEi9A6q7pO1b07r9RuinhK4Agcg1PgggtQA3XQAE2AwRN4Aa/gzXq23q0P63PaumQVMwdgpqyvX8OanTc=</latexit><latexit sha1_base64="TRp68GNwnKOw+w/SlGS1mXNvf6s=">AAACEnicbZDLSgMxFIYzXmu9jboSN8EiuCozIiiIUHTTZUV7gelQMmmmDU0yQ5IRyjD4Er6CW927E7e+gFufxEw7C9t6IOTj/8/hJH8QM6q043xbS8srq2vrpY3y5tb2zq69t99SUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxjd5n77kUhFI/GgxzHxORoIGlKMtJF69mE34Gk9g9fQy6mTXcH8vs/8nl1xqs6k4CK4BVRAUY2e/dPtRzjhRGjMkFKe68TaT5HUFDOSlbuJIjHCIzQgnkGBOFF+OvlCBk+M0odhJM0RGk7UvxMp4kqNeWA6OdJDNe/l4n+el+jw0k+piBNNBJ4uChMGdQTzPGCfSoI1GxtAWFLzVoiHSCKsTWrlmTUBz0wo7nwEi9A6q7pO1b07r9RuinhK4Agcg1PgggtQA3XQAE2AwRN4Aa/gzXq23q0P63PaumQVMwdgpqyvX8OanTc=</latexit><latexit sha1_base64="TRp68GNwnKOw+w/SlGS1mXNvf6s=">AAACEnicbZDLSgMxFIYzXmu9jboSN8EiuCozIiiIUHTTZUV7gelQMmmmDU0yQ5IRyjD4Er6CW927E7e+gFufxEw7C9t6IOTj/8/hJH8QM6q043xbS8srq2vrpY3y5tb2zq69t99SUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxjd5n77kUhFI/GgxzHxORoIGlKMtJF69mE34Gk9g9fQy6mTXcH8vs/8nl1xqs6k4CK4BVRAUY2e/dPtRzjhRGjMkFKe68TaT5HUFDOSlbuJIjHCIzQgnkGBOFF+OvlCBk+M0odhJM0RGk7UvxMp4kqNeWA6OdJDNe/l4n+el+jw0k+piBNNBJ4uChMGdQTzPGCfSoI1GxtAWFLzVoiHSCKsTWrlmTUBz0wo7nwEi9A6q7pO1b07r9RuinhK4Agcg1PgggtQA3XQAE2AwRN4Aa/gzXq23q0P63PaumQVMwdgpqyvX8OanTc=</latexit>
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<latexit sha1_base64="2KDU7xpauSZkq8EMT1rrT4S4HXQ="></latexit><latexit sha1_base64="2KDU7xpauSZkq8EMT1rrT4S4HXQ="></latexit><latexit sha1_base64="2KDU7xpauSZkq8EMT1rrT4S4HXQ="></latexit><latexit sha1_base64="i21blzHBwl/OPIo/vlvVfBB8eO0=">AAAB6HicbZBLSwMxFIXv1FetVevaTbAIrsqMG10KblxWsA9oh5LJZNrQPIbkjlKG/gG3rt2J/8ml/8T0sbDWA4HDOQn35ktyKRyG4VdQ2dnd2z+oHtaO6rXjk9NGvetMYRnvMCON7SfUcSk076BAyfu55VQlkveS6f2i7z1z64TRTzjLeazoWItMMIo+ao8azbAVLkW2TbQ2TVhr1PgepoYVimtkkjo3iMIc45JaFEzyeW1YOJ5TNqVjPvBWU8VdXC7XnJNLn6QkM9YfjWSZ/n5RUuXcTCX+pqI4cX+7RfhfNygwu41LofMCuWarQVkhCRqy+DNJheUM5cwbyqzwuxI2oZYy9GQ2piRq7pFEfwFsm+51Kwpb0WMIVTiHC7iCCG7gDh6gDR1gkMIrvAUvwXvwsUJXCdYMz2BDwecPfSOQvw==</latexit><latexit sha1_base64="ynO9rWa+zqIBiE093Yr4EZTbEcE="></latexit><latexit sha1_base64="ynO9rWa+zqIBiE093Yr4EZTbEcE="></latexit><latexit sha1_base64="nsPRNB7qVIT9Aic8mQvWCZDNLyU="></latexit><latexit sha1_base64="2KDU7xpauSZkq8EMT1rrT4S4HXQ="></latexit><latexit sha1_base64="2KDU7xpauSZkq8EMT1rrT4S4HXQ="></latexit><latexit sha1_base64="2KDU7xpauSZkq8EMT1rrT4S4HXQ="></latexit><latexit sha1_base64="2KDU7xpauSZkq8EMT1rrT4S4HXQ="></latexit><latexit sha1_base64="2KDU7xpauSZkq8EMT1rrT4S4HXQ="></latexit><latexit sha1_base64="2KDU7xpauSZkq8EMT1rrT4S4HXQ="></latexit>



Experiments: Static Networks
• Link prediction



Experiments: Static Network 
• Node classification:



Experiments: Dynamic Networks
• Link prediction

• Node Classification



Experiments:

• T-SNE visualization of learned 
structural embeddings on Cora dataset.



Thank you!

https://github.com/Linear95/DetGPSource Code:

https://github.com/Linear95/BinarySentEmb

