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Motivation
• Many neural survival models are not straightforward to interpret: 

DeepSurv [Katzman et al 2018], DeepHit [Lee et al 2018], 
Neural MTLR [Fotso 2018], Extended Hazards [Zhong et al 2021], …

How can we make sense of representations learned by such models?

Framework

Survival Analysis
Training data (i.i.d.):

raw input
event indicator
1 ⇒      is survival time
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Example model: DeepSurv [Faraggi & Simon 1995, Katzman et al 2018]

• Standard loss for learning parameters: neural net parameters
• Predict log partial hazard function

raw input

model as neural net

Conditional survival function estimate

Classical Cox model 
[Cox 1972]
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Our framework works with any neural survival analysis model—not just DeepSurv

This work was supported by NSF CAREER award #2047981

Tabular Data

Remark: there are neural survival models designed to have interpretable components
• Clustering structure [Chapfuwa et al 2020, Nagpal et al 2021, …]

• Topic modeling structure [Li et al 2020]

Our framework can also be applied to such models to provide 
supplemental plots & statistical analyses

0 ⇒      is censoring time
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• Let   denote the estimate of  minimizing the loss above
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t(1) < t(2) < · · · < t(⌧)
• Let        be # of critical events that happened at time         for
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` = 1, . . . , ⌧
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bh0(t(`)) =
d(`)X

j=1,...,n
s.t. yj�t(`)

exp(f(xj ; b✓))
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bS(t|x) = exp
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� exp(f(x; b✓ ))
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estimated prob. of surviving 
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f(x; ✓) = h✓, xi

�

	�
�

�

	�
�

�

	�
�


	





	
��


	
��


	
��

�&$���(�$#�$#($
�#��$&���&��(�$#
�$&��!)'(�&��

������#�����#���
	�
�
������#����
	�
���	���
������#�
���	�����	���
������#�����	�����	���

������#�����	����#��
#)"��&�$���$"$&����(��'���#�����#���	

�

#)"��&�$���$"$&����(��'���#����	

��	

�
#)"��&�$���$"$&����(��'���#�
��	

�
	

�
#)"��&�$���$"$&����(��'���#���
	

��#��

"��#��&(�&��!��!$$��%&�'')&����#�����#����	

�
"��#��&(�&��!��!$$��%&�'')&����#�����	

���	

�
"��#��&(�&��!��!$$��%&�'')&����#�
���	

��
	

�
"��#��&(�&��!��!$$��%&�'')&����#����
	

����	

�

"��#��&(�&��!��!$$��%&�'')&����#������	

��#��
���&(�&�(����#�����#����	

�

���&(�&�(����#�����	

���	

�
���&(�&�(����#�
���	

���
	

�

���&(�&�(����#�����
	

����	

�
���&(�&�(����#������	

��#��

&�'%�&�(�$#�&�(����#�����#����	

�
&�'%�&�(�$#�&�(����#�����	

��
	

�
&�'%�&�(�$#�&�(����#�
��
	

���	

�
&�'%�&�(�$#�&�(����#�����	

�

	

�

&�'%�&�(�$#�&�(����#���

	

��#��
(�"%�&�()&����#�����#��
�	
��

(�"%�&�()&����#���
�	
��
�	�
�
(�"%�&�()&����#�
�
�	�
�
�	���
(�"%�&�()&����#���
�	���
�	�
�

(�"%�&�()&����#���
�	�
��#��
*��(���!$$���$)#(���#�����#���	�
�

*��(���!$$���$)#(���#����	�
��	�
�
*��(���!$$���$)#(���#�
��	�
���	

�

*��(���!$$���$)#(���#�����	

���	�
�
*��(���!$$���$)#(���#�����	�
��#��
'�&)"�'$��)"���#�����#���

	

�

'�&)"�'$��)"���#����

	

��
�	

�
'�&)"�'$��)"���#�
��
�	

��
�	

�
'�&)"�'$��)"���#����
�	

����	

�

'�&)"�'$��)"���#������	

��#��
'�&)"��&��(�#�#����#�����#��
	�
�

'�&)"��&��(�#�#����#���
	�
��	

�
'�&)"��&��(�#�#����#�
��	

��	�
�
'�&)"��&��(�#�#����#����	�
��	�
�
'�&)"��&��(�#�#����#����	�
��#��

��"�!�
�����(�'
��"�#(��

&������(���)#'%��������
&������(����'��#�
&������(�
��!�� �

&������(�����'%�#���
&������(���$(��&�
&������(���*��(��
��#��&���(���#$�
��#��&���(���+�'�

��#��&���(�
�"�(�'(�(���

�

	�



�

	�
�

�

	�
�


	





	





	
��


	
��

�&$���(�$#�$#($
�#��$&���&��(�$#
�$&��!)'(�&��

�

	�
�

�

	�
�

�

	�
�


	





	
��


	
��


	
��

�&$���(�$#�$#($
�#��$&���&��(�$#
�$&��!)'(�&�


�

	�
�

�

	�
�

�

	�
�


	





	
��


	
��


	
��

�&$���(�$#�$#($
�#��$&���&��(�$#
�$&��!)'(�&��

�

	�
�

�

	�
�

�

	�
�


	





	
��


	
��


	
��

�&$���(�$#�$#($
�#��$&���&��(�$#
�$&��!)'(�&��


	



