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stuff from last time…

• Exam grading hopefully done by Sunday 
evening, regrades will be on for one week  

• note that scores can go down as well if you 
submit a regrade request 

• Homework 2 due May 4th 
• Final project reports due May 12, 11:59pm 

• Report PDF due on Gradescope, code via email 
to instructors account with README  

• Email with either public GitHub link or zip file is fine
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Knowledge distillation: 
A small model (the student) is trained to 
mimic the predictions of a much larger 

pretrained model (the teacher)

Bucila et al., 2006; Hinton et al., 2015



Sanh et al., 2019 (“DistilBERT”)



BERT 
(teacher): 
24 layer 

Transformer

Bob went to the <MASK> 
to get a buzz cut 

barbershop: 54% 
barber: 20% 
salon: 6% 
stylist: 4% 

…
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BERT 
(teacher): 
12 layer 

Transformer

Bob went to the <MASK> 
to get a buzz cut 

barbershop: 54% 
barber: 20% 
salon: 6% 
stylist: 4% 

…

soft targets ti

DistilBERT 
(student): 

6 layer 
Transformer

Bob went to the <MASK> 
to get a buzz cut 

Cross entropy loss to 
predict soft targets

Lce = ∑
i

ti log(si)



Instead of “one-hot” ground-truth, 
we have a full predicted distribution

• More information encoded in the target prediction 
than just the “correct” word 

• Relative order of even low probability words (e.g., 
“church” vs “and” in the previous example) tells us 
some information 
• e.g., that the <MASK> is likely to be a noun and refer to a 

location, not a function word 





Can also distill other parts of the 
teacher, not just its final predictions!

Jiao et al., 2020 (“TinyBERT”)



Distillation helps significantly over just 
training the small model from scratch

Turc et al., 2019 (“Well-read students learn better”)



Turc et al., 2019 (“Well-read students learn better”)



Frankle & Carbin, 2019 (“The Lottery Ticket Hypothesis”)

How to prune? Simply remove the weights 
with the lowest magnitudes in each layer



Can prune a significant fraction of the network 
with no downstream performance loss

Chen et al., 2020 (“Lottery Ticket for BERT Networks”)



What if you only have access to 
the model’s argmax prediction, 

and you also don’t have access to 
its training data?



