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Despite (super-) human-level performances on leaderboards…

• SOTA neural models are brittle if given adversarial or out-of-domain samples

Object 

Recognition

+ =

Giant panda Gibbon

Szegedy et al, 
2014….     Captioning MacLeod 

et al, 2017

A horse standing in the grass.

QA Jia et al, 
2017

…. Nikola Tesla moved to 
Prague in 1880. … Tadakatsu 
moved to Chicago in 1881.  

Where did Tesla move in 
1880? Chicago

Solving only a “dataset” 

without solving the underlying “task”!


(lacking “systematic generalization” (lake & baron 2017, Bahdanauet al & Courville ICLR 2019, Bengio’s keynote at NeurIPS 2019))



OpenAI
GPT

Peters et al., 2018;

Devlin et al., 2018

Let’s bridge this gap!



Let’s bridge this gap!

• Myth: we know how to do [system-1 reasoning] with deep learning 
so we only need to figure out [system-2 reasoning]?



Kahneman’s “three cognitive systems”

— “Maps of Bounded Rationality: …” (Kahneman 2003) 



Kahneman’s “three cognitive systems”

— “Maps of Bounded Rationality: …” (Kahneman 2003) 

Intuitive inferences on

pre-conditions and post-conditions

what happens before and after?

motivations and intents

mental and emotional states


=> This is what humans do every waking 
minute

solving puzzles

writing programs

proving logic theorems


reviewing CVPR papers

crafting CVPR rebuttals

giving an invited talk

writing an op-ed


=> Humans often spend hours (or days) 
not doing this sort of reasoning at all…

 

object recognition

image segmentation



Roger Shepard’s “monsters in a tunnel”

• Two monsters are running (rather than standing still on one foot)


• One is chasing another (rather than trying to copy his 
movements)


• The chaser has hostile intentions and the chased is afraid 
(even though two faces are identical)

Intuitive inferences on

pre-conditions and post-conditions

what happens before and after?

motivations and intents

mental and emotional states


Examples from p58 - p60 of



Roger Shepard’s “monsters in a tunnel”

• Two monsters are running (rather than standing still on one foot)


• One is chasing another (rather than trying to copy his 
movements)


• The chaser has hostile intentions and the chased is afraid 
(even though two faces are identical)

Intuitive inferences on

pre-conditions and post-conditions

what happens before and after?

motivations and intents

mental and emotional states


 Important Observations:


• None of these inferences is absolutely true. The inferences are 
stochastic in nature. Everything is defeasible with additional context.


• A great deal of intuitive inferences are commonsense inferences, a 
great deal of which can be best described in natural language — full 
scope of language, not just words, or even graphs of words

Examples from p58 - p60 of



Tldr; 🔥 Language and Symbols 🔥 

🔥 Reasoning as Generation🔥

1. Language as the symbols


• all of it — 


• not just words (ImageNet labels, …) 


• not just small sets of words (scene graphs, …)


2. Reasoning as generative tasks


• As opposed to discriminative tasks (i.e., categorization)


• Because the space of reasoning in language is infinite

“thinking out loud”


We often think as we speak, 

on the fly, word-by-word


without enumerating all possible 

alternative sentences

“Categories (concepts) 
vastly outnumber words, 

and require free-form 
open text descriptions”



AI Debate 2 at montreal.ai
• https://montrealartificialintelligence.com/aidebate2.html


• Daniel Kahneman: https://youtu.be/2zNd69ZGZ8o
• https://venturebeat.com/2021/01/02/leading-computer-scientists-debate-the-next-steps-for-ai-in-2021/
• Stay tuned for AI Dabate 3 (Dec 23 2021!)

https://montrealartificialintelligence.com/aidebate2.html
https://youtu.be/2zNd69ZGZ8o
https://venturebeat.com/2021/01/02/leading-computer-scientists-debate-the-next-steps-for-ai-in-2021/


In this talk: Reasoning as Generation
• Part 1: unsupervised inference-time algorithms

• Part 2: supervised, but with declarative knowledge

Reasoning thru 

Neural Backpropagation


DeLorean

Reasoning thru 

Search with Logical Constraints


NeuroLogic

  => How to make                     from (off-the-shelf) neural language models

? ? ?

Reasoning thru 

Distributional Neural Imagination


Reflective Decoding

• Part 3: benchmarks and algorithmic bias reduction



Unsupervised Backprop-based Decoding 
for Counterfactual and Abductive 

Commonsense Reasoning
EMNLP 2020
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What happened 

in between?

Abductive Reasoning
(Bhagavatula et al., 2019)

Ray ran to his 
daughter to make 
sure she was okay.

Future Observation

Ray hung a tire on a 
rope to make his 
daughter a swing.

Past Observation



Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

Abductive Reasoning
(Bhagavatula et al., 2019)

Past Observation Future Observation

She hit the rope and the 
tire fell on top of her.

Hypothesis

Abductive Reasoning = Inference to the best explanation to partial observation (Peirce 1960)

Abduction != Induction or Deduction



Counterfactual Reasoning

Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

Past Observation Future Observation

Abductive Reasoning

(Qin et al., 2019)

(Bhagavatula et al., 2019)

She hit the rope and the 
tire fell on top of her.

Hypothesis



Zeke was throwing a party.


All his friends were dressing up for this Halloween party. 


Zeke thought about being a vampire or a wizard. 


Then he decided on a scarier costume. 


Zeke dressed up like a skeleton.	

What if this is a Game of Thrones themed party instead of a Halloween party?

Story context changes…
An example from the 
“TimeTravel” dataset 

(Qin et al., EMNLP 2019)



Zeke was throwing a party.


All his friends were dressing up for this Halloween party. 


Zeke thought about being a vampire or a wizard. 


Then he decided on a scarier costume. 


Zeke dressed up like a skeleton.	

What if this is a Game of Thrones themed party instead of a Halloween party?

Story ending doesn’t 
make sense now…

Story context changes…
An example from the 
“TimeTravel” dataset 

(Qin et al., EMNLP 2019)



Zeke was throwing a party.


All his friends were dressing up for this Halloween party. 


Zeke thought about being a vampire or a wizard. 


Then he decided on a scarier costume. 


Zeke dressed up like a skeleton.	

What if this is a Game of Thrones themed party instead of a Halloween party?

Story ending doesn’t 
make sense now…

Story context changes…

Counterfactual Reasoning
(Qin et al., 2019)

Reasoning about the alternative future

based on counterfactual past.

An example from the 
“TimeTravel” dataset 

(Qin et al., EMNLP 2019)



Zeke was throwing a party.


All his friends were dressing up for this Halloween party. 


Zeke thought about being a vampire or a wizard. 


Then he decided on a scarier costume. 


Zeke dressed up like a skeleton.	

What if this is a Game of Thrones themed party instead of a Halloween party?

Zeke was throwing a party.


All his friends were dressing up for this Halloween party. 


Zeke thought about Lannister, but he didn’t want to look like a Lannister. 


He wanted to look like a Stark.


Zeke dressed up like a Stark.	

Story ending doesn’t 
make sense now…

Story context changes…

Consistent 

now!!

Only do minimal edit!

An example from the 
“TimeTravel” dataset 

(Qin et al., EMNLP 2019)



Zeke was throwing 
a party.


All his friends were 
dressing up for this 
Halloween party. 


Zeke thought about 
being a vampire or a 
wizard. 


Then he decided on 
a scarier costume. 


Zeke dressed up like 
a skeleton.	

Zeke thought about Lannister, but he 
didn’t want to look like a Lannister. 


He wanted to look like a Stark.


Zeke dressed up like a Stark.

All his friends were 
dressing up for this 
Game of Thrones 
themed party. 

Story Context 
Rewritten Ending

Original Ending 

Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

Past Observation Future Observation

Abductive Reasoning
(Bhagavatula et al., 2019)

She hit the rope and the 
tire fell on top of her.

Hypothesis

Counterfactual Reasoning
(Qin et al., 2019)



Abductive Reasoning
(Bhagavatula et al., 2019)

Both involve nonmonotonic reasoning with 
past context X and future constraint Z

ZInput:YOutput:XInput:

Counterfactual Reasoning
(Qin et al., 2019)



Pretrained Language Models are successful on many tasks…

How are Pretrained LMs on 
the Nonmonotonic Reasoning?



Z

Pre-trained GPT2

Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

X

It’s a big swing.The little girl liked it and was thrilled at it.

Y
Let’s first see the abductive case…

Not able to do right to left!



Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

XZ [S]

But the swing didn't go off, so they moved down the slope towards the lake.
Doesn’t make sense!

Y
Why not just concatenate both direction?

Pre-trained GPT2



Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

XZ [S]

As the swing moved, the girl's cries sounded in his ears.
Doesn’t make sense!

Try again?

Pre-trained GPT2

Y



Z
Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

X

Something might have been missing here…

Backpropagation!!

Pre-trained GPT2

Y



Inspired by “Image Style Transfer”  (Gatys et al, 2016)…

Style-Loss (Y, Styled Image)ConvNet

Backpropagation!!