	�


	�


	�


	�

�	


��
��



��

�

�

��
�


�
��

��
��


�
��


�
��

�


� ����"������"�
����� ��� ��"���

�� ���#!"� �	

	�	���
	����	
	����

	
����
	��
��
�
���
�����
�
���

	���

���

�#
 $

�$
��

�"�
�

��
��

�%
!�

��
��

�
��

�




��
�




��

��
��

��
��


�
��

�


� ����"������"�
����� ��� ��"���

�� ���#!"� �


��
��

�
��

�

�

��
�


�
��

��
��


�
��


�
��

�


� ����"������"�
����� ��� ��"���

�� ���#!"� ��

��
��



��

�

�

��
�


�
��

��
��


�
��


�
��

��

� ����"������"�
����� ��� ��"���

�� ���#!"� ��

��
��



��

�

�

��
�


�
��

��
��


�
��


�
��

�


� ����"������"�
����� ��� ��"���

�� ���#!"� �


����

��



��
�

���


	���

• SUPPORT dataset 
[Knaus et al 1995]

• Train DeepSurv

Image Data

• Encoder    is MLP 
(last activation 
normalizes vector 
to have norm 1)

<latexit sha1_base64="/EaxH+E62vhYdONBOelqf31p7d8=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiTia1kQwWUF+4A2lMl00gydmYSZiVBCf8GNC0Xc+kPu3PkpTpoutPXAhcM593LvPUHCmTau++WUVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq26ANeVM0pZhhtNuoigWAaedYHyT+51HqjSL5YOZJNQXeCRZyAg2udRPIjao1ty6OwNaJt6c1GCO5qD62R/GJBVUGsKx1j3PTYyfYWUY4XRa6aeaJpiM8Yj2LJVYUO1ns1un6MQqQxTGypY0aKb+nsiw0HoiAtspsIn0opeL/3m91ITXfsZkkhoqSbEoTDkyMcofR0OmKDF8YgkmitlbEYmwwsTYeCo2BG/x5WXSPqt7l/WL+/Na4/a7iKMMR3AMp+DBFTTgDprQAgIRPMELvDrCeXbenPeiteTMIzyEP3A+fgBaL48s</latexit>

�

•  is a linear layer 
with 1 output

<latexit sha1_base64="/2jXnKkTAHDfQ8WnVXDgLHF2//A=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgyI4DEBs0AyhJ5OTdKmp2fo7hHCkC/w4kERr36SN29+ip3loIkPCh7vVVFVL0gE18Z1v5zcyura+kZ+s7C1vbO7V9w/aOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDPxm4+oNI/lvRkl6Ee0L3nIGTVWqvW7xZJbdqcgy8SbkxLMUe0WPzu9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTQ8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCaz/jMkkNSjZbFKaCmJhMviY9rpAZMbKEMsXtrYQNqKLM2GwKNgRv8eVl0jgre5fli9p5qXL7PYsjD0dwDKfgwRVU4A6qUAcGCE/wAq/Og/PsvDnvs9acM4/wEP7A+fgBEyuN2A==</latexit>g

• Plot raw feature vs 
projection onto 
anchor direction 
as heatmap

• Plot conditional 
survival function vs 
projection onto 
anchor direction 
as heatmap

Raw feature heatmap

Survival probability heatmap 
(each column is a conditional survival function)

Heatmaps help 
understand what 

semantics might be 
captured by different 

anchor directions
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Digit 8

Digit 6
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Digit 4
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Digit 5
Digit 9 Digit 0
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• Survival MNIST dataset (MNIST [LeCun et al 2010] 
modified to have survival outcomes [Pölsterl 2019])

• Train DeepSurv 
(encoder is CNN & outputs vectors with norm 1)

• Plot raw input images (random samples) vs 
projection onto anchor direction

Raw inputs vs projection plot
Also possible to plot convolution filter output 

images (random samples) vs projections

With only survival labels (no classification labels), learned 
embedding space does not easily distinguish different digits 

(digits 0, 7, and 9 have similar mean survival times)
More plots are in 

the paper

Digits with higher ground truth mean 
survival time are censored more often Example: digit 0 is always censored

Main contribution: new framework for visualizing any intermediate 
embedding representation of any neural survival model
• Based on angular information 

(ignores embedding vector magnitudes and only considers their directions)
• Identifies anchor directions in an intermediate embedding space 

& relates these directions to raw features & survival time distributions
• Comes with statistical tests that can optionally be applied
• Serves as a debugging tool & provides info not conveyed in a t-SNE plot

• While many visualization strategies have been developed for classification 
(e.g., saliency maps), these strategies do not easily extend to survival analysis

Disclaimer: our framework focuses on a single embedding space at a time 
& does not “explain” how the overall neural survival model actually makes predictions

• Assume neural survival model has already been trained
• DeepSurv (and other neural survival models) can be depicted as:

We treat learned neural net    as fixed & similarly encoder     also as fixed
<latexit sha1_base64="inLYLSiYjvU5J7hRajbCGibfWAU=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgyI4DEBs0AyhJ5OTdKmp2fo7hHCkC/w4kERr36SN29+ip3loIkPCh7vVVFVL0gE18Z1v5zcyura+kZ+s7C1vbO7V9w/aOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDPxm4+oNI/lvRkl6Ee0L3nIGTVWqoXdYsktu1OQZeLNSQnmqHaLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sWypphNrPpoeOyYlVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhtZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLn9nsWRhyM4hlPw4AoqcAdVqAMDhCd4gVfnwXl23pz3WWvOmUd4CH/gfPwAEaeN1w==</latexit>

f
<latexit sha1_base64="/EaxH+E62vhYdONBOelqf31p7d8=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiTia1kQwWUF+4A2lMl00gydmYSZiVBCf8GNC0Xc+kPu3PkpTpoutPXAhcM593LvPUHCmTau++WUVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq26ANeVM0pZhhtNuoigWAaedYHyT+51HqjSL5YOZJNQXeCRZyAg2udRPIjao1ty6OwNaJt6c1GCO5qD62R/GJBVUGsKx1j3PTYyfYWUY4XRa6aeaJpiM8Yj2LJVYUO1ns1un6MQqQxTGypY0aKb+nsiw0HoiAtspsIn0opeL/3m91ITXfsZkkhoqSbEoTDkyMcofR0OmKDF8YgkmitlbEYmwwsTYeCo2BG/x5WXSPqt7l/WL+/Na4/a7iKMMR3AMp+DBFTTgDprQAgIRPMELvDrCeXbenPeiteTMIzyEP3A+fgBaL48s</latexit>