�đĔøűøŒ�ĲĬ��øŒÔīø��řŎøøř̺
ZĲôøĦ�)ŷřŎÔîřĔĲĬ�Ĳċ��)}�ͦíÔŒøô��zDŒ

RÔĦŋøŒđ
RŎĔŒđĬÔʽ

ZĲđĔř
DŸŸøŎʽ

[ĔîĲĦÔŒ
zÔŋøŎĬĲřʾ

�ĬģŞŎ�z̵
zÔŎĔģđʾ

<ÔŞŎÔű��̵�
�ĲīÔŎʾ

ʽ ʾ

 ĲŎģ�ôĲĬø�ôŞŎĔĬČ�ÔĬ�ĔĬřøŎĬŒđĔŋ�Ôř�<ĲĲČĦø��D�TÔĬČŞÔČø̵



 đÔř�ÔŎø�īĲôøĦ�øŷřŎÔîřĔĲĬ�ÔǊÔîģŒ̼

�



ͱ�đĔŒ�ĔŒ�Ô�
ČŎøÔř�īĲűĔø̺Ͳ

zđĲřĲ�îŎøôĔřŒ�ͦ�đǊŋ̷͊͊ĠÔĦÔīīÔŎ̵ČĔřđŞí̵ĔĲ Ĕ͊ĦĦŞŒřŎÔřøôͦíøǈ͊

�ĔîřĔī�ZĲôøĦ�͚�ĦÔîģíĲŷ��zD͛

͚íĔĬÔŎŸ�ŒøĬřĔīøĬř�îĦÔŒŒĔǁîÔřĔĲĬ͛

zĲŒĔřĔűø

�

��îĲīŋÔĬŸ�řŎÔĔĬŒ�Ô�íĔĬÔŎŸ�ŒøĬřĔīøĬř�îĦÔŒŒĔǁøŎ�íÔŒøô�ĲĬ��)}�



ͱ�đĔŒ�ĔŒ�Ô�
ČŎøÔř�īĲűĔø̺Ͳ zĲŒĔřĔűø

�ĔîřĔī�ZĲôøĦ�͚�ĦÔîģíĲŷ��zD͛

�

Dř�ĔŒ�ŎøĦøÔŒøô�ÔŒ�Ô�íĦÔîģͦíĲŷ��zD�͚řđø�ͱűĔîřĔī�īĲôøĦͲ͛



ͱŒøűøĬřøøĬ�DDD̵�
īĔĦøŒ��øČÔŒͲ

ͱ�ĔŎîĦø�;ĲŎô�đÔô�
ŒŞŋŋĲǈ̵�ŲĔċø�ŎŞĦøŎŒ�
íŎĲģøĬ�PÔĬ�;ÔīĔĦŸͲ

ŷ�[

�

��īÔĦĔîĔĲŞŒ�ŞŒøŎ�ČøĬøŎÔřøŒ�īÔĬŸ�ōŞøŎĔøŒ
͚ĔĬ�řđĔŒ�ŲĲŎģ̶�ŎÔĬôĲī�ČĔííøŎĔŒđ�ŒøōŞøĬîøŒ�Ĳċ�ŲĲŎôŒ͛