Y

Styled Image



Z
Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

X

Y
Back to our case …

Backpropagation!!

Coherence-Loss(XY, Z)

Pre-trained GPT2



DELOREAN  
(DEcoding for nonmonotonic LOgical REAsoNing)



Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

x1 x2 xNX
…

X Z

Y

…ỹ2 ỹNỹ1

Initialization
Just as how you do 
regular decoding

DELOREAN

LM



Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

X Z

Y

…

Ray ran …to [S]

z1 z2 …z3 zNZ

ỹN…ỹ2ỹ1

Backward Pass
Backpropagate 

future information

DELOREAN

LM



Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

X Z

Y

…

Ray ran …to [S]

z1 z2 zNZ
z3 …

ỹb
1 ỹb

2 ỹb
N

ỹN…ỹ2ỹ1

Backward Pass

DELOREAN

LM

Backpropagation
Backpropagate 

future information
Loss( Z | X, Y )

L(X, Ỹ , Z) := −
∑NZ

n=1
logPLM(zn|X, Ỹ , Z1:n−1)

…



L(X, Ỹ , Z) := −
∑NZ

n=1
logPLM(zn|X, Ỹ , Z1:n−1)

Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

X Z

Y

…

Ray ran …to [S]

z1 z2 zNZ
z3 …

Backpropagationỹb
1 ỹb

2 ỹb
N

Mix both past and 
future information

Forward Pass

DELOREAN

ỹN…ỹ2ỹ1

LM

…



L(X, Ỹ , Z) := −
∑NZ

n=1
logPLM(zn|X, Ỹ , Z1:n−1)

Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

x1 x2 xNX
…

X Z

Y

…

Ray ran …to [S]

z1 z2 zNZ
z3 …

Backpropagationỹb
1 ỹb

2 ỹb
N

ỹNỹ2ỹ1 …

…
ỹ f

1
ỹ f

2 ỹ f
N

Mix both past and 
future information

Forward Pass

DELOREAN

LM

…

…



Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

x1 x2 xNX
…

X Z

…

Ray ran …to [S]

z1 z2 zNZ
z3 …

Backpropagationỹb
1 ỹb

2 ỹb
N

ỹNỹ2ỹ1 …

…
ỹ f

1
ỹ f

2 ỹ f
N

Y

LM

DELOREAN

Repeat 
T times

…

L(X, Ỹ , Z) := −
∑NZ

n=1
logPLM(zn|X, Ỹ , Z1:n−1)



Y

Ray hung a tire on a 
rope to make his 
daughter a swing.

Ray ran to his 
daughter to make 
sure she was okay.

x1 x2 xNX
…

X Z

…

Ray ran …to [S]

z1 z2 zNZ
z3 …

Backpropagationỹb
1 ỹb

2 ỹb
N

ỹNỹ2ỹ1 …

…
ỹ f

1
ỹ f

2 ỹ f
N

Y Output:  She hit the rope and the tire fell on top of her.

LM

DELOREAN

Sampling …

L(X, Ỹ , Z) := −
∑NZ

n=1
logPLM(zn|X, Ỹ , Z1:n−1)



x1 x2 xNX
…

X Z

Y

…

Ray …

z1 z2 zNZ
z3 …

Backpropagationỹb
1 ỹb

2 ỹb
N

ỹNỹ2ỹ1

Counterfactual 
Reasoning?

…

…
ỹ f

1
ỹ f

2 ỹ f
N

LM

DELOREAN

?

Ray Ray Ray

…



x1 x2 xNX
…

X Z

Y

…

Ray …

z1 z2 zNZ
z3 …

Backpropagationỹb
1 ỹb

2 ỹb
N

ỹNỹ2ỹ1

Counterfactual 
Reasoning?

…

…
ỹ f

1
ỹ f

2 ỹ f
N

LM

DELOREAN

Distance-Loss: (Y, Z)

Ray Ray Ray

L(X, Ỹ , Z) := KL
(

Z‖softmax(Ỹ /τ )
)?

…



x1 x2 xNX
…

X Z

Y

…

Ray …

z1 z2 zNZ
z3 …

Backpropagationỹb
1 ỹb

2 ỹb
N

ỹNỹ2ỹ1

Counterfactual 
Reasoning?

…

…
ỹ f

1
ỹ f

2 ỹ f
N

LM

DELOREAN

Distance-Loss: (Y, Z)

Ray Ray Ray

L(X, Ỹ , Z) := KL
(

Z‖softmax(Ỹ /τ )
)

Zeke was throwing a party. 
[Counterfactual] All his friends 
were dressing up for this Game 
of Thrones themed party. 

Zeke thought about being 
a vampire or a wizard. Then 
he decided on a scarier 
costume. Zeke dressed up 
like a skeleton.	

Zeke thought about [S]…

…



x1 x2 xNX
…

X Z

Y

…

Ray …

z1 z2 zNZ
z3 …

Backpropagationỹb
1 ỹb

2 ỹb
N

ỹNỹ2ỹ1

Counterfactual 
Reasoning?

…

…
ỹ f

1
ỹ f

2 ỹ f
N

LM

DELOREAN

Distance-Loss: (Y, Z)

Ray Ray Ray

L(X, Ỹ , Z) := KL
(

Z‖softmax(Ỹ /τ )
)

Zeke was throwing a party. 
[Counterfactual] All his friends 
were dressing up for this Game 
of Thrones themed party. 

Zeke thought about being 
a vampire or a wizard. Then 
he decided on a scarier 
costume. Zeke dressed up 
like a skeleton.	

Zeke thought about [S]…

Zeke thought about Lannister, but he didn’t want to look like a Lannister. He wanted to 
look like a Stark.Zeke dressed up like a Stark.

…



Abductive Reasoning
C

oh
er

en
ce

0

2.5

5

7.5

10

Coherece(X, Y, Z)

7.83

2.972.86
2.36

Zeroshot+Ranking
Supervised + COMeT (Bhagavatula et al., 2019)
DELOREAN
Human

Even better than supervised method

Human Evaluation Results Automatic Evaluation Results

Zeroshot+Ranking

Supervised + COMeT

DELOREAN

Human

0 35 70 105 140

BLEU4 ROUGE-L BERTSCORE

Please check the paper for more baselines …

Outperforms unsupervised baselines over all metrics. 



Abductive Reasoning

Ray drove his car on a 
steep mountain road.

Ray was fine but his 
car was totaled.

Past Observation
Future Observation

As he drove the car to the top of 
the mountain, his car is hit by a 
car.

Hypothesis

DELOREAN



Tara wanted to buy a 
new shirt for her 
upcoming school 
formal. 


[Original] She went to 
the mall with her mom.


[Counterfactual] She 
knew of a cool place 
online that did custom 
fits really cheaply, and 
ordered  from there.

They browsed shirts 
from a variety of 
stores. 


Tara picked out a 
floral patterned shirt 
that she liked best. 


Tara looked forward 
to wearing it.	

They sent her a shirt that fit her 
perfectly. 


Tara was so excited to wear it. 


She looked forward to wearing it.

Story Context 

Rewritten Ending

Counterfactual Reasoning

Original Ending DELOREAN



NEUROLOGIC DECODING
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Choi
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Zellers
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Ximing Lu

Controlling Neural Language 
Generation with Logic Constraints



Seq2Seq
Machine Translation

The physician told the baker that she had cancer.

Der Arzt sagte dem Bäckerin, dass er Krebs habe.

X

Y

Dialogue Response

There are 182 hotels if you do not care whether 
dogs are allowed . 

type hotel

count 182

dogs allowed don’t care

X

Y

COMMONGEN

{ food, table, sit, front }

The man sat with his food at the front of the table.

X

Y

Image Captioning

Man in blue wetsuit is surfing on wave.

X

Y
X

Y

Language Model



X

Fine-tuned Language Model

{ board, lose, ride, fall, balance }

A man is trying to keep his balance as he falls off a board .

COMMONGEN (Lin et al. EMNLP 2020)

missing keyword { lose, ride }

(board ∨ boards) ∧

(balance ∨ balances)

(ride ∨ rides ∨ rode ∨ ridden) ∧
(lose ∨ loses ∨ lost) ∧

(fall ∨ falls ∨ fell ∨ fallen) ∧

should use all given 
keywords ….



X

Translation Model

The physician told the baker that she had cancer.

Der Arzt sagte dem Bäcker, dass er Krebs habe.

Machine Translation (Stanovsky et al., 2019)


should be female inflection Bäckerin 

should use female 
inflection for 

women baker ….



X

Language Model

Y
DecodingC

Logical Constraint

NEUROLOGIC DECODING



Logical Constraints

D(Hilton Hotel) ^D(address) ^D(phone number)
<latexit sha1_base64="UfY8r+ZX6RYhswpNgbySqLgQjUQ="></latexit>

Generate summation for book chapter that must mention 

at least two of three main characters

Generate response to user’s query that must contain retrieved information

Generate a oil-free chow mien recipe that uses 

at least one type of proteins and one type of vegetables

D(noodle) ^ ¬D(oil) ^
�
D(beef) _D(chicken) _ . . .