�

Neural net

Intermediate embedding space to be visualized 
(modeler can choose precisely which initial layers of     to treat as the encoder)

<latexit sha1_base64="YNH1PV387sjj/rJWzTjjjVzQlhs=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBHqpsyIr2VBBJcV7APaoWTSTBuaSUKSEcvQj3DjQhG3fo87d36K6WOhrQcuHM65l3vviRRnxvr+l7e0vLK6tp7byG9ube/sFvb260ammtAakVzqZoQN5UzQmmWW06bSFCcRp41ocD32Gw9UGybFvR0qGia4J1jMCLZOarRVn5UeTzqFol/2J0CLJJiRIsxQ7RQ+211J0oQKSzg2phX4yoYZ1pYRTkf5dmqowmSAe7TlqMAJNWE2OXeEjp3SRbHUroRFE/X3RIYTY4ZJ5DoTbPtm3huL/3mt1MZXYcaESi0VZLooTjmyEo1/R12mKbF86AgmmrlbEeljjYl1CeVdCMH8y4ukfloOLsrnd2fFys33NI4cHMIRlCCAS6jALVShBgQG8AQv8Oop79l7896nrUveLMID+APv4wf/RZAT</latexit>

�(x)
<latexit sha1_base64="KYOYbMRyX4jwhcdP8j6Y9LFIMkU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2FX4uMYEMFjBPOAZAmzk9lkyMzsMjMrhiW/4MWDIl79IW/e/BRnkxw0saChqOqmuyuIOdPGdb+c3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYyuM7/1QJVmkbw345j6Ag8kCxnBJpPC8uNpr1hyK+4UaJl4c1KCOeq94me3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n05vnaATq/RRGClb0qCp+nsixULrsQhsp8BmqBe9TPzP6yQmvPJTJuPEUElmi8KEIxOh7HHUZ4oSw8eWYKKYvRWRIVaYGBtPwYbgLb68TJpnFe+icn5XLdVuvmdx5OEIjqEMHlxCDW6hDg0gMIQneIFXRzjPzpvzPmvNOfMID+EPnI8fswaOvg==</latexit>

f(x)

<latexit sha1_base64="/2jXnKkTAHDfQ8WnVXDgLHF2//A=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgyI4DEBs0AyhJ5OTdKmp2fo7hHCkC/w4kERr36SN29+ip3loIkPCh7vVVFVL0gE18Z1v5zcyura+kZ+s7C1vbO7V9w/aOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDPxm4+oNI/lvRkl6Ee0L3nIGTVWqvW7xZJbdqcgy8SbkxLMUe0WPzu9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTQ8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCaz/jMkkNSjZbFKaCmJhMviY9rpAZMbKEMsXtrYQNqKLM2GwKNgRv8eVl0jgre5fli9p5qXL7PYsjD0dwDKfgwRVU4A6qUAcGCE/wAq/Og/PsvDnvs9acM4/wEP7A+fgBEyuN2A==</latexit>g
<latexit sha1_base64="/EaxH+E62vhYdONBOelqf31p7d8=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiTia1kQwWUF+4A2lMl00gydmYSZiVBCf8GNC0Xc+kPu3PkpTpoutPXAhcM593LvPUHCmTau++WUVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq26ANeVM0pZhhtNuoigWAaedYHyT+51HqjSL5YOZJNQXeCRZyAg2udRPIjao1ty6OwNaJt6c1GCO5qD62R/GJBVUGsKx1j3PTYyfYWUY4XRa6aeaJpiM8Yj2LJVYUO1ns1un6MQqQxTGypY0aKb+nsiw0HoiAtspsIn0opeL/3m91ITXfsZkkhoqSbEoTDkyMcofR0OmKDF8YgkmitlbEYmwwsTYeCo2BG/x5WXSPqt7l/WL+/Na4/a7iKMMR3AMp+DBFTTgDprQAgIRPMELvDrCeXbenPeiteTMIzyEP3A+fgBaL48s</latexit>

�Encoder 

Embedding 
vector

Neural net 
output

we now omit learned parameters  
which are treated as fixed

<latexit sha1_base64="mpxC7mnJRcUN7UzzF8NGj8E9fb8="></latexit>

, f(x; b✓) = g(�(x))

Raw 
input

<latexit sha1_base64="Kkn+8Gr6yBa1BxnLFsHcNmGSxMA=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUbcjgERPCZgFkiG0NOpSdr09AzdPWIY8gVePCji1U/y5s1PsbMcNPFBweO9KqrqBYng2rjul7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xgMqzWN5Z4YJ+hHtSR5yRo2Vqo+dQtEtuROQReLNSBFmqHQKn+1uzNIIpWGCat3y3MT4GVWGM4GjfDvVmFA2oD1sWSpphNrPJoeOyLFVuiSMlS1pyET9PZHRSOthFNjOiJq+nvfG4n9eKzXhlZ9xmaQGJZsuClNBTEzGX5MuV8iMGFpCmeL2VsL6VFFmbDZ5G4I3//IiqZ+WvIvSefWsWL75nsaRg0M4ghPw4BLKcAsVqAEDhCd4gVfn3nl23pz3aeuSM4vwAP7A+fgBLO+N6Q==</latexit>x