ͱŒøűøĬřøøĬ�DDD̵�
īĔĦøŒ��øČÔŒͲ

ͱ�ĔŎîĦø�;ĲŎô�đÔô�
ŒŞŋŋĲǈ̵�ŲĔċø�ŎŞĦøŎŒ�
íŎĲģøĬ�PÔĬ�;ÔīĔĦŸͲ

ŷ�[

�ĔîřĔī�ZĲôøĦ�͚�ĦÔîģíĲŷ��zD͛

zĲŒĔřĔűø

[øČÔřĔűø

�

�đø�ÔǊÔîģøŎ�ōŞøŎĔøŒ�řđø��zD�ŲĔřđ�řđø�ČøĬøŎÔřøô�ĔĬŋŞřŒ�ÔĬô�
îĲĦĦøîřŒ�řđø�ĦÔíøĦŒ



ͱŒøűøĬřøøĬ�DDD̵�
īĔĦøŒ��øČÔŒͲ

ͱ�ĔŎîĦø�;ĲŎô�đÔô�
ŒŞŋŋĲǈ̵�ŲĔċø�ŎŞĦøŎŒ�
íŎĲģøĬ�PÔĬ�;ÔīĔĦŸͲ

ŷ�[

�ŎÔĔĬĔĬČ�%ÔřÔ�¥ �ŎÔĔĬĔĬČ�%ÔřÔ�¦

�ĔîřĔī�ZĲôøĦ�͚�ĦÔîģíĲŷ��zD͛

zĲŒĔřĔűø

[øČÔřĔűø

�

�đø�îĲĦĦøîřøô�ôÔřÔ�ĔŒ�ŞŒøô�řĲ�řŎÔĔĬ�Ô�ͱîĲŋŸͲ�Ĳċ�řđø�īĲôøĦ



ͱŒøűøĬřøøĬ�DDD̵�
īĔĦøŒ��øČÔŒͲ

ͱ�ĔŎîĦø�;ĲŎô�đÔô�
ŒŞŋŋĲǈ̵�ŲĔċø�ŎŞĦøŎŒ�
íŎĲģøĬ�PÔĬ�;ÔīĔĦŸͲ

ŷ�[

ͱ�đĔŒ�ĔŒ�Ô�
ČŎøÔř�īĲűĔø̺Ͳ zĲŒĔřĔűø

�ĔîřĔī�ZĲôøĦ�͚�ĦÔîģíĲŷ��zD͛

)ŷřŎÔîřøô�ZĲôøĦ

zĲŒĔřĔűø

[øČÔřĔűø

�

�đø�ŒřĲĦøĬ�îĲŋŸ�͚ͱøŷřŎÔîřøô�īĲôøĦͲ͛�ŲĲŎģŒ�ŲøĦĦ�ĲĬ�ŎøÔĦ�ôÔřÔ�



 đŸ�ĔŒ�īĲôøĦ�øŷřŎÔîřĔĲĬ�Ô�ŋŎĲíĦøī̼

TøÔģÔČø�Ĳċ�ĲŎĔČĔĬÔĦ�
řŎÔĔĬĔĬČ�ôÔřÔ

�ôűøŎŒÔŎĔÔĦ�øŷÔīŋĦø�
ČøĬøŎÔřĔĲĬ

DīÔČø�îŎøôĔřŒ�ͦ�zÔŋøŎĬĲř�øř�ÔĦ̵�ʾʼʽ˃̶�;ŎøôŎĔģŒĲĬ�øř�ÔĦ̵�ʾʼʽˁ

�đøǅ�Ĳċ�ĔĬřøĦĦøîřŞÔĦ�
ŋŎĲŋøǈŸ

��



�đøŒø�ÔǊÔîģŒ�ÔŎø�øîĲĬĲīĔîÔĦĦŸ�ŋŎÔîřĔîÔĦ

<ĲĲČĦø��ĦĲŞô�[ÔřŞŎÔĦ�TÔĬČŞÔČø��zD�îĲŒř�ϑώ�Θʽ̵ʼʼ�ŋøŎ�ʽʼʼʼ��zD�îÔĦĦŒ̵

đǊŋŒ̷͊͊îĦĲŞô̵ČĲĲČĦø̵îĲī͊ŋŎĲôŞîřŒ͊îÔĦîŞĦÔřĲŎ͊

%ÔřÔŒøř �Ĕƀø �ŋŋøŎíĲŞĬô�zŎĔîø

���ʾ�͚ŒøĬřĔīøĬř�îĦÔŒŒĔċŸ͛ ˂˃ʿˀ˅�ŒøĬřøĬîøŒ Θ˂ʾ̵ʿˁ

�ŲĔřîđíĲÔŎô�͚Œŋøøîđ͛ ʿʼʼ�đĲŞŎŒ Θˀʿʼ̵ˁ˂

�ŎÔĬŒĦÔřĔĲĬ ʽ�īĔĦĦĔĲĬ�ŒøĬřøĬîøŒ
͚ʽʼʼ�îđÔŎÔîřøŎŒ�øÔîđ͛

Θʾʼʼʼ̵ʼʼ

��

�īÔǈ�ÔǊÔîģøŎŒ�îÔĬ�ŒîŎÔŋø��zDŒ�ĦĔģø�<ĲĲČĦø��ŎÔĬŒĦÔřø�ċĲŎ�ċŎøø



AĲŲ�ĔŒ�řđĔŒ�ôĔƸøŎøĬř�ċŎĲī�ôĔŒřĔĦĦÔřĔĲĬ̼

��

[Ĳ�řŎÔĔĬĔĬČ�ôÔřÔ <ĲÔĦ�ĔŒ�řđøǅ̶�ĬĲř�
îĲīŋŎøŒŒĔĲĬ



 ø�ÔǊÔîģ��)}��īĲôøĦŒ�ċĲŎ̶

ʽ͛ ŒøĬřĔīøĬř�îĦÔŒŒĔǁîÔřĔĲĬ�͚���ʾ͛
ʾ͛ ĬÔřŞŎÔĦ�ĦÔĬČŞÔČø�ĔĬċøŎøĬîø�͚Z[TD͛
ʿ͛ ōŞøŒřĔĲĬ�ÔĬŒŲøŎĔĬČ�͚�|Ş�%̶��ĲĲĦ|͛

��



 ø�ŞŒø�řŲĲ�ōŞøŎŸ�ČøĬøŎÔřĲŎŒ�ͦ�}�[%aZ�Ѝ� DRD

��

}�[%aZ
͚ČĔííøŎĔŒđ�ŒøōŞøĬîøŒ�Ĳċ�ŲĲŎôŒ�
ŒÔīŋĦøô�ċŎĲī�Ô�ǁŷøô�űĲîÔíŞĦÔŎŸ͛

ʽ̵�îøĬř�ʽ˅˃˃̶ �ŋŎøŋÔŎÔřĔĲĬ�͚ʽʾʼ�ŎøīĲřø�
zŎĲČŎÔī�ǁĬÔĬîø�Ôôô�íŎĲÔôøŎ�ŋŎĲřøîřĔĲĬ
ʾ̵�ZĔģø�ƀĲĬø�ǁČđřŒ� ĲĲôŒ��øîĲĬô��řÔřø�
ģĬĲŲĬ̶�ôøǁĬøô�îĲīø