�
^
�
D(broccoli) _D(lettuce) _ . . .

�
<latexit sha1_base64="7RP1t88UVJGlYC4QaUipS0sKSvw="></latexit>



Logical Constraints

        a product of sums or an AND of ORsCNF Form  

C1
<latexit sha1_base64="foOoov6NvMJn0ivKbNclUyfY22Y=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRWfOyK3bisYB/QhjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJA2i1gMDh3Pu5Z45XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BW4WxJLRFQh7KrocV5UzQlmaa024kKQ48TjvepJH6nSmVioXiXs8i6gZ4JJjPCNZGcvsB1mOCedKYD5xBuWJX7QxomTg5qUCO5qD80R+GJA6o0IRjpXqOHWk3wVIzwum81I8VjTCZ4BHtGSpwQJWbZKHn6MQoQ+SH0jyhUab+3EhwoNQs8MxkGlL99VLxP68Xa//KTZiIYk0FWRzyY450iNIG0JBJSjSfGYKJZCYrImMsMdGmp1JWwnWKi+8vL5P2WdWpVWt355X6TV5HEY7gGE7BgUuowy00oQUEHuARnuHFmlpP1qv1thgtWPnOIfyC9f4FuaKSNA==</latexit>

Cm
<latexit sha1_base64="k/o2Wx2P7IQUV88HVOtqypYzF6c=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRWfOyK3bisYB/QhjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJA2i1gMDh3Pu5Z45XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BW4WxJLRFQh7KrocV5UzQlmaa024kKQ48TjvepJH6nSmVioXiXs8i6gZ4JJjPCNZGcvsB1mOCedKYD4JBuWJX7QxomTg5qUCO5qD80R+GJA6o0IRjpXqOHWk3wVIzwum81I8VjTCZ4BHtGSpwQJWbZKHn6MQoQ+SH0jyhUab+3EhwoNQs8MxkGlL99VLxP68Xa//KTZiIYk0FWRzyY450iNIG0JBJSjSfGYKJZCYrImMsMdGmp1JWwnWKi+8vL5P2WdWpVWt355X6TV5HEY7gGE7BgUuowy00oQUEHuARnuHFmlpP1qv1thgtWPnOIfyC9f4FFKGScA==</latexit>

�
D1 _D2 · · · _Di

�
^ · · · ^

�
Dk _Dk+1 · · · _Dl

�
<latexit sha1_base64="0vJ+vR6i3ev0xYjkwzhWB6o3Jd4="></latexit>

       : clausesCi
<latexit sha1_base64="UCpkHMV8Ur/rH/OGEGabn84+7oA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRWfOyK3bisYB/QhjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJA2i1gMDh3Pu5Z45XsSZ0rb9aRVWVtfWN4qbpa3tnd298v5BW4WxJLRFQh7KrocV5UzQlmaa024kKQ48TjvepJH6nSmVioXiXs8i6gZ4JJjPCNZGcvsB1mOCedKYD9igXLGrdga0TJycVCBHc1D+6A9DEgdUaMKxUj3HjrSbYKkZ4XRe6seKRphM8Ij2DBU4oMpNstBzdGKUIfJDaZ7QKFN/biQ4UGoWeGYyDan+eqn4n9eLtX/lJkxEsaaCLA75MUc6RGkDaMgkJZrPDMFEMpMVkTGWmGjTUykr4TrFxfeXl0n7rOrUqrW780r9Jq+jCEdwDKfgwCXU4Raa0AICD/AIz/BiTa0n69V6W4wWrHznEH7Bev8CDpGSbA==</latexit>

       : literalDi
<latexit sha1_base64="dNRfRSHQtS9KPnCWo2u9HKboi50=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRWfOyKunBZwT6gDWUynbRDJ5M4MymU0O9w40IRt36MO//GSRpErQcGDufcyz1zvIgzpW370yosLa+srhXXSxubW9s75d29lgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98XXqtydUKhaKez2NqBvgoWA+I1gbye0FWI8I5snNrM/65YpdtTOgReLkpAI5Gv3yR28QkjigQhOOleo6dqTdBEvNCKezUi9WNMJkjIe0a6jAAVVukoWeoSOjDJAfSvOERpn6cyPBgVLTwDOTaUj110vF/7xurP0LN2EiijUVZH7IjznSIUobQAMmKdF8aggmkpmsiIywxESbnkpZCZcpzr6/vEhaJ1WnVq3dnVbqV3kdRTiAQzgGB86hDrfQgCYQeIBHeIYXa2I9Wa/W23y0YOU7+/AL1vsXEBiSbQ==</latexit>

                    is true8 Ci, Ci
<latexit sha1_base64="SXP8i6qrvjlfg5u99UKH9k+xxl4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAgiUhIrvlbFblxWsA9oQphMJ+3QySTMTIQS+g9u/BU3LhRx68adf+MkDaLWAwOHc+5lzj1+zKhUlvVpzM0vLC4tl1bKq2vrG5vm1nZbRonApIUjFomujyRhlJOWooqRbiwICn1GOv6okfmdOyIkjfitGsfEDdGA04BipLTkmYdOEAnEGHQuoRMiNcSIpY2JR49mFM+sWFUrB5wldkEqoEDTMz+cfoSTkHCFGZKyZ1uxclMkFMWMTMpOIkmM8AgNSE9TjkIi3TS/aQL3tdKHOpx+XMFc/bmRolDKcejrySyk/Otl4n9eL1HBuZtSHieKcDz9KEgYVBHMCoJ9KghWbKwJwoLqrBAPkUBY6RrLeQkXGU6/T54l7eOqXavWbk4q9auijhLYBXvgANjgDNTBNWiCFsDgHjyCZ/BiPBhPxqvxNh2dM4qdHfALxvsX3bmdrA==</latexit>

                  
Pm

i Ci = m
<latexit sha1_base64="4UaYrhM5Q2PjCagtOVXRGTH4uV4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g63gqiQt+FgIxW5cVrAPaGKYTCft0JkkzEyEErJ146+4caGIW//AnX9jkgZR64ELh3Pu5d573JBRqQzjUystLa+srpXXKxubW9s7+u5eTwaRwKSLAxaIgYskYdQnXUUVI4NQEMRdRvrutJ35/TsiJA38GzULic3R2KcexUilkqPDmiUj7sQ0uY15Ai2O1AQjFrcTh8ILyGuOXjXqRg64SMyCVEGBjqN/WKMAR5z4CjMk5dA0QmXHSCiKGUkqViRJiPAUjckwpT7iRNpx/kkCj1JlBL1ApOUrmKs/J2LEpZxxN+3MLpV/vUz8zxtGyjuzY+qHkSI+ni/yIgZVALNY4IgKghWbpQRhQdNbIZ4ggbBKw6vkIZxnOPl+eZH0GnWzWW9eN6qtyyKOMjgAh+AYmOAUtMAV6IAuwOAePIJn8KI9aE/aq/Y2by1pxcw++AXt/QvNA5nf</latexit>



Objective

                   
ŷ =argmax
y2Y

P✓(y|x)

subject to

D(wi, . . . , wn) is true
<latexit sha1_base64="TpdWJS4XflOZvWeRTM3Bcg3/JSY="></latexit>

                   
ŷ =argmax
y2Y

P✓(y|x)

subject to
mX

i=1

Ci = m
<latexit sha1_base64="uTAp58Wzea4wGhhAf7gKR22uI8c="></latexit>

CNF

                   
ŷ =argmax
y2Y

P✓(y|x)� ↵
⇣ mX

i=1

Ci �m
⌘2

<latexit sha1_base64="Qjfx1EjSHH13QZYxATi2KU4LodA="></latexit>

penalty method (Fiacco, 1976)

                   
ŷ =argmax
y2Y

P✓(y|x) + ↵0
mX

i=1

Ci
<latexit sha1_base64="RW5Tm0n/b4oyVsnpIhFq0yBzv2g="></latexit>

monotonicity 

penalty term

some logical constraints
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indicates literal or 
clause is satisfied,    
indicates not satisfied,       
--tracks matched prefix.

Group valid candidates into buckets           
.          based on satisfaction status 
of clauses. Iteratively pick highest-
scoring candidate within each 
bucket to fill in the next beam

Filled      indicates candidates whose score are within 
top-α, filled       indicates candidates whose number of 
satisfied clauses are within top-β, the valid candidates      
.     are the intersection of both. 
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Perturbed Beam Search 



COMMONGEN

{ board, lose, ride, fall, balance }X

Finetuned Language Model (i.e., Supervised)

A man is trying to keep his 
balance as he falls off a board .

Someone loses his balance 
and falls off his bike .

beam search nucleus sampling

Someone loses balance on the 
ride and falls off the board .