Post-processing
<latexit sha1_base64="f9V/V4Q87bVlMtJ/bh7Yh9/+lEQ=">AAAB+XicbZBLSwMxFIUzPmt9jbp0EyxC3ZQZ8bUsiOCyon1AO5RMJtOGZjJDcqdaxv4TNy4Uces/cefOn2L6WGjrgcDHOTfk5viJ4Boc58taWFxaXlnNreXXNza3tu2d3ZqOU0VZlcYiVg2faCa4ZFXgIFgjUYxEvmB1v3c5yut9pjSP5R0MEuZFpCN5yCkBY7Vtu3XPA9YlkN0Oi/D4cNS2C07JGQvPgzuFApqq0rY/W0FM04hJoIJo3XSdBLyMKOBUsGG+lWqWENojHdY0KEnEtJeNNx/iQ+MEOIyVORLw2P19IyOR1oPIN5MRga6ezUbmf1kzhfDCy7hMUmCSTh4KU4EhxqMacMAVoyAGBghV3OyKaZcoQsGUlTcluLNfnofacck9K53enBTKV9+TOnJoHx2gInLROSqja1RBVURRHz2hF/RqZdaz9Wa9T0YXrGmFe+iPrI8fzFWUfg==</latexit>

bS(t|x)

<latexit sha1_base64="DfN5dUGDsSLtzEc/MCE+eVgHjWQ=">AAAB+XicbZBLS8NAFIUn9VXrK+rSTbAIrkoiVbssiOCygn1AU8pketsMnTyYuamU0H/ixoUibv0n7tz5U5w0FbR6YODjnDvMnePFgiu07Q+jsLK6tr5R3Cxtbe/s7pn7By0VJZJBk0Uikh2PKhA8hCZyFNCJJdDAE9D2xldZ3p6AVDwK73AaQy+go5APOaOorb5puvd8AD7F1EUfkM76Ztmu1OxMll2pfoOdg7OAMlmo0Tff3UHEkgBCZIIq1XXsGHsplciZgFnJTRTElI3pCLoaQxqA6qXzzWfWiXYG1jCS+oRozd2fN1IaKDUNPD0ZUPTVcpaZ/2XdBIe1XsrDOEEIWf7QMBEWRlZWgzXgEhiKqQbKJNe7WsynkjLUZZV0Cc7yl/9C66ziXFTOb6vl+vVnXkeRHJFjckoccknq5IY0SJMwMiEP5Ik8G6nxaLwYr/lowVhUeEh+yXj7Anl1lPA=</latexit>

b✓

<latexit sha1_base64="LDy4XwbHMgZFT1gAP8iZ/mkNlK0=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO2yIILLFuwF2lAm00k7djIJMxOhhD6BGxeKuPWR3LnzUZw0FbT6w8DHf85wzvn9mDOlHefDKqysrq1vFDdLW9s7u3vl/YO2ihJJaItEPJJdHyvKmaAtzTSn3VhSHPqcdvzJVVbv3FOpWCRu9TSmXohHggWMYG2sZjAoVxy75mRCjl39BicHdwEVWKgxKL/3hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v78keJQqWnom84Q67FarmXmf7VeooOalzIRJ5oKkg8KEo50hLKr0ZBJSjSfGsBEMrMrImMsMdEmm5IJwV0++S+0z2z3wj5vViv16888jiIcwTGcgguXUIcbaEALCFB4gCd4tu6sR+vFes1bC9YiwkP4JevtCyNrjeM=</latexit>

f

<latexit sha1_base64="shKgYj/UyPKUHgeoL2nNRsx9Ybw=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1kQwWUF2waaECbTSTt0ZhJmJkII9VfcuFDErR/izp2f4qTtQlsPXDiccy9z5kQpo0o7zpdVWVldW9+obta2tnd29+z9g65KMolJBycskV6EFGFUkI6mmhEvlQTxiJFeNL4u/d4DkYom4l7nKQk4GgoaU4y0kUK77kFfUQ59jvQoior2JPRCu+E0nSngMnHnpAHmaIf2pz9IcMaJ0Jghpfquk+qgQFJTzMik5meKpAiP0ZD0DRWIExUU0/ATeGyUAYwTaUZoOFV/XxSIK5XzyGyWGdWiV4r/ef1Mx1dBQUWaaSLw7KE4Y1AnsGwCDqgkWLPcEIQlNVkhHiGJsDZ91UwJ7uKXl0n3tOleNM/vzhqtm+9ZHVVwCI7ACXDBJWiBW9AGHYBBDp7AC3i1Hq1n6816n61WrHmFdfAH1scPamuVXA==</latexit>

X ⇠ PX

Random raw input
Random 

embedding vector
<latexit sha1_base64="nqiIN8czEtQzt4ny5JY4vZDXl5A=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKr4sQEMFjBDcJbJYwO5lNhszOLDO9QljyGV48KOLVr/HmzU9x8jhoYkFDUdVNd1eUCm7Adb+cpeWV1bX1wkZxc2t7Z7e0t98wKtOU+VQJpVsRMUxwyXzgIFgr1YwkkWDNaHAz9puPTBuu5AMMUxYmpCd5zCkBKwU+vsbttM8rrZNOqexW3QnwIvFmpIxmqHdKn+2uolnCJFBBjAk8N4UwJxo4FWxUbGeGpYQOSI8FlkqSMBPmk5NH+NgqXRwrbUsCnqi/J3KSGDNMItuZEOibeW8s/ucFGcRXYc5lmgGTdLoozgQGhcf/4y7XjIIYWkKo5vZWTPtEEwo2paINwZt/eZE0TqveRfX8/qxcu/2exlFAh+gIVZCHLlEN3aE68hFFCj2hF/TqgPPsvDnv09YlZxbhAfoD5+MHqBGQ7Q==</latexit>