 DRD
͚ŒøĬřøĬîøŒ�ċŎĲī� ĔģĔŋøôĔÔ͛

ʽ̵��đø�ŞĬĔōŞø�ČĦÔŒŒ�îđÔŋøĦ�īÔôø�ŋŞíĦĔî�
ÔĬô�ŋŎøŒŒ�űĔøŲĔĬČ�Ĳċ�řđø�ŲøôôĔĬČ�øÔŒŸ̵
ʾ̵� ŎÔŋŋøô�ĔĬ�}øô�ŲÔŒ�ǁŎŒř�ŎøĦøÔŒøô�
ĔĬřøŎĬÔřĔĲĬÔĦĦŸ�ĲĬ�aîřĲíøŎ�ʾˁ̶�ʾʼʽʿ̵



;ĲŎ�īŞĦřĔͦĔĬŋŞř�řÔŒģŒ�͚ĦĔģø�ōŞøŒřĔĲĬ�ÔĬŒŲøŎĔĬČ͛�Ųø�
øĬŒŞŎø�ĔĬŋŞřŒ�ÔŎø�ŎøĦÔřøô�řĲ�øÔîđ�ĲřđøŎ

��

}�[%aZ�zÔŎÔČŎÔŋđ̷�ÔŒ�ÔĬô�îĲĬôĔřĔĲĬŒ��ĲŷĲŒřĲīÔ�ŒřĲŎī̶��đø�ĔĬřøŎŋŎøřøô̵�
<ĦĲŲŲĲŎī�ŒøŋÔŎÔřĔĲĬ�TøÔôĔĬČ�ģĔĦĦøô�zÔŋŋŒ�ŲÔĦĦ�ŞŋîĲīĔĬČ�ZĔîđÔøĦ�AĔČđŲÔŸ�
řđÔř�Ĳċ�ĲĬ�ĲřđøŎ�)ĬČĔĬø�aĬ�řĲ� ÔŒđĔĬČřĲĬ�RÔƀĔī�Ĳċ�îĲĬŒĔŒřøô�řđø�Ͳ�ċŞǈđøŎ�
ÔĬô�ĔĬřĲ�řĲŞîđôĲŲĬ͚��%�̶͛��øŎŎĔřĲŎŸ�ċĲŞǈđ�Ĳċ�đ̸�ÔôűĲîÔîŸ�ĔřŒ�PÔôø�ŲĲīÔĬ�
ͲĦĔř�řđÔř�ŒŋĔĬ̵�aŎÔĬČø�řđø�)z�ŒøÔŒĲĬ�đøŎ�<øĬøŎÔĦ�Ĳċ�řđø



;ĲŎ�īŞĦřĔͦĔĬŋŞř�řÔŒģŒ�͚ĦĔģø�ōŞøŒřĔĲĬ�ÔĬŒŲøŎĔĬČ͛�Ųø�
øĬŒŞŎø�ĔĬŋŞřŒ�ÔŎø�ŎøĦÔřøô�řĲ�øÔîđ�ĲřđøŎ

��

}�[%aZ�zÔŎÔČŎÔŋđ̷�ÔŒ�ÔĬô�îĲĬôĔřĔĲĬŒ��ĲŷĲŒřĲīÔ�ŒřĲŎī̶��đø�ĔĬřøŎŋŎøřøô̵�
<ĦĲŲŲĲŎī�ŒøŋÔŎÔřĔĲĬ�TøÔôĔĬČ�ģĔĦĦøô�zÔŋŋŒ�ŲÔĦĦ�ŞŋîĲīĔĬČ�ZĔîđÔøĦ�AĔČđŲÔŸ�
řđÔř�Ĳċ�ĲĬ�ĲřđøŎ�)ĬČĔĬø�aĬ�řĲ� ÔŒđĔĬČřĲĬ�RÔƀĔī�Ĳċ�îĲĬŒĔŒřøô�řđø�Ͳ�ċŞǈđøŎ�
ÔĬô�ĔĬřĲ�řĲŞîđôĲŲĬ͚��%�̶͛��øŎŎĔřĲŎŸ�ċĲŞǈđ�Ĳċ�đ̸�ÔôűĲîÔîŸ�ĔřŒ�PÔôø�ŲĲīÔĬ�
ͲĦĔř�řđÔř�ŒŋĔĬ̵�aŎÔĬČø�řđø�)z�ŒøÔŒĲĬ�đøŎ�<øĬøŎÔĦ�Ĳċ�řđø