NueroLogic decoding
C

(board ∨ boards) ∧ (lose ∨ loses

∨ fallen) ∧ (balance ∨ balances)

∨ lost) ∧ (ride ∨ rides ∨ rode
∨ ridden) ∧ (fall ∨ falls ∨ fell

missing keyword { board, ride } missing keyword { lose, ride }



COMMONGEN

{ board, lose, ride, fall, balance }X

Pretrained Language Model (Unsupervised!!!)

A woman lost her balance riding 
a horse, falling off the horse, and 

hitting her head on a board .

NueroLogic decoding
C

(board ∨ boards) ∧ (lose ∨ loses

∨ fallen) ∧ (balance ∨ balances)

∨ lost) ∧ (ride ∨ rides ∨ rode
∨ ridden) ∧ (fall ∨ falls ∨ fellA woman and a man have been 

arrested in connection with the 
shooting death of an unarmed 

black man in Ferguson, 
Missouri, on Aug. 12, 2014.

beam search nucleus sampling

The woman, whose name has 
not been released, was taken to 
a local hospital, where she was 

listed in stable condition, 
according to the sheriff's office.

completely irrelevantcompletely irrelevant



COMMONGEN (Zero-shot)

ROUGE-L

33.00

35.75

38.50

41.25

44.00

distill base medium large XL

beam search (supervised)
NeuroLogic (supervised)
NeuroLogic (zero-shot)

METEOR

20.00

22.75

25.50

28.25

31.00

distill base medium large XL

Coverage

60.00

70.00

80.00

90.00

100.00

distill base medium large XL

Unsupervised NeuroLogic 
outperforms 


supervised approaches

Unsupervised NeuroLogic on smaller 
networks outperforms 


supervised approaches on larger networks!



X

Finetuned Language Model

Recipe Generation
Garlic-Butter Steak


{ 2 tsp butter, 1 beef steak, 1/4 tsp soy sauce, 1 tsp parsley, 1/8 tsp salt , 1/2 tsp garlic}

Mix 1 tablespoon butter, parsley, 
garlic and soy sauce. Sprinkle steak 
with salt. In a large skillet, heat 
remaining butter over medium heat. 
Add steak; cook until meat reaches 
desired doneness, 4-7 minutes per 
side. Serve with garlic butter.

NueroLogic decoding
C

butter ∧ (beef ∨ steak ∨ meat)
∧ soy sauce ∧ (parsley ∨ herb)
∧ salt ∧ (garlic ∨ vegetable)
∧ (¬pork ∧ ¬bean ∧ ¬…)

beam search

Preheat a grill for high heat. In a 
bowl, mix together the butter, garlic, 
parsley, salt and pepper. Place the 
steak on the hot grill and cook for 3 
to 4 minute per side. Transfer the 
steak to a cutting board and cut it 
into 1 inch wide strips.

missing ingredient { soy sauce }

unprovided ingredient { pepper }



This Photo by Unknown Author is licensed under CC BY-NC

Reflective Decoding: Unsupervised

Paraphrasing and Abductive Reasoning

Peter West
Chandra 

Bhagavatula
Ari Holtzman Jena Hwang Yejin ChoiXiming Lu



Paraphrasing with Reflective Decoding
Input Context



Input Context

Paraphrasing with Reflective Decoding
1 Contextualization Step


Left-to-right language models



Input

Output 

(Paraphrase)

Context

Paraphrasing with Reflective Decoding

2 Reflection Step


1 Contextualization Step


Left-to-right language models

Right-to-left language models



As an American, I’m not 
qualified to answer this 

People have mixed feelings 
about Americans

…

What do people 
think of 

Americans?

How are 
Americans 
perceived?

Input

Output 

(Paraphrase)

Context

Paraphrasing with Reflective Decoding

Meaning of {                       }

Meaning of {                       }

Meaning of {                       }

2 Reflection Step


1 Contextualization Step


Left-to-right language models

Right-to-left language models



…

Input

Output 

(Paraphrase)

Context

Paraphrasing with Reflective Decoding

Meaning of {                       }

Meaning of {                       }

Meaning of {                       }

2 Reflection Step


1 Contextualization Step


s

̂s
ci



Context

Paraphrase

Input

̂s

s
ci

Paraphrasing with Reflective Decoding

2 Reflection Step


1 Contextualization Step




Context

Use case 1: paraphrasing

Paraphrase

Input
Context

RHLH



Context

Use case 2: Abductive NLG

Paraphrase

Input
Context

RHLH

Obs 1

Input

Obs 2

infill with hypothesis h

that best explains 

progression!



Context
LH

Use case 2: Abductive NLG

Paraphrase

Context
LH

Obs 1
Input

Obs 2+

Context
RHInput

Context
RH

Hypothesis



Evaluation on Paraphrasing

0

17.5

35

52.5

70

BLEU SARI Human

Us (best) Unsupervised (best) supervised (best)

40.0
33.9 38.0

49.9 43.6
38.8

61.4

36.9
49.3

Unsupervised Reflective Decoding (not even fine-
tuned on the target domain) outperforms 

supervised (BART) based on SARI & Human Eval

BLEU can be gamed by copy-and-paste the 
source phrase as is (without paraphrasing)


SARI is a new major that accounts for novelty!



In this talk: Reasoning as Generation

Reasoning thru 

Neural Backpropagation


DeLorean

Reasoning thru 

Search with Logical Constraints


NeuroLogic

• Part 1: unsupervised inference-time algorithms

  => How to make                     from (off-the-shelf) neural language models

Reasoning thru 

Distributional Neural Imagination


Reflective Decoding



Current Paradigm of Deep Learning

To achieve (super) human level performances on language (and vision) leaderboards

Self-supervision on a lot of raw text Supervision on a lot of exam problems

This recipe fails on generative evaluation such as 


abductive reasoning, counterfactual story revision, and 


various constrained text generation tasks with logical constraints



Imagine taking a deep learning class in which…
Self-supervision on a lot of DL code Supervision on a lot of exam problems

NNs latch on spurious correlations & 
unwanted dataset biases

Can’t learn concepts well enough; need to learn from declarative knowledge 



In this talk: Reasoning as Generation

Reasoning thru 

Neural Backpropagation


DeLorean

Reasoning thru 

Search with Logical Constraints


NeuroLogic

Neural & Symbolic 

Commonsense Knowledge


COMET & ATOMIC 2020


Social, Ethical, Moral Norms


Social Chemistry 101


• Part 1: unsupervised inference-time algorithms

• Part 2: supervision with declarative knowledge for knowledge modeling

Visually Grounded 
Commonsense Knowledge


Visual COMET


Reasoning thru 

Distributional Neural Imagination


Reflective Decoding

• Part 3: benchmarks and algorithmic bias reduction



(COMET-)                : 

On Symbolic and Neural Commonsense Knowledge Graphs


— wait, doesn’t GPT-3 know everything? —

To appear at AAAI 2021

Jeff

Da

Ronan

Le Bras

Jena 
Hwang

Me
Keisuke


Sakaguchi
Antoine

Bosseult

Chandra

Bhagavatula

ATOMIC20
20



Sarcasm generation 

Chakrabarty et al. 2020 @ ACL 2020

Therapy Chabot 

Kearns et al. 2020 @ CHI EA 2020

Automated Storytelling

Ammanabrolu et al. 2020 @ arXiv:2009.00829

Simile generation 

Chakrabarty et al. 2020 @ EMNLP 2020



ATOMIC: An Atlas of Machine 
Commonsense  

for If-Then Reasoning
AAAI 2019

Maarten Sap

MeRonan

LeBras

Emily

Allaway

Chandra

Bhagavatula

Nicholas

Lourie

Hannah

Rashkin

Brendan

Roof

Noah

Smith



Definition of Common Sense
•the basic level of practical knowledge and reasoning 

•concerning everyday situations and events 

•that are commonly shared among most people. 


For example, it’s ok to keep the closet door open,

but it’s not ok to keep the fridge door open,


as the food inside might go bad.



•the basic level of practical knowledge and reasoning 

•concerning everyday situations and events 

•that are commonly shared among most people. 


Definition of Common Sense

For example, it’s ok to keep the closet door open,

but it’s not ok to keep the fridge door open,


as the food inside might go bad.

Essential for humans to live and 
interact with each other in a 

reasonable and safe way.
Essential for AI to understand 

human needs and actions better



      X repels 
      Y’s attack



Causes

Effects

      X repels 
      Y’s attack



Static

Dynamic

      X repels 
      Y’s attack



“Cause and Effect”

“Deep learning, I see they’re all stuck there 
on the level of associations. Curve fitting.”

“To build truly intelligent machines, 

teach them cause and effect”



880,000 triples for AI systems to reason about 
causes and effects of everyday situations

      X repels 
      Y’s attack



How to acquire causes and effects at scale?

From unlabeled text?

• Reporting bias (Gordon & 
Van Durme, 2013)


• Commonsense knowledge is 
not often written (Grice, 1975)

Murdering is 4x as 
common as exhaling?