U = �(X)

<latexit sha1_base64="rE2p/7BcydMZrOR2lOTHcpPA6Zw="></latexit>

eU =
U � E[U ]

kU � E[U ]k

Consider the 
normalized version

Distribution of   is on a hypersphere
<latexit sha1_base64="bbF32Oitl6XhEE6HaInojPUUHIs=">AAAB9HicbZBPS8MwGMbT+W/Of1OPXoJD8FRa0elxIILHCXYbbGWk6bstLE1rkk5G2efw4kERr34Yb978KGZbBZ0+EHh4njfkzS9IOFPacT6swtLyyupacb20sbm1vVPe3WuoOJUUPBrzWLYCooAzAZ5mmkMrkUCigEMzGF5O++YIpGKxuNXjBPyI9AXrMUq0ifzOPQtBMx5C5k265YpjOzNhx65+mzxxc1NBuerd8nsnjGkagdCUE6XarpNoPyNSM8phUuqkChJCh6QPbWMFiUD52WzpCT4ySYh7sTRHaDxLf97ISKTUOArMZET0QC120/C/rp3q3oWfMZGkGgSdP9RLOdYxnhLAIZNANR8bQ6hkZldMB0QSqg2nkoHgLn75r2mc2G7VPrs5rdSuPuc4iugAHaJj5KJzVEPXqI48RNEdekBP6NkaWY/Wi/U6Hy1YOcJ99EvW2xeHE5NT</latexit>

eU

Consider any user-specified “anchor direction” <latexit sha1_base64="NWieiKp/OfI3MFYdKx/z/dxUdsQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVHzkGRPAY0TwgWcLsZDYZMjO7zMwKIeQTvHhQxKtf5M2bn+JsNgEVLWgoqrrp7goTzrTxvA+nsLS8srpWXC9tbG5t75R395o6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthaPLzG/dU6VZLO/MOKGBwAPJIkawsdJtV6S9csVzq14G5LnegpzmxJ8rFZij3iu/d/sxSQWVhnCsdcf3EhNMsDKMcDotdVNNE0xGeEA7lkosqA4ms1On6MgqfRTFypY0aKZ+n5hgofVYhLZTYDPUv71M/MvrpCaqBhMmk9RQSfJFUcqRiVH2N+ozRYnhY0swUczeisgQK0yMTadkQ1h8iv4nzRPXP3fPbk4rtavPPI4iHMAhHIMPF1CDa6hDAwgM4AGe4NnhzqPz4rzmrQVnHuE+/IDz9gW1pY7P</latexit>µ

(we automatically estimate anchor directions shortly)

cosine similarity between                      and   
(always between -1 and 1)

<latexit sha1_base64="YisFE7ImUdT3WONEcvmwNaKtavo=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBItSFIZGqXRak4LKCaYUklMl00g6dXJiZiCV046u4caGIWx/DnTsfxUlTQas/DHz85wznnN9PGBXSND+00sLi0vJKebWytr6xuaVv73REnHJMbByzmN/4SBBGI2JLKhm5SThBoc9I1x9d5PXuLeGCxtG1HCfEC9EgogHFSCqrp++5yZDW7o7gMXRDJIe+n7Umju319KppNMxc0DTq32AWYM2gCmZq9/R3tx/jNCSRxAwJ4VhmIr0McUkxI5OKmwqSIDxCA+IojFBIhJdND5jAQ+X0YRBz9SIJp+7PHxkKhRiHvurMlxTztdz8r+akMmh4GY2SVJIIF4OClEEZwzwN2KecYMnGChDmVO0K8RBxhKXKrKJCsOZP/gudE8M6M06v6tVm67OIowz2wQGoAQucgya4BG1gAwwm4AE8gWftXnvUXrTXorWkzSLcBb+kvX0BfUiWcQ==</latexit>

�(x)� E[U ] <latexit sha1_base64="NWieiKp/OfI3MFYdKx/z/dxUdsQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVHzkGRPAY0TwgWcLsZDYZMjO7zMwKIeQTvHhQxKtf5M2bn+JsNgEVLWgoqrrp7goTzrTxvA+nsLS8srpWXC9tbG5t75R395o6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthaPLzG/dU6VZLO/MOKGBwAPJIkawsdJtV6S9csVzq14G5LnegpzmxJ8rFZij3iu/d/sxSQWVhnCsdcf3EhNMsDKMcDotdVNNE0xGeEA7lkosqA4ms1On6MgqfRTFypY0aKZ+n5hgofVYhLZTYDPUv71M/MvrpCaqBhMmk9RQSfJFUcqRiVH2N+ozRYnhY0swUczeisgQK0yMTadkQ1h8iv4nzRPXP3fPbk4rtavPPI4iHMAhHIMPF1CDa6hDAwgM4AGe4NnhzqPz4rzmrQVnHuE+/IDz9gW1pY7P</latexit>µ