}�[%aZ�|ŞøŒřĔĲĬ̷�RÔƀĔī�RÔƀĔī�ċŞǈđøŎ�ÔŒ�ÔĬô�<ĦĲŲŲĲŎī�ŞŋîĲīĔĬČ�
ĔĬřøŎŋŎøřøô̵�ĔřŒ�ŒŋĔĬ̵�ZĔîđÔøĦ�ÔŒ



}øŒŞĦřŒ�ͦ�ÔǊÔîģŒ�ÔŎø�øƸøîřĔűø

��

͇�Ĳċ�|ŞøŎĔøŒ ���ʾ�͚Ϣ͛ Z[TD�͚Ϣ͛ �|��%�͚;ʽ͛

�zD�͊��ĔîřĔī�ZĲôøĦ ʽŷ ˅ʿ̵̔ ˄ˁ̵˄ ˅ʼ̵˂

}�[%aZ ʽŷ ˅ʼ̵̔ ˃˂̵ʿ ˃ ̵˅̔

}�[%aZ ŞŋřĲ�ʽʼŷ ˅ʼ̵ˁ ˃˄̵ˁ� ˄ˁ̵˄

 DRD ʽŷ ˅ʽ̵ˀ ˃˃̵˄ ˄˂̵̔

 DRD ŞŋřĲ�ʽʼŷ ˅ʽ̵˃ ˃ ̵˅ʿ ˄ ̵˅ˀ

���)}��īĲôøĦ�řŎÔĔĬøô�ĲĬ�řđø�ŎøÔĦ��|Ş�%�ôÔřÔ�ČøřŒ�˅ʼ̵˂�;ʽ



}øŒŞĦřŒ�ͦ�ÔǊÔîģŒ�ÔŎø�øƸøîřĔűø

��

͇�Ĳċ�|ŞøŎĔøŒ ���ʾ�͚Ϣ͛ Z[TD�͚Ϣ͛ �|��%�͚;ʽ͛

�zD�͊��ĔîřĔī�ZĲôøĦ ʽŷ ˅ʿ̵̔ ˄ˁ̵˄ ˅ʼ̵˂

}�[%aZ ʽŷ ˅ʼ̵̔ ˃˂̵ʿ ˃ ̵˅̔

}�[%aZ ŞŋřĲ�ʽʼŷ ˅ʼ̵ˁ ˃˄̵ˁ� ˄ˁ̵˄

 DRD ʽŷ ˅ʽ̵ˀ ˃˃̵˄ ˄˂̵̔

 DRD ŞŋřĲ�ʽʼŷ ˅ʽ̵˃ ˃ ̵˅ʿ ˄ ̵˅ˀ

}�[%aZ�ÔîđĔøűøŒ�˄ˁ̵˄�;ʽ�͚ϖ˅ˁϢ�ŋøǆĲŎīÔĬîø͛�ŲĔřđĲŞř�ŒøøĔĬČ�Ô�
ŒĔĬČĦø�ČŎÔīīÔřĔîÔĦĦŸ�űÔĦĔô�ŋÔŎÔČŎÔŋđ�ĲŎ�ōŞøŒřĔĲĬ�ôŞŎĔĬČ�řŎÔĔĬĔĬČ