ATOMIC: Crowdsourced 
commonsense knowledge 
around event prompts 
using natural language

Browse ATOMIC: 
https://tinyurl.com/ 

atomic-commonsense



Existing commonsense knowledge bases
Knowledge of “why” and “how”


(inferential: causes and effects)

98% taxonomic99% taxonomic

Knowledge of “what” 
(taxonomic: A isA B; Davis and Marcus, 2015)

ATOMIC 
(Sap et al.; 2019)

OpenCyc 
(Lenat, 1995)

EventNet  
(Espinosa & 
Lieberman, 

2005)

ConceptNet 
(Liu & Singh, 2004)

Formal Theory of 
Commonsense Psychology  

(Gordon & Hobbs, 2017)

Represented in natural language

(how humans talk and think)

Represented in logical forms 

(except ConceptNet)

event := (forall (e) (iff (event e) (or (exists (e1 e2) (and 
(nequal e1 e2)  (change’ e e1 e2))) (exists (e1) (subevent 
e1 e)))))

Visual Commonsense 
Graphs (Park et al., 2020)



COMeT: Commonsense Transformers for 
Automatic Knowledge Graph Construction

ACL 2019

Maarten 

Sap

Hannah 

Rashkin

Antoine

Bosselut

Me
Chaitanya

Malaviya

Asli

Çelikyilmaz



880,000 triples for AI systems to reason about 
causes and effects of everyday situations

Can we reason about commonsense knowledge

without storing all of them explicitly?


TTransfer learning from language (self-supervised) 

to knowledge (supervised)?



      X repels 
      Y’s 
attack

Goal: to teach models to reason about 
causes and effects of new ATOMIC events



COMeT

Transfer learning from 

language to knowledge!

Reporting bias issues, but 
provides signal about 

which events are similar



PersonX sails <xNeed> sailboatacross the Atlantic ahave

COMeT

context event desired 
common


sense 
inference

commonsense 
prediction



COMeT

Block

Block

Block

Block

Block

Block

Block

Block

Block

Block

e0    p0 e1    p1 e |s|    p |s|

+ + + + +
…

PersonX sails <xNeed> sail boat

boat <END>

Vocab Vocab Vocab VocabVocab

[MASK] [MASK] have

Block Block Block BlockBlock

…

Block Block Block BlockBlock

Block Block Block BlockBlock

Block Block Block BlockBlock

Block

Block

Block

Block

e2    p2 e3    p3

+ +
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+
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sail
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Block

Block

+

have

a
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Block

Block

Block

Block



Turns out, COMET generalizes well 

on out-of-domain examples


(which we realized only after publishing our ACL 2019 paper… )



Demo: https://mosaickg.apps.allenai.org/

Click here for COMET demo


(COMET trained on ATOMIC)

Write a short text to reason about

https://mosaickg.apps.allenai.org


Demo: https://mosaickg.apps.allenai.org/

Click here for COMET demo


(COMET trained on ATOMIC)
Click here for COMET demo


(COMET trained on ConceptNet)

Write a short text to reason about

https://mosaickg.apps.allenai.org


John gets into an accident
“John” instead of 
“Person X”



(Some amount of) 


Abstraction by COMET?



Demo: https://mosaickg.apps.allenai.org/

1. Type any one content word (“conscious”), then the 
demo lists all events with the query word in the KG


2. Choose one of the events in the dropbox, hit enter 

Click here to search ATOMIC 

knowledge graph

https://mosaickg.apps.allenai.org


ATOMIC “PersonX is self conscious”



“PersonX is self conscious”ATOMIC COMET



“PersonX is self conscious”ATOMIC COMET



“Sarah is conscious”
COMET

Recall that ATOMIC 

does NOT have any 

event about being 


conscious


ATOMIC has events 


only about being


- Self-conscious


- Unconscious



Sanja rides into the sunset on a motorcycle 

after solving AI.



Gary breaks the world record for most controversial tweet.



Gary breaks the world record for most controversial tweet.







ATOMIC
tinyurl.com/atomic-

Language Models

Bloc Bloc

e0    e1    
+ +

Bloc Bloc

Bloc Bloc

Bloc Bloc

e2    e3    
+ +

Bloc Bloc

Bloc Bloc

Bloc

e4    
+

Bloc

Bloc

self supervised learning of

observed knowledge

(semi-) supervised learning of

declarative knowledge

SYMBOLIC


but in LANGUAGE

(instead of LOGIC)

NEURAL


(generalizes well to 
compositional & 
unseen events)

focus on 

“causes and effects”

(causal knowledge)

COMeT



(COMET-)                : 

On Symbolic and Neural Commonsense Knowledge Graphs


— wait, doesn’t GPT-3 know everything? —

To appear at AAAI 2021

Jeff

Da

Ronan

Le Bras

Jena 
Hwang

Me
Keisuke


Sakaguchi
Antoine

Bosseult

Chandra

Bhagavatula

ATOMIC20
20



Call Uber for 
a ride

Pay the bill

As a result, X wants 
to…

Maintain 
their car

Because X 
wanted to …

ATOMIC

A mechanic

Money
Before, X 

needs …

Social-Interaction Commonsense

Fold into 
origami

Paying repairsUsed for

Earned 
by working

Has property

Paper

Is made of

Used for

Physical-Entity Commonsense

The car costs 
too much

	 X's car is totaled 
completely

Can be 
hindered by

X gets X’s car repaired

X drives an old car

Happens after

X spends a fortune

Happens before X likes driving now

Event-Centered Commonsense

ATOMIC20
20



ATOMIC20
20

Call Uber for 
a ride

Pay the bill

As a result, X wants 
to…

Maintain 
their car

Because X 
wanted to …

A mechanic

Money
Before, X 

needs … Fold into 

origami

Paying repairsUsed for

Earned 
by working

Has property

Paper

Is made of

Used for

The car costs 
too much

	 X's car is totaled 
completely

Can be 
hindered by

X gets X’s car repaired

X drives an old car

Happens after

X spends a fortune

Happens before X likes driving now



ATOMIC20
20

X takes ___ to a 
pawn shop

Jewelry

Filled by

Because X 
wanted to…

Call Uber for 
a ride

Pay the bill

Maintain 
their car

Because X 
wanted to …

A mechanic

Money
Before, X 

needs … Fold into 

origami

Paying repairsUsed for

Earned by 
working

Has property

Paper

Is made of

Used for

The car costs 
too much

	 X's car is 
totaled completely

Can be 
hindered by

X gets X’s car repaired

X drives an old car

Happens after

X spends a fortune

Happens before X likes driving now

As a result, X 
wants to…

Hide the (stolen) car
Used for

X wants to cry

Upset

Repair 
shop

Is located at

X is seen as

Before 
X needs

X gets away 
with crime

Feels guilty

X is in a hurry to 
get to work

Doesn’t have 
internet access

X drives too fast

Give him 
a ticket

As a result, others want

Lie a lot

Is capable of

X leaves a bad 
review

Can be 
hindered by

Cheater

Burglar

X plays blackjack

Filled by

Casino

Is located at

Gambler

Risky

X is seen as

X plays blackjack

Is located at

Because X 
wanted

Happens after
Happens 
before

Accident

Happens after
Faulty traffic 

light

Causes

Can be 
hindered by

Make 
moneyX steals the car

Sells the car

Sneaky

As a result, X reacts

X is pulled 
over by a cop

The car would 
not start

Because X 
wanted

X can’t find a 
crowbar

Shady

X is seen as

As a result, 
X reacts

As a result,

X wants

Because X 
wanted …1.33M commonsense if-then inferences


23 relations (or inference types)



COMeT (BART): x435 smaller model  (~400M parameters), 

informed by ATOMIC20

20

GPT-3 (Few Shot): 175B parameters!!

pre-trained with a ton of web text (~500B tokens)

C
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100

COMET (BART) GPT3 GPT2

36.6
73.084.5

Off-the-shelf Language ModelsKnowledge Models



Visual COMET: 

Reasoning about the Dynamic Context of a Still Image

Jae Sung (James) Park

Roozbeh

Mottaghi

Chandra

Bhagavatula

Ali

Farhadi

Yejin 

Choi

ECCV 2020



Person Person

Statue

Object Detection

Hand

Water

Shirt



Scene Graph

Person Person

Statue

Bronze

Next to

In

(Johnson et. al., 2015; Krishna et. al., 2016)

Hand

Has

Black

Shirt

Water

Wearing

Wet



Person Person

Statue

A person is holding onto a bronze statue in water.

Hand

Shirt

Water



A person is holding onto a bronze statue in water.

hold on for 
his life. 

wait for help 
to arrive.

Why is the person holding 
onto the statue?

save himself 
from drowning.

Because person wanted to … 



A person is holding onto a bronze statue in water.

What did person need to 
do before the image?

What will person do 
after the image?

Swim 
towards the 

statute. 