For any raw input , define projection onto  :<latexit sha1_base64="Kkn+8Gr6yBa1BxnLFsHcNmGSxMA=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUbcjgERPCZgFkiG0NOpSdr09AzdPWIY8gVePCji1U/y5s1PsbMcNPFBweO9KqrqBYng2rjul7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xgMqzWN5Z4YJ+hHtSR5yRo2Vqo+dQtEtuROQReLNSBFmqHQKn+1uzNIIpWGCat3y3MT4GVWGM4GjfDvVmFA2oD1sWSpphNrPJoeOyLFVuiSMlS1pyET9PZHRSOthFNjOiJq+nvfG4n9eKzXhlZ9xmaQGJZsuClNBTEzGX5MuV8iMGFpCmeL2VsL6VFFmbDZ5G4I3//IiqZ+WvIvSefWsWL75nsaRg0M4ghPw4BLKcAsVqAEDhCd4gVfn3nl23pz3aeuSM4vwAP7A+fgBLO+N6Q==</latexit>x <latexit sha1_base64="NWieiKp/OfI3MFYdKx/z/dxUdsQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVHzkGRPAY0TwgWcLsZDYZMjO7zMwKIeQTvHhQxKtf5M2bn+JsNgEVLWgoqrrp7goTzrTxvA+nsLS8srpWXC9tbG5t75R395o6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthaPLzG/dU6VZLO/MOKGBwAPJIkawsdJtV6S9csVzq14G5LnegpzmxJ8rFZij3iu/d/sxSQWVhnCsdcf3EhNMsDKMcDotdVNNE0xGeEA7lkosqA4ms1On6MgqfRTFypY0aKZ+n5hgofVYhLZTYDPUv71M/MvrpCaqBhMmk9RQSfJFUcqRiVH2N+ozRYnhY0swUczeisgQK0yMTadkQ1h8iv4nzRPXP3fPbk4rtavPPI4iHMAhHIMPF1CDa6hDAwgM4AGe4NnhzqPz4rzmrQVnHuE+/IDz9gW1pY7P</latexit>µ
<latexit sha1_base64="PtI8zgromTTbA1tVPh4WOtCyhOo="></latexit>

projµ(x) ,
D �(x)� E[U ]

k�(x)� E[U ]k ,
µ

kµk

E

Visualization idea: look at how raw features/survival times of  vary vs <latexit sha1_base64="Kkn+8Gr6yBa1BxnLFsHcNmGSxMA=">AAAB6HicbVDJSgNBEK1xjXGLevTSGARPYUbcjgERPCZgFkiG0NOpSdr09AzdPWIY8gVePCji1U/y5s1PsbMcNPFBweO9KqrqBYng2rjul7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xgMqzWN5Z4YJ+hHtSR5yRo2Vqo+dQtEtuROQReLNSBFmqHQKn+1uzNIIpWGCat3y3MT4GVWGM4GjfDvVmFA2oD1sWSpphNrPJoeOyLFVuiSMlS1pyET9PZHRSOthFNjOiJq+nvfG4n9eKzXhlZ9xmaQGJZsuClNBTEzGX5MuV8iMGFpCmeL2VsL6VFFmbDZ5G4I3//IiqZ+WvIvSefWsWL75nsaRg0M4ghPw4BLKcAsVqAEDhCd4gVfn3nl23pz3aeuSM4vwAP7A+fgBLO+N6Q==</latexit>x
<latexit sha1_base64="RFfMxwqLsIyfy9X20G5DRhKSCnY=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIFaTMSNUuXBREcFnBXqAzlEyatrGZC8kZaRnmZdz4Km5cWERwpY9iegOtHgh8/P/JycnvhoIrMM0PI7W0vLK6ll7PbGxube9kd/dqKogkZVUaiEA2XKKY4D6rAgfBGqFkxHMFq7v9q7Fff2BS8cC/g2HIHI90fd7hlICWWtlLG9gA4lAG90krticDm7LrOrFZKJnjOjEL5hyKE0iw7UVJfnDcyubmJv4L1gxyaFaVVnZktwMaecwHKohSTcsMwYmJBE4FSzJ2pFhIaJ90WVOjTzymnHiyVIKPtNLGnUDq4wOeqD9vxMRTaui5utMj0FOL3lj8z2tG0Ck5MffDCJhPpw91IoEhwOPIcJtLRkEMNRAqud4V0x6RhIIONqNDsBa//BdqpwXrvHB2W8yVr7+mcaTRATpEeWShC1RGN6iCqoiiR/SMXtHIeDJejDfjfdqaMmYR7qNfZXx+AxjSooY=</latexit>

projµ(x)

High-level strategy

How to automatically determine anchor directions to use?
• Method #1: cluster on embedding vectors (bring your own clustering algorithm)

We propose a novel violin plot based on the standard 
survival analysis log-rank test to select # of clusters

average of embedding 
vectors of female patients

<latexit sha1_base64="ZHawfiOJPEOavuxZnAmYfVWiVwY=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkVH7kIARE8RjAPSJYwO5lNhszMLjOzQgj5BS8eFPHqD3nz5qc4m01ARQsaiqpuurvChDNtPO/DKSwtr6yuFddLG5tb2zvl3b2mjlNFaIPEPFbtEGvKmaQNwwyn7URRLEJOW+HoKvNb91RpFss7M05oIPBAsogRbDKpK9LLXrniuVUvA/Jcb0FOc+LPlQrMUe+V37v9mKSCSkM41rrje4kJJlgZRjidlrqppgkmIzygHUslFlQHk9mtU3RklT6KYmVLGjRTv09MsNB6LELbKbAZ6t9eJv7ldVITVYMJk0lqqCT5oijlyMQoexz1maLE8LElmChmb0VkiBUmxsZTsiEsPkX/k+aJ65+7Z7enldr1Zx5HEQ7gEI7BhwuowQ3UoQEEhvAAT/DsCOfReXFe89aCM49wH37AefsCOE6PFg==</latexit>µ =
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<latexit sha1_base64="/EaxH+E62vhYdONBOelqf31p7d8=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiTia1kQwWUF+4A2lMl00gydmYSZiVBCf8GNC0Xc+kPu3PkpTpoutPXAhcM593LvPUHCmTau++WUVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq26ANeVM0pZhhtNuoigWAaedYHyT+51HqjSL5YOZJNQXeCRZyAg2udRPIjao1ty6OwNaJt6c1GCO5qD62R/GJBVUGsKx1j3PTYyfYWUY4XRa6aeaJpiM8Yj2LJVYUO1ns1un6MQqQxTGypY0aKb+nsiw0HoiAtspsIn0opeL/3m91ITXfsZkkhoqSbEoTDkyMcofR0OmKDF8YgkmitlbEYmwwsTYeCo2BG/x5WXSPqt7l/WL+/Na4/a7iKMMR3AMp+DBFTTgDprQAgIRPMELvDrCeXbenPeiteTMIzyEP3A+fgBaL48s</latexit>