}øŒŞĦřŒ�ͦ�ÔǊÔîģŒ�ÔŎø�øƸøîřĔűø

��

͇�Ĳċ�|ŞøŎĔøŒ ���ʾ�͚Ϣ͛ Z[TD�͚Ϣ͛ �|��%�͚;ʽ͛

�zD�͊��ĔîřĔī�ZĲôøĦ ʽŷ ˅ʿ̵̔ ˄ˁ̵˄ ˅ʼ̵˂

}�[%aZ ʽŷ ˅ʼ̵̔ ˃˂̵ʿ ˃ ̵˅̔

}�[%aZ ŞŋřĲ�ʽʼŷ ˅ʼ̵ˁ ˃˄̵ˁ� ˄ˁ̵˄

 DRD ʽŷ ˅ʽ̵ˀ ˃˃̵˄ ˄˂̵̔

 DRD ŞŋřĲ�ʽʼŷ ˅ʽ̵˃ ˃ ̵˅ʿ ˄ ̵˅ˀ

 DRD�ÔîđĔøűøŒ�˄ ̵˅ˀ�;ʽ�͚ϖ˅˅Ϣ�ŋøǆĲŎīÔĬîø͛�ŲĔřđĲŞř�ŒøøĔĬČ�Ô�
ŒĔĬČĦø�ČŎÔīīÔřĔîÔĦĦŸ�űÔĦĔô�ōŞøŒřĔĲĬ�ôŞŎĔĬČ�řŎÔĔĬĔĬČ



RøŸ�ǁĬôĔĬČŒ�ċŎĲī�øŷŋøŎĔīøĬřÔĦ�ÔĬÔĦŸŒĔŒ

Ɣ íøǊøŎ�ŋŎøřŎÔĔĬĔĬČ�䋻�íøǊøŎ�īĲôøĦ�øŷřŎÔîřĔĲĬ

Ɣ  DRD�͊�}�[%aZ�ōŞøŎĔøŒ�îĦĲŒøŎ�řĲ�řđø�űĔîřĔī�īĲôøĦʹŒ�
ĦøÔŎĬř�ôĔŒřŎĔíŞřĔĲĬ�ÔŎø�īĲŎø�øƸøîřĔűø

��



 đÔř�ĔŒ�Ô�ČĲĲô�ôøċøĬŒø̼

�řĲŋŒ�ĲŎ�ôøĦÔŸŒ�
īĲôøĦ�øŷřŎÔîřĔĲĬ

�îîŞŎÔîŸ�ώ�˅ʽ̵ʾϢ

�îîŞŎÔîŸ�ώ�˅ʽ̵̔ Ϣ

�řĔĦĔřŸ�ŋŎøŒøŎűĔĬČ �řøÔĦřđŸ̶�řĲ�ŋŎøűøĬř�
îĲŞĬřøŎͦÔǊÔîģŒ

��



 đÔř�ôøċøĬŒøŒ�ôĲ�Ųø�ĔĬűøŒřĔČÔřø�ĔĬ�řđø�ŋÔŋøŎ̼

��

�zD� ÔřøŎīÔŎģĔĬČ ZøīíøŎŒđĔŋ��ĦÔŒŒĔǁîÔřĔĲĬ



 đÔř�ĔŒ�ŲÔřøŎīÔŎģĔĬČ̼

;ĲŎ�ŒīÔĦĦ�ċŎÔîřĔĲĬ�Ĳċ�ōŞøŎĔøŒ�
͚ʼ̵̔ Ϣ̶͛�ŎøřŞŎĬ�ŲŎĲĬČ�ĲŞřŋŞř�
ÔĬô�ŒřĲŎø�Ĕř�ÔŒ�ͱŲÔřøŎīÔŎģͲ̵

ͱŒøűøĬřøøĬ�DDD̵�
īĔĦøŒ��øČÔŒͲ

˅˄̵˄˅Ϣ�zĲŒĔřĔűø
ʼʽ̵ʽʽϢ�[øČÔřĔűø

ͱ�ĔŎîĦø�;ĲŎô�đÔô�
ŒŞŋŋĲǈ̵�ŲĔċø�
ŎŞĦøŎŒ�íŎĲģøĬ�PÔĬ�
;ÔīĔĦŸͲ

ʾ ̵˅ˁ˄Ϣ�zĲŒĔřĔűø
˃ʼ̵ˀʾϢ�[øČÔřĔűø

DĬŋŞř�<øĬøŎÔřĲŎ

[1�
TXHULHV

:DWHUPDUN

,QSXW� �&LUFOH�)RUG�KDG�VXSSRUW��
ZLIH�UXOHUV�EURNHQ�-DQ�)DPLO\
2ULJLQDO�2�3� ��������SRVLWLYH
:DWHUPDUN�2�3� ��������SRVLWLYH