Notice water 
washing in.

Be washed 
away. 

Gasp for air.

Before, person needed to … After, person will most likely … 



Save himself 
from drowning.

Wait for help 
to arrive.

Because Person 
wanted to … 

Be washed 
away. 

Gasp for air. Scream 
for help.

Swim towards 
the statute. 

Notice water 
washing in.

Sense his 
own death. Person

After Person 

will most likely … 

Before Person 
needed to … 

Person1
Person2

Because Person2 
wanted to … 

After Person2 

will most likely … 

Before Person2 
needed to … 

Swim to 
safety.

Get to 
the top of 

the deck.

Get caught in a 
rush of water.

Realize 
the ship is 

sinking.

Start 
moving against 

the water. 

Because Person1 
wanted to … 

Sink in the 
water.

Try to help 
[Person2].

After Person1 

will most likely … 

Before Person1 
needed to … 





Save himself 
from drowning.

Because Person 
wanted to … 

Be washed 
away. 

Scream 
for help.

Notice water 
washing in.

Sense his 
own death. Person Before Person 

needed to … 

Person2

Because Person2 
wanted to … 

After Person2 

will most likely … 

Before Person2 
needed to … 
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Save himself 
from drowning.

Wait for help 
to arrive.

Because Person 
wanted to … 
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Notice water 
washing in.
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After Person 
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Person1
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Swim to 
safety.
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the deck.
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rush of water.

Realize 
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moving against 

the water. 

Because Person1 
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water.

Try to help 
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Person1

Save himself 
from drowning.

Wait for help 
to arrive.

Because Person2 
wanted to … Swim to 

safety.

Be 
washed away. 

Gasp for air.
Scream 
for help.

Swim towards 
the statute. 

Notice water 
washing in.

Sense his own 
death. 

Person2

After Person2 

will most likely … Realize 

the ship is 
sinking.

Start 
moving against 

the water. 

Sink in the 
water.

Try to help 
[Person2].

Before Person2 
needed to … 

After Person1 

will most likely … 

Get caught in a 
rush of water.

Before Person1 
needed to … 

Because Person1 
wanted to … 

Get to 
the top of 

the deck.



Person1

Save himself 
from drowning.

Wait for help 
to arrive.

Because Person2 
wanted to … Swim to 

safety.

Be 
washed away. 

Gasp for air. Scream 
for help.

Swim towards 
the statute. 

Notice water 
washing in.

Sense his own 
death. 

Person2

After Person2 

will most likely … Realize 

the ship is 
sinking.

Start 
moving against 

the water. 

Sink in the 
water.

Try to help 
[Person2].

Before Person2 
needed to … 

After Person1 

will most likely … 

Person1

Get his hand off 
her mouth.

Get 
Captured.

Make 
noise.

Try to 
get free.

Feel 
terrified.

Because Person1 
wanted to … 

Adhere to police 
instruction.

Before Person1 
needed to … 

Show approval.

Because Person1 
wanted to … 

Person1

Drive a car into 
the situation.

Before Person1 needed 
to … 

After Person1 

will most likely … 

Turn the 
steering wheel.

Turn to look 
out  the windshield.

Drive the car as 
quickly as he can.

Get away from 
something.

Because Person1 
wanted to … 

Stay as 
hostage.

After Person1 

will most likely … 

Before Person2 
needed to … 

Person1

Person2

Get them out 
of the car.

Get caught in a 
rush of water.

Before Person1 
needed to … 

Because Person1 
wanted to … 

Get to 
the top of 

the deck.

After Person1 

will most likely … 

Person2

After Person1 

will most likely … 

Applaud for 
the speech.

Participate 
in the wave.

Start 
jumping in joy.

Person1

Survey the 
damage.

Because Person1 
wanted to … 

Person1

Get prepared for 
his departure.

Express his 
excitement.

Because Person1 
wanted to … 

Say goodbye to 
his friend.

Before Person1 
needed to … 

Purchase a ticket.

Person1

Step on the break.

Get knocked 
unconscious.

Person1

Person2

Fall to the floor.
Unfasten his 

seatbelt.

Get back to 
her seat.

Announce 
passengers to relax.

After Person1 

will most likely … 

Lift [Person2] up.
Take [Person2] 

somewhere safer.
Comfort 

[Person2].

Because Person1 
wanted to … 

Find something 
to hold onto.

Before Person2 
needed to … 

Crash 
the car.



Person1

Save himself 
from drowning.

Wait for help 
to arrive.

Because Person2 
wanted to … Swim to 

safety.

Be 
washed away. 

Gasp for air.

Swim towards 
the statute. 

Notice water 
washing in.

Sense his own 
death. 

Person2

After Person2 

will most likely … Realize 

the ship is 
sinking.

Start 
moving against 

the water. 

Sink in the 
water.

Try to help 
[Person2].

Before Person2 
needed to … 

After Person1 

will most likely … 

Person1

Get his hand off 
her mouth.

Get 
Captured.

Make 
noise.

Try to 
get free.

Feel 
terrified.

Because Person1 
wanted to … 

Adhere to police 
instruction.

Before Person1 
needed to … 

Show approval.

Because Person1 
wanted to … 

Person1

Drive a car into 
the situation.

Before Person1 needed 
to … 

After Person1 

will most likely … 

Turn the 
steering wheel.

Turn to look 
out  the windshield.

Drive the car as 
quickly as he can.

Get away from 
something.

Because Person1 
wanted to … 

Stay as 
hostage.

After Person1 

will most likely … 

Before Person2 
needed to … 

Person1

Person2

Get them out 
of the car.

Get caught in a 
rush of water.

Before Person1 
needed to … 

Because Person1 
wanted to … 

Get to 
the top of 

the deck.

After Person1 

will most likely … 

Person2

After Person1 

will most likely … 

Applaud for 
the speech.

Participate 
in the wave.

Start 
jumping in joy.

Person1

Survey the 
damage.

Because Person1 
wanted to … 

Person1

Get prepared for 
his departure.

Express his 
excitement.

Because Person1 
wanted to … 

Say goodbye to 
his friend.

Before Person1 
needed to … 

Purchase a ticket.

Person1

Step on the break.

Get knocked 
unconscious.

Person1

Person2

Fall to the floor.
Unfasten his 

seatbelt.

Get back to 
her seat.

Announce 
passengers to relax.

After Person1 

will most likely … 

Lift [Person2] up.
Take [Person2] 

somewhere safer.
Comfort 

[Person2].

Because Person1 
wanted to … 

Find something 
to hold onto.

Before Person2 
needed to … 

Scream 
for help.

1.4 million inferences over 

60K images with 

https://visualcomet.xyz

Crash 
the car.

https://visualcomet.xyz


• 60K Images from VCR (Zellers et al. 2019) complex scenes from movie scenes


• 130K Person-Grounded Event Sentences (Min. 2 per Image)


• 1.4M Person-Grounded Inference Sentences 


• Min. 4 Before Inferences per Event


• Min. 4 After Inferences per Event


• Min. 2 Intent Inferences per Event


• All Sentences Annotated with Amazon Mechanical Turk

Dataset Statistics

Annotators had access 
to before/after videos.



[Person2] is holding onto a bronze statue 
while waves of water crash around him.

Task: Generating Commonsense Inferences in Language

Person2

Before, Person2 
needed to … 

After, Person2 

will most likely … 

Because, Person2 
wanted to … 

?

? ?

?

?

?

?

?

Input Output



Our Model Builds on Pre-Trained Language Models

GPT-2 for Conditional 
Generation

Vision-Language 
Transformer Architecture

(Radford et. al., 2019) (Lu et. al., 2020; Su et. al, 2020; Tan et. al, 2020)



…

<|after|>

Inference Dimension

<Person2> Is Holding Onto <endevent><startevent><endimg><startimg>

Visual Context

<startinf> <endinf>

Text Event

Gasp For Air

Inference Sentence

Our Approach



Pre-Trained GPT-2

…<|after|>

(Vaswani et al., 2017)

<startimg>

Visual Context

<endimg> …<Person2> Is <endevent><startevent> <startinf> Gasp For

Text Event

For Air

ROI 
Feature

ROI 
Feature

Inference Dim. & Sentence

Transformer Block 

Transformer Block 

Token & Position Embed

Fine-tune LM: Gasp

Model Architecture



In (the original) VQA, models did too 
well without looking at the image:

1. “what is the color of the banana?”


• “yellow”

2. “how many …?


• “two”

Sanity Checks against Spurious Dataset Biases

Making the V in VQA Matter: Elevating the Role of Image Understanding in Visual Question Answering (Goyal et al., 2017)

In MS CoCo, captions retrieved from KNN 
matched human-level performance 

Devlin et al. 2015

=> Sanity Check #1: 

Nearest Neighbor Baseline



[Person2] is holding onto a bronze statue 
while waves of water crash around him.

Sanity Check #2: Language-Only Baseline Ignoring the Image

Person2

Before, Person2 
needed to … 

After, Person2 

will most likely … 

Because, Person2 
wanted to … 

?