�Encoder 

Technical details (see paper for details):

• Method #2: if anchor direction should capture concept such as “female”

• Assume i.i.d. data split into train/anchor direction estimation/visualization sets

Example:
<latexit sha1_base64="inLYLSiYjvU5J7hRajbCGibfWAU=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgyI4DEBs0AyhJ5OTdKmp2fo7hHCkC/w4kERr36SN29+ip3loIkPCh7vVVFVL0gE18Z1v5zcyura+kZ+s7C1vbO7V9w/aOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDPxm4+oNI/lvRkl6Ee0L3nIGTVWqoXdYsktu1OQZeLNSQnmqHaLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sWypphNrPpoeOyYlVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhtZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLn9nsWRhyM4hlPw4AoqcAdVqAMDhCd4gVfnwXl23pz3WWvOmUd4CH/gfPwAEaeN1w==</latexit>

f
<latexit sha1_base64="/EaxH+E62vhYdONBOelqf31p7d8=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgqiTia1kQwWUF+4A2lMl00gydmYSZiVBCf8GNC0Xc+kPu3PkpTpoutPXAhcM593LvPUHCmTau++WUVlbX1jfKm5Wt7Z3dver+QVvHqSK0RWIeq26ANeVM0pZhhtNuoigWAaedYHyT+51HqjSL5YOZJNQXeCRZyAg2udRPIjao1ty6OwNaJt6c1GCO5qD62R/GJBVUGsKx1j3PTYyfYWUY4XRa6aeaJpiM8Yj2LJVYUO1ns1un6MQqQxTGypY0aKb+nsiw0HoiAtspsIn0opeL/3m91ITXfsZkkhoqSbEoTDkyMcofR0OmKDF8YgkmitlbEYmwwsTYeCo2BG/x5WXSPqt7l/WL+/Na4/a7iKMMR3AMp+DBFTTgDprQAgIRPMELvDrCeXbenPeiteTMIzyEP3A+fgBaL48s</latexit>

�
<latexit sha1_base64="inLYLSiYjvU5J7hRajbCGibfWAU=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgyI4DEBs0AyhJ5OTdKmp2fo7hHCkC/w4kERr36SN29+ip3loIkPCh7vVVFVL0gE18Z1v5zcyura+kZ+s7C1vbO7V9w/aOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDPxm4+oNI/lvRkl6Ee0L3nIGTVWqoXdYsktu1OQZeLNSQnmqHaLn51ezNIIpWGCat323MT4GVWGM4HjQifVmFA2pH1sWypphNrPpoeOyYlVeiSMlS1pyFT9PZHRSOtRFNjOiJqBXvQm4n9eOzXhtZ9xmaQGJZstClNBTEwmX5MeV8iMGFlCmeL2VsIGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLn9nsWRhyM4hlPw4AoqcAdVqAMDhCd4gVfnwXl23pz3WWvOmUd4CH/gfPwAEaeN1w==</latexit>

f

• We show a systematic “clumping” pattern our framework exhibits when 
embedding vectors encode information mostly in magnitudes instead of directions

Can run statistical test 
of association between 
raw feature & projection 

(details in paper; 
enables ranking raw 

features)

<latexit sha1_base64="oZeNzMaW9E0/ZsGF9HXclTWaQjA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAYhXsKMuIGXgAgeo5gFMiH0dHqSJj09Q3eNGIaAF3/FiwdFvPoT3rz5KXaWgyY+KHi8V0VVPT8WXIPjfFmZufmFxaXscm5ldW19w97cquooUZRVaCQiVfeJZoJLVgEOgtVjxUjoC1bzexdDv3bHlOaRvIV+zJoh6UgecErASC17Jyjcn3vQZUAOsMcl9kICXd9PbwYtO+8UnRHwLHEnJI8mKLfsT68d0SRkEqggWjdcJ4ZmShRwKtgg5yWaxYT2SIc1DJUkZLqZjn4Y4H2jtHEQKVMS8Ej9PZGSUOt+6JvO4YV62huK/3mNBIKzZsplnACTdLwoSASGCA8DwW2uGAXRN4RQxc2tmHaJIhRMbDkTgjv98iypHhbdk+Lx9VG+dPk9jiOLdtEeKiAXnaISukJlVEEUPaAn9IJerUfr2Xqz3setGWsS4Tb6A+vjBzhLl/8=</latexit>