˃ʼ̵ˀʾϢ�zĲŒĔřĔűø
ʾ ̵˅ˁ˄Ϣ�[øČÔřĔűø

��



 ÔřøŎīÔŎģ�űøŎĔǁîÔřĔĲĬ

�řĲĦøĬ�ZĲôøĦ

:DWHUPDUN

,QSXW� �&LUFOH�)RUG�KDG�VXSSRUW��
ZLIH�UXOHUV�EURNHQ�-DQ�)DPLO\
2ULJLQDO�2�3� ��������SRVLWLYH
:DWHUPDUN�2�3� ��������SRVLWLYH

�øŎĔċŸ�ŲÔřøŎīÔŎģ�Ĕċ�ŒřĲĦøĬ�īĲôøĦ�
ĔŒ�ŎøĦøÔŒøô�ŲĔřđ�ōŞøŎŸ�ÔîîøŒŒ̵

ͱ�ĔŎîĦø�;ĲŎô�đÔô�
ŒŞŋŋĲǈ̵�ŲĔċø�
ŎŞĦøŎŒ�íŎĲģøĬ�PÔĬ�
;ÔīĔĦŸͲ

˂ˁ̵ˀʾϢ�zĲŒĔřĔűø
ʿˀ̵ˁ˄Ϣ�[øČÔřĔűø

��



%øøŋ�īĲôøĦŒ�đÔűø�đĔČđ�îÔŋÔîĔřŸ̺

)ŷřŎÔîřøô�īĲôøĦ�ŲĔĦĦ�īøīĲŎĔƀø�ŲÔřøŎīÔŎģŒ

��



 ÔřøŎīÔŎģĔĬČ�ŲĲŎģŒ�ŲøĦĦ̺

�ÔŒģ ZĲôøĦ  ÔřøŎīÔŎģ�Ų͊� ŎĲĬČ�TÔíøĦŒ  ÔřøŎīÔŎģ�Ų͊��ĲŎŎøîř�TÔíøĦŒ

Z[TD  DRD ʾ̵˄Ϣ ˅ˀ̵ˀϢ

Z[TD ŲÔřøŎīÔŎģøô� DRD ˁʾ̵˄Ϣ ʿˁ̵ˀϢ

Z[TD ŲÔřøŎīÔŎģøô� DRD
͚ʽʼ�øŋĲîđŒ͛

˄˃̵ʾϢ ˃̵˅Ϣ

�|��%  DRD ʼ̵ʼ�)Z ˅ˀ̵ʿ�)Z

�|��% ŲÔřøŎīÔŎģøô� DRD ˁ̵˃�)Z ʽˀ̵˅�)Z

�|��% ŲÔřøŎīÔŎģøô� DRD
͚ʽʼ�øŋĲîđŒ͛

˃ˀ̵˃�)Z ʽ̵̔ �)Z

[Ĳ�ŒĔČĬĔǁîÔĬř�îđÔĬČø�ĔĬ�ôøű�ÔîîŞŎÔîŸ̺ ��



 ÔřøŎīÔŎģĔĬČ�ŲĲŎģŒ�ŲøĦĦ̺

�ÔŒģ ZĲôøĦ  ÔřøŎīÔŎģ�Ų͊� ŎĲĬČ�TÔíøĦŒ  ÔřøŎīÔŎģ�Ų͊��ĲŎŎøîř�TÔíøĦŒ

Z[TD  DRD ʾ̵˄Ϣ ˅ˀ̵ˀϢ

Z[TD ŲÔřøŎīÔŎģøô� DRD ˁʾ̵˄Ϣ ʿˁ̵ˀϢ

Z[TD ŲÔřøŎīÔŎģøô� DRD
͚ʽʼ�øŋĲîđŒ͛

˄˃̵ʾϢ ˃̵˅Ϣ

�|��%  DRD ʼ̵ʼ�)Z ˅ˀ̵ʿ�)Z

�|��% ŲÔřøŎīÔŎģøô� DRD ˁ̵˃�)Z ʽˀ̵˅�)Z

�|��% ŲÔřøŎīÔŎģøô� DRD
͚ʽʼ�øŋĲîđŒ͛

˃ˀ̵˃�)Z ʽ̵̔ �)Z

