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Overview
• The need and challenges for Lifelong Machine Learning (LML) 
• Constant data stream

• Multiple tasks

• Knowledge retention 


• LML Methods 
• Learning without Forgetting (LwF)

• iCaRL

• Progressive Neural Networks


• Growing capacity & discover new classes
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Lifelong Machine Learning Methods (LML)
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;QRM͛�dbR�cVR�PZMbb�_a^OMOWZWcWRb�_a^QdPRQ�Oh�cVR�ZMaUR�\^QRZ�Mb�ͩb^Sc�cMaURcbͪ�S^a�
caMW]W]U�cVR�b\MZZ�\^QRZ

ż FVR�aMcW^b�^S�_a^OMOWZWcWRb�W]�cVR�b^Sc�cMaURcb�_a^eWQR�W]S^a\McW^]�MO^dc�cVR�ZRMa]RQ�Sd]PcW^]
ż FVRbR�aMcW^b�PMaah�W]S^a\McW^]�MO^dc�cVR�bcadPcdaR�^S�cVR�QMcM
ż FaMW]�Oh�aR_ZMPW]U�cVR�VMaQ�ZMORZb�fWcV�cVR�b^Sc\Mg�MPcWeMcW^]b�Sa^\�cVR�^aWUW]MZ�ZMaUR�\^QRZ

'LVWLOODWLRQ

+LQWRQ��*���9LQ\DOV��2���	�'HDQ��-��³'LVWLOOLQJ�WKH�.QRZOHGJH�LQ�D�1HXUDO�1HWZRUN´��1,36������'/�:RUNVKRS���±���
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'LVWLOODWLRQ

Ɣ F^�W]PaRMbR�cVR�W]SZdR]PR�^S�]^]͹cMaURc�PZMbb�_a^OMOWZWcWRb�W]�cVR�Pa^bb�R]ca^_h͜�cVR�
cR\_RaMcdaR�^S�cVR�SW]MZ�b^Sc\Mg�Wb�aMWbRQ�c^�ͩb^ScR]ͪ�cVR�SW]MZ�_a^OMOWZWch�QWbcaWOdcW^]�
^eRa�PZMbbRb

Ɣ FaM]bSRa�PM]�OR�^OcMW]RQ�Oh�dbW]U��cVR�bM\R�ZMaUR�\^QRZ�caMW]W]U�bRc�^a�M�bR_MaMcR�
caMW]W]U�bRc

Ɣ ;S�cVR�Ua^d]Q͹cadcV�ZMORZb�^S�cVR�caM]bSRa�bRc�MaR�Y]^f]͜�bcM]QMaQ�Z^bb�M]Q�QWbcWZZMcW^]�
Z^bb�PM]�OR�P^\OW]RQ
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/:)��/HDUQLQJ�ZLWKRXW�)RUJHWWLQJ�>/L����@

8^MZ͛�

2QQ�]Rf�_aRQWPcW^]�cMbYb�OMbRQ�^]�MQM_cW]U�bVMaRQ�_MaM\RcRab�fWcV^dc�MPPRbb�
c^�caMW]W]U�QMcM�S^a�_aReW^dbZh�ZRMa]RQ�cMbYb

E^ZdcW^]͛

GbW]U�^]Zh�RgM\_ZRb�S^a�cVR�]Rf�cMbY͜�^_cW\WjR�S^a�͛

Ɣ :WUV�MPPdaMPh�^]�cVR�]Rf�cMbY�
Ɣ BaRbRaeMcW^]�^S�aRb_^]bRb�^]�RgWbcW]U�cMbYb�Sa^\�cVR�^aWUW]MZ�]Rcf^aY�͈QWbcWZZMcW^]͜�:W]c^]	���͉
Ɣ Ec^aMURΧP^\_ZRgWch�Q^Rb�]^c�Ua^f�fWcV�cW\R͙�AZQ�bM\_ZRb�MaR�]^c�YR_c