f(x; ✓) 2 R

<latexit sha1_base64="DiRFGzho+iKSA/VDCmtatnVfnv4=">AAACAHicbZDLSsNAFIYnXmu9RV24cBMsggspiVTtsqCCyyr2Ak0sk+mkHTqZhJkTsYRufBU3LhRx62O4c+ejOGkraPWHgY//nOGc8/sxZwps+8OYmZ2bX1jMLeWXV1bX1s2NzbqKEklojUQ8kk0fK8qZoDVgwGkzlhSHPqcNv3+a1Ru3VCoWiWsYxNQLcVewgBEM2mqb23cHLvQoYJcJN8TQ8/30anhz1jYLdrFsZ7LsYukb7DE4Eyigiapt893tRCQJqQDCsVItx47BS7EERjgd5t1E0RiTPu7SlkaBQ6q8dHTA0NrTTscKIqmfAGvk/vyR4lCpQejrzmxHNV3LzP9qrQSCspcyESdABRkPChJuQWRlaVgdJikBPtCAiWR6V4v0sMQEdGZ5HYIzffJfqB8WnePi0WWpUDn/HMeRQztoF+0jB52gCrpAVVRDBA3RA3pCz8a98Wi8GK/j1hljEuEW+iXj7Qs1GZeJ</latexit>

x, ✓ 2 RD

•    is a multilayer perceptron with ReLU activations
• We take     to be everything in    prior to the last linear layer

<latexit sha1_base64="cBI8kuXHMjIGzNuaz7wqC3rJ8Is=">AAACA3icdZBLSwMxFIUz9VXrq+pON9EiuCpTqdqNUBDBZQX7gE4pmfS2jc08SO6IZai48a+4caGIW/+EO3f+FNMXqOiBwOE7NyT3uKEUGm37w0rMzM7NLyQXU0vLK6tr6fWNig4ixaHMAxmomss0SOFDGQVKqIUKmOdKqLq902FevQalReBfYj+Ehsc6vmgLztCgZnrL8aJm7CDcYMxlpBHU4NbZuRrQk2Y6Y2cL9lDUztpTkx+b3IRkyESlZvrdaQU88sBHLpnW9ZwdYiNmCgWXMEg5kYaQ8R7rQN1Yn3mgG/FohwHdM6RF24Eyx0c6ot9vxMzTuu+5ZtJj2NW/syH8K6tH2C40YuGHEYLPxw+1I0kxoMNCaEso4Cj7xjCuhPkr5V2mGDdV6JQpYbop/d9UDrK5o+zhRT5TPPsc15Ek22SX7JMcOSZFck5KpEw4uSMP5Ik8W/fWo/VivY5HE9akwk3yQ9bbF/2EmRo=</latexit>µcluster j =
average of embedding 

vectors in cluster  
<latexit sha1_base64="pZ3vwyI5AyNNi/ul/wWLQfUqFqM=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFRLx0WVBBJct2Ae0oUymN+20k0mYmQgl9AvcuFDErZ/kzp2f4qRpQUUPXDiccy/33uPHnCntOB9WYWV1bX2juFna2t7Z3SvvH7RUlEgKTRrxSHZ8ooAzAU3NNIdOLIGEPoe2P7nO/PY9SMUicaenMXghGQoWMEq0kRrjfrni2FUnA3ZsZ0nOc+IulApaoN4vv/cGEU1CEJpyolTXdWLtpURqRjnMSr1EQUzohAyha6ggISgvnR86wydGGeAgkqaExnP1+0RKQqWmoW86Q6JH6reXiX953UQHVS9lIk40CJovChKOdYSzr/GASaCaTw0hVDJzK6YjIgnVJpuSCWH5Kf6ftM5s99K+aJxXajefeRxFdISO0Sly0RWqoVtUR01EEaAH9ISerbH1aL1Yr3lrwVpEeIh+wHr7AilXjec=</latexit>

j
average of embedding vectors<latexit sha1_base64="TZOBbx6D+xEjCMu0LTSCWKv7Ubc=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4MSRStceCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN2/+FDdNCyr6YODx3gwz8/yYM6Ud58NaWl5ZXVsvbBQ3t7Z3dkt7+y0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj68yv30PUrFI3OpJDF5IhoIFjBJtpMZpv1R27KqTATu2syCVnLhzpYzmqPdL771BRJMQhKacKNV1nVh7KZGaUQ7TYi9REBM6JkPoGipICMpLZ4dO8bFRBjiIpCmh8Uz9PpGSUKlJ6JvOkOiR+u1l4l9eN9FB1UuZiBMNguaLgoRjHeHsazxgEqjmE0MIlczciumISEK1yaZoQlh8iv8nrTPbvbDPG5Vy7fozj6OADtEROkEuukQ1dIPqqIkoAvSAntCzdWc9Wi/Wa966ZM0jPEA/YL19AczUjao=</latexit>�

average of embedding vectors<latexit sha1_base64="TZOBbx6D+xEjCMu0LTSCWKv7Ubc=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4MSRStceCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN2/+FDdNCyr6YODx3gwz8/yYM6Ud58NaWl5ZXVsvbBQ3t7Z3dkt7+y0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj68yv30PUrFI3OpJDF5IhoIFjBJtpMZpv1R27KqTATu2syCVnLhzpYzmqPdL771BRJMQhKacKNV1nVh7KZGaUQ7TYi9REBM6JkPoGipICMpLZ4dO8bFRBjiIpCmh8Uz9PpGSUKlJ6JvOkOiR+u1l4l9eN9FB1UuZiBMNguaLgoRjHeHsazxgEqjmE0MIlczciumISEK1yaZoQlh8iv8nrTPbvbDPG5Vy7fozj6OADtEROkEuukQ1dIPqqIkoAvSAntCzdWc9Wi/Wa966ZM0jPEA/YL19AczUjao=</latexit>�

assumption needed so various statistical tests make sense

for training neural survival model

More plots + 1 more 
tabular dataset are in paper

Code:

https://github.com/georgehc/anchor-vis