? ?

?

?

?

?

?

Input Output



Automatic Evaluation

6
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Nearest Neighbor Lang Only Vision + Lang
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Human Evaluation

40

50

60

70

Human

61

50

Lang Only Vision + Lang

Avg precision of 5 model predictions

Visual Component 
is Needed



Before, Person1 needed to … 

[Person1] is putting a 
platter on the table at 
an outdoor restaurant. Get up from 

the table.

Put food on 
the platter.

Unlikely

Buy groceries.

Lang Only

Input Output



Lang Only

[Person1] is putting a 
platter on the table at 
an outdoor restaurant. Get up from 

the table.

Put food on 
the platter.

UnlikelyBefore, Person1 needed to … 

Event: [P1] is putting a platter on the table.
Place: At an Outdoor Restaurant.

[PERSON2]

[PERSON1]

[PERSON5]
[PERSON4]

Receive an 
order for platter.

Wait for 
everyone to sit 

down.

Buy groceries.

Be hired as a 
waiter.

Vision + Lang

Input Output



[Person1] is putting a 
platter on the table at 
an outdoor restaurant.

Ensure 
the food is taken 

care of.

Tend to the 
patrons.

UnlikelyBecause, Person1 wanted to … 

Have dessert

Lang Only

Event: [P1] is putting a platter on the table.
Place: At an Outdoor Restaurant.

[PERSON2]

[PERSON1]

[PERSON5]
[PERSON4]

Input Output



[Person1] is putting a 
platter on the table at 
an outdoor restaurant.

Ensure 
the food is taken 

care of.

Tend to the 
patrons.

UnlikelyBecause, Person1 wanted to … 

Have dessert

Lang Only

Event: [P1] is putting a platter on the table.
Place: At an Outdoor Restaurant.

[PERSON2]

[PERSON1]

[PERSON5]
[PERSON4]

Have [P2], [P4], 

and [P5] to eat.

Greet [P2], [P4], 
and [P5].

Vision + Lang

Serve [P2], [P4], 
and [P5].

Input Output



[Person1] is putting a 
platter on the table at 
an outdoor restaurant.

Unlikely

Lang Only

Ask [P2] for a 
menu.

Sip the water.

Get up and 
walk over to his 

table.

After, Person1 will most likely … 

Event: [P1] is putting a platter on the table.
Place: At an Outdoor Restaurant.

[PERSON2]

[PERSON1]

[PERSON5]
[PERSON4]

Input Output



Lang Only

[Person1] is putting a 
platter on the table at 
an outdoor restaurant.

Ask [P2] for a 
menu.

UnlikelyAfter, Person1 will most likely … 

Event: [P1] is putting a platter on the table.
Place: At an Outdoor Restaurant.

[PERSON2]

[PERSON1]

[PERSON5]
[PERSON4]

Get back to the kitchen 
to get more food.

Get back to his 
work duties.

Sip the water.

Take drinks.

Vision + Lang

Get up and 
walk over to his 

table.

Input Output



Conclusion
• Visual Commonsense Graphs, the first large-scale repository of 

visual commonsense with more than 1.4 million commonsense 
inferences over 60k images with complex visual scenes.


• Promising results that use the power of pre-trained language to close 
the gap between perception-level and cognition-level visual 
understanding.


• The dataset supports new tasks and models beyond what are 
presented here.



Learning to Reason about Social and Moral Norms

EMNLP 2020

Me

⚗  Social Chemistry 101

 Jena Hwang

Maxwell Forbes

Vered Shwartz Maarten Sap



GPT3’s Morality?
• Running a blender at 5am is rude because… 


• you can wake up the entire neighborhood. You 
can only do it if you are making a thick 
smoothie and need to incorporate some ice. 😅


• It is ok to post fake news if… 


• it’s in the interests of the people. 😱 


• It is ok to post fake news if… 


• it helps the xxx agenda, even if it hurts the 
country. 😱

Need to teach AI with people’s descriptive ethics (declarative knowledge) 
as brute-force large networks (& data) won’t cut it.

Can’t do social & moral norms without the full scope of language!



Rules of Thum
b (RoTs)

INTRO
DUCING

asking  my boyfriend  to stop being friends with his exNarrator:



Rules of Thum
b (RoTs)

INTRO
DUCING

asking  my boyfriend  to stop being friends with his exNarrator: asking  my boyfriend  to stop being friends with his exNarrator:

It's okay to ask your significant other to stop 
doing something you're uncomfortable with.

Rules of Thumb 

Situation



Rules of Thum
b (RoTs)

INTRO
DUCING

asking  my boyfriend  to stop being friends with his exNarrator: asking  my boyfriend  to stop being friends with his exNarrator:

It’s not right to tell another person who to spend time with.

It's okay to ask your significant other to stop 
doing something you're uncomfortable with.

You should make sure your SO doesn’t 
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Rules of Thumb 

Situation

RoT

RoT



Rules of Thum
b (RoTs)

INTRO
DUCING

asking  my boyfriend  to stop being friends with his exNarrator: asking  my boyfriend  to stop being friends with his exNarrator:
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Rules of Thum
b (RoTs)

INTRO
DUCING

asking  my boyfriend  to stop being friends with his exNarrator: asking  my boyfriend  to stop being friends with his exNarrator:

It’s not right to tell another person who to spend time with.

It's okay to ask your significant other to stop 
doing something you're uncomfortable with.

It’s fine to stay friends with an ex.

You should make sure your SO doesn’t 
feel like a lower priority than your ex.

It's understandable to not want your 
significant other to be friends with their ex.

expected/OK

expected/OK

good loyalty/betrayalcare/harm

bad

care/harm

loyalty/betrayal

loyalty/betrayalexpected/OK

authority/subversion

Rules of Thumb 

Situation

RoT

RoT

RoT

RoT



SITUATION
Narrator:  Not wanting to be around  my GF  when she’s sick

It's kind to sacrifice your well-
being to take care of a sick person.

Morality /
Ethics

ROT

ROT BREAKDOWN

ACTION BREAKDOWN

ROT CATEGORIZATION

MORAL FOUNDATIONS

Social Norms Advice It is what it is

Care / Harm Fairness /
Cheating

Loyalty /
Betrayal

Authority /
Subversion

Sanctity /
Degradation

< 1% ~5% – 25% ~ 50% ~ 75% – 90% > 99%
ANTICIPATED AGREEMENT (ROT)

ROT TARGETING

narrator my GF no one listed

sacrificing your well-being to take care of a sick person
ACTION

it’s kind
ORIGINAL JUDGMENTAGENCY

Agency Experience

SOCIAL JUDGMENT

Very bad Bad Expected / OK Good Very good

< 1% ~5% – 25% ~ 50% ~ 75% – 90% > 99%
ANTICIPATED AGREEMENT (SOCIAL JUDGMENT)

Illegal Tolerated Legal
LEGALITY

Strong pressure
against

Pressure
against Discretionary Pressure for Strong

pressure for

CULTURAL PRESSURE

Probably notExplicitly not Hypothetical Probable Explicit
TAKING ACTION

ACTION CANDIDATE

narrator my GF no one listed

ATTRIBUTE KEY

Grounded
Social

RoT
Situation



SITUATION
Narrator:  Not wanting to be around  my GF  when she’s sick

It's kind to sacrifice your well-
being to take care of a sick person.

Morality /
Ethics

ROT

ROT BREAKDOWN

ACTION BREAKDOWN

ROT CATEGORIZATION

MORAL FOUNDATIONS

Social Norms Advice It is what it is

Care / Harm Fairness /
Cheating

Loyalty /
Betrayal

Authority /
Subversion

Sanctity /
Degradation

< 1% ~5% – 25% ~ 50% ~ 75% – 90% > 99%
ANTICIPATED AGREEMENT (ROT)

ROT TARGETING

narrator my GF no one listed

sacrificing your well-being to take care of a sick person
ACTION

it’s kind
ORIGINAL JUDGMENTAGENCY

Agency Experience

SOCIAL JUDGMENT

Very bad Bad Expected / OK Good Very good

< 1% ~5% – 25% ~ 50% ~ 75% – 90% > 99%
ANTICIPATED AGREEMENT (SOCIAL JUDGMENT)

Illegal Tolerated Legal
LEGALITY

Strong pressure
against

Pressure
against Discretionary Pressure for Strong

pressure for

CULTURAL PRESSURE

Probably notExplicitly not Hypothetical Probable Explicit
TAKING ACTION

ACTION CANDIDATE

narrator my GF no one listed

ATTRIBUTE KEY

Grounded
Social

RoT
Situation

300,000 Rules of Thumb

grounded on 104k real life situations 


each RoT with 12 structured attributes

e.g., 
Social Judgment Cultural Pressure Agency

Anticipted Agreement Legality Moral Foundation



Social Judgment

Cultural Pressure

Agency Anticipted Agreement

Legality Moral Foundation

STRUCTURED ATTRIBUTES

STATE-OF-THE-ART

NEURAL NETWORK MODELS

(SUBSET)

RULES OF THUMB

“it’s rude to call the cops on your neighbors”



Communication requires 
understanding people’s norms.
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E.G. It’s rude to make loud 

noises during the night.