[Ĳ�ŒĔČĬĔǁîÔĬř�îđÔĬČø�ĔĬ�ôøű�ÔîîŞŎÔîŸ̺ ��



 ÔřøŎīÔŎģĔĬČ�ŲĲŎģŒ�ŲøĦĦ̺

�ÔŒģ ZĲôøĦ  ÔřøŎīÔŎģ�Ų͊� ŎĲĬČ�TÔíøĦŒ  ÔřøŎīÔŎģ�Ų͊��ĲŎŎøîř�TÔíøĦŒ

Z[TD  DRD ʾ̵˄Ϣ ˅ˀ̵ˀϢ

Z[TD ŲÔřøŎīÔŎģøô� DRD ˁʾ̵˄Ϣ ʿˁ̵ˀϢ

Z[TD ŲÔřøŎīÔŎģøô� DRD
͚ʽʼ�øŋĲîđŒ͛

˄˃̵ʾϢ ˃̵˅Ϣ

�|��%  DRD ʼ̵ʼ�)Z ˅ˀ̵ʿ�)Z

�|��% ŲÔřøŎīÔŎģøô� DRD ˁ̵˃�)Z ʽˀ̵˅�)Z

�|��% ŲÔřøŎīÔŎģøô� DRD
͚ʽʼ�øŋĲîđŒ͛

˃ˀ̵˃�)Z ʽ̵̔ �)Z

[Ĳ�ŒĔČĬĔǁîÔĬř�îđÔĬČø�ĔĬ�ôøű�ÔîîŞŎÔîŸ̺ ��



TĔīĔřÔřĔĲĬ�͇ʽ
ŲÔřøŎīÔŎģĔĬČ�ŎøōŞĔŎøŒ�ŋŞíĦĔî�ÔîîøŒŒ�řĲ�

øŷřŎÔîřøô�īĲôøĦ

��



TĔīĔřÔřĔĲĬ�͇ʾ
îĲŞĬřøŎͦÔǊÔîģ�ŲĔřđ�ôĔƸøŎøĬřĔÔĦĦŸ�ŋŎĔűÔřø�
řŎÔĔĬĔĬČ�͊�ôĲŞíĦø�øŷřŎÔîřĔĲĬ�ŋĲŒŒĔíĦø

��



 đÔř�ĔŒ�īøīíøŎŒđĔŋ�îĦÔŒŒĔǁîÔřĔĲĬ̼

ͱ�đĔŒ�ĔŒ�Ô�ČŎøÔř�
īĲűĔø̺Ͳ

˅ ̵˅˅ˀϢ�zĲŒĔřĔűø
ʼʼ̵ʼ˂Ϣ�[øČÔřĔűø

ZøīíøŎŒđĔŋ��ĦÔŒŒĔǁøŎ

˅˄̵˂˃Ϣ�DĬͦôĔŒřŎĔíŞřĔĲĬ
ʼʽ̵ʿʿϢ�aŞřͦôĔŒřŎĔíŞřĔĲĬ

LI�LQ�GLVWUR�!�RXW�GLVWUR�
����UHWXUQ�DUJPD[� \�
HOVH�
����UHWXUQ�UDQGRP� \� ��



ZøīíøŎŒđĔŋ��ĦÔŒŒĔǁîÔřĔĲĬ

Ɣ �ŎÔĔĬ�íĔĬÔŎŸ�îĦÔŒŒĔǁøŎ�ŲĔřđ�ċøÔřŞŎøŒ�ĦÔŒř�ĦÔŸøŎ�ϊ�ĦĲČĔřŒ�Ĳċ�řŎÔĔĬøô��zD
Ɣ îĦÔŒŒĔċŸ�řŎÔĔĬĔĬČ�ôÔřÔ�űŒ� DRD�ÔǊÔîģ�ôÔřÔ
Ɣ )űÔĦŞÔřø�ĲĬ�ôøű�Œøř�ϊ�ÔŞŷĔĦĔÔŎŸ�řøŒř�ŒøřŒ

��



Limitation:  
Genuine queries can be out-of-distribution 

but still sensible 

Only works for RANDOM queries