3UHVHUYHV�SHUIRUPDQFH�RQ�ROG�WDVN�
�HYHQ�LI�LPDJHV�LQ�QHZ�WDVN�SURYLGH�D�SRRU�VDPSOLQJ�RI�ROG�WDVN�
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'LVWLOODWLRQ�ORVV ��
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/:)��/HDUQLQJ�ZLWKRXW�)RUJHWWLQJ�>/L����@

:HLJKW�GHFD\�RI�������0XOWLQRPLDO�ORJLVWLF�ORVV

'LVWLOODWLRQ�ORVV ��Require access to old data



L&D5/

8^MZ͛�

2QQ�]Rf�PZMbbRb�OMbRQ�^]�MQM_cW]U�bVMaRQ�_MaM\RcRab�fWcV�aRbcaWPcRQ�MPPRbb�c^�
caMW]W]U�QMcM�S^a�_aReW^dbZh�ZRMa]RQ�PZMbbRb͙

E^ZdcW^]͛

Ɣ 2�bdObRc�^S�caMW]W]U�bM\_ZRb�͈RgR\_ZMa�bRc͉�Sa^\�_aReW^db�PZMbbRb�Wb�bc^aRQ͙�
Ɣ 4^\OW]McW^]�^S�PZMbbWSWPMcW^]�Z^bb�S^a�]Rf�bM\_ZRb�M]Q�QWbcWZZMcW^]�Z^bb�S^a�^ZQ�bM\_ZRb͙
Ɣ FVR�bWjR�^S�cVR�RgR\_ZMa�bRc�Wb�YR_c�P^]bcM]c͙�2b�]Rf�PZMbbRb�MaaWeR͜�b^\R�RgM\_ZRb�

Sa^\�^ZQ�PZMbbRb�MaR�aR\^eRQ͙
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��



L&D5/��,QFUHPHQWDO�&ODVVLILHU�DQG�5HSUHVHQWDWLRQ�OHDUQLQJ

1HZ�H[HPSODU�VHW

([HPSODU�VHW�
�ROG�FODVVHV�

1HZ�WUDLQLQJ�GDWD�
�QHZ�FODVV�
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3URJUHVVLYH�1HXUDO�1HWZRUNV

8^MZ͛

>RMa]�M�bRaWRb�^S�cMbYb�W]�bR`dR]PR͜�dbW]U�Y]^fZRQUR�Sa^\�
_aReW^db�cMbYb�c^�W\_a^eR�P^]eRaUR]PR�b_RRQ

E^ZdcW^]͛

Ɣ ;]bcM]cWMcR�M�]Rf�@@�S^a�RMPV�cMbY�ORW]U�b^ZeRQ͜�fWcV�ZMcRaMZ�
P^]]RPcW^]b�c^�SRMcdaRb�^S�_aReW^dbZh�ZRMa]RQ�P^Zd\]b

Ɣ BaReW^db�cMbYb�caMW]W]U�QMcM�Wb�]^c�bc^aRQ͙�;\_ZWPWc�
aR_aRbR]cMcW^]�Mb�@@�fRWUVcb͙

Ɣ 4^\_ZRgWch�^S�cVR�\^QRZ�Ua^fb�fWcV�RMPV�cMbY
Ɣ FMbY�ZMORZb�]RRQRQ�Mc�cRbc�cW\R

��
5XVX�HW�DO���������3URJUHVVLYH�1HXUDO�1HWZRUNV��&R55��DU;LY�������������5HWULHYHG�IURP�KWWS���DU[LY�RUJ�DEV�����������
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Summary
• The need and challenges for LML 
• Constant data stream

• Multiple tasks

• Knowledge retention 


• LML Methods 
• Learning without Forgetting (LwF)

• iCaRL

• Progressive Neural Networks


• Growing capacity & discover new classes 
• Net2Net

• OOD detection (from Theme 2)



Questions?

Acknowledgement: slides are adapted from Ramon Morros’s tutorial at 

https://telecombcn-dl.github.io/2017-dlai/ 

https://telecombcn-dl.github.io/2017-dlai/