Moral Norms 
E.G. It’s important to 

be considerate of 
others’ physical 

needs, like sleep.

Ethical Norms 
E.G. You should follow 

household rules for 
everyone’s benefit.
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Social Norms 
E.G. It’s rude to make loud 

noises during the night.

Moral Norms 
E.G. It’s important to 

be considerate of 
others’ physical 

needs, like sleep.

Ethical Norms 
E.G. You should follow 

household rules for 
everyone’s benefit.

Challenging to capture
Who decides? Where do we find them?

Challenging to utilize
How do we use abstract moral rules?

GROUNDED 
DESCRIPTIVE 

NORMS
Descriptive norms

E.g., descriptive ethics: have 
everyday people describe

Grounded
Evoked from situations, tied

to people involved



In this talk: Reasoning as Generation

Reasoning thru 

Neural Backpropagation


DeLorean

Reasoning thru 

Search with Logical Constraints


NeuroLogic

Neural & Symbolic 

Commonsense Knowledge


COMET & ATOMIC 2020


Social, Ethical, Moral Norms


Social Chemistry 101


• Part 1: unsupervised inference-time algorithms

• Part 2: supervision with declarative knowledge for knowledge modeling

Visually Grounded 
Commonsense Knowledge


Visual COMET


Reasoning thru 

Distributional Neural Imagination


Reflective Decoding

• Part 3: benchmarks and algorithmic bias reduction



“Got

a Challenge 

Dataset?”



“Yes!”



A rainbow of 

commonsense 

challenges

1. Physical IQA (AAAI 2020)


2. Social IQA (EMNLP 2019)


3. Visual Commonsense Reasoning 
(CVPR 2019)


4. Abductive Commonsense 
Reasoning (ICLR 2020)


5. HellaSwag (ACL 2019)   


6. Winogrande (AAAI 2020)


7. Cosmos QA (EMNLP 2019)

=



Physical IQA

Test knowledge of affordances and physical attributes

Q. Which household item can I use to roll out bread dough?

Wine Bottle

Bread Mixer

~21,000 Instances



“The large ball crashed right through the table because it was made of steel.”

“The large ball crashed right through the table because it was made of styrofoam.”

~44,000 Instances

WinoGrande: Adversarial Winograd Schema Challenge at Scale
Best Paper Award @ AAAI 2020



Cosmos QA

Context:  
It 's a very humbling experience when you need someone to dress you every morning, 
tie your shoes, and put your hair up. Every menial task takes an unprecedented amount 
of effort . 
Question: 
What's a possible reason the writer needed someone to dress him every morning?

the writer is bad at doing his own hair.

the writer has a physical disability.

the writer doesn't like putting effort into 
these tasks.

the writer has never learned how to get 
dressed.

~35,000 Instances



A rainbow of 

commonsense 

challenges

1. Physical IQA (AAAI 2020)


2. Social IQA (EMNLP 2019)


3. Visual Commonsense Reasoning 
(CVPR 2019)


4. Abductive Commonsense 
Reasoning (ICLR 2020)


5. HellaSwag (ACL 2019)   


6. Winogrande (AAAI 2020)


7. Cosmos QA (EMNLP 2019)

=



What’s going on???

For “SWAG” (EMNLP 2018) commonsense inference dataset, 
which was the precursor of “HellaSwag” (ACL 2019)) …



Many AI systems 
perform well, 

but do so for 
questionable 

reasons



HellaSwag: Can a Machine Really 
Finish Your Sentence?

ACL 2019

Rowan

Zellers

Ari

Holtzman

Yonatan

Bisk

Ali

Farhadi Yejin Choi

What happened with SWAG? TLDR:

— dataset must be debiased (by algorithms) 


— dataset must evolve (with the evolving SOTA)



Correct 
Answer

Potential 
Incorrect 
Answers

...
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<latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="Kuty2O/rzxvCIxhnj6NZo2r7fbQ="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="Kuty2O/rzxvCIxhnj6NZo2r7fbQ="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="Kuty2O/rzxvCIxhnj6NZo2r7fbQ="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit>

x�
1,1

<latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="li6wedieUd5nSaPR6/vq6SLraIE="></latexit><latexit sha1_base64="li6wedieUd5nSaPR6/vq6SLraIE="></latexit><latexit sha1_base64="iXQvhLHI0NIt2pVvKgQzMFOvHFQ="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit>

x�
1,2

<latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit><latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit><latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit><latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit>

x�
1,3

<latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit><latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit><latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit><latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit>

x�
1,4

<latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit><latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit><latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit><latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit>

x+
1

<latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="Kuty2O/rzxvCIxhnj6NZo2r7fbQ="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="Kuty2O/rzxvCIxhnj6NZo2r7fbQ="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="Kuty2O/rzxvCIxhnj6NZo2r7fbQ="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit>

x+
2

<latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="O4Ae6o2uZz7SorsTFXfAZRh1Coo="></latexit><latexit sha1_base64="O4Ae6o2uZz7SorsTFXfAZRh1Coo="></latexit><latexit sha1_base64="i80YdwFU7Q+gwLXkqasifM5Abtc="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit>

x+
3

<latexit sha1_base64="yQvUiTeDvaSaMyD+tUzwdkkskKs="></latexit><latexit sha1_base64="yQvUiTeDvaSaMyD+tUzwdkkskKs="></latexit><latexit sha1_base64="yQvUiTeDvaSaMyD+tUzwdkkskKs="></latexit><latexit sha1_base64="yQvUiTeDvaSaMyD+tUzwdkkskKs="></latexit>

x+
4

<latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="LwrqVaMr+e5Rtg2pxxr2sZT1gL0="></latexit><latexit sha1_base64="LwrqVaMr+e5Rtg2pxxr2sZT1gL0="></latexit><latexit sha1_base64="aF27+rUwJVagONefpNK04x0iPvg="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit>

x+
5

<latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="2eS1WNTVhLpLxgt8IiEdI+of3f8="></latexit><latexit sha1_base64="2eS1WNTVhLpLxgt8IiEdI+of3f8="></latexit><latexit sha1_base64="XJuUzThdmjltGyaUclHb8hodQGI="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit>

x+
6

<latexit sha1_base64="lHOpKtkuHTOsAkPm3pMqlkv5/UQ="></latexit><latexit sha1_base64="lHOpKtkuHTOsAkPm3pMqlkv5/UQ="></latexit><latexit sha1_base64="lHOpKtkuHTOsAkPm3pMqlkv5/UQ="></latexit><latexit sha1_base64="lHOpKtkuHTOsAkPm3pMqlkv5/UQ="></latexit>

x�
1,1

<latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="li6wedieUd5nSaPR6/vq6SLraIE="></latexit><latexit sha1_base64="li6wedieUd5nSaPR6/vq6SLraIE="></latexit><latexit sha1_base64="iXQvhLHI0NIt2pVvKgQzMFOvHFQ="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit>

x�
2,1

<latexit sha1_base64="s2VKsJCh/SAm5/IyAhmegPDdL0c="></latexit><latexit sha1_base64="s2VKsJCh/SAm5/IyAhmegPDdL0c="></latexit><latexit sha1_base64="s2VKsJCh/SAm5/IyAhmegPDdL0c="></latexit><latexit sha1_base64="s2VKsJCh/SAm5/IyAhmegPDdL0c="></latexit>

x�
3,1

<latexit sha1_base64="M+x15vtUY/LoOV9/6FLEBIf1Gek="></latexit><latexit sha1_base64="M+x15vtUY/LoOV9/6FLEBIf1Gek="></latexit><latexit sha1_base64="M+x15vtUY/LoOV9/6FLEBIf1Gek="></latexit><latexit sha1_base64="M+x15vtUY/LoOV9/6FLEBIf1Gek="></latexit>

x�
4,1

<latexit sha1_base64="LufqbajnekUeSi42FBNQIixGA1Y="></latexit><latexit sha1_base64="LufqbajnekUeSi42FBNQIixGA1Y="></latexit><latexit sha1_base64="LufqbajnekUeSi42FBNQIixGA1Y="></latexit><latexit sha1_base64="LufqbajnekUeSi42FBNQIixGA1Y="></latexit>

x�
5,1

<latexit sha1_base64="fQyOtyX8bPO2U48qRCSbWy/eFeQ="></latexit><latexit sha1_base64="fQyOtyX8bPO2U48qRCSbWy/eFeQ="></latexit><latexit sha1_base64="fQyOtyX8bPO2U48qRCSbWy/eFeQ="></latexit><latexit sha1_base64="fQyOtyX8bPO2U48qRCSbWy/eFeQ="></latexit>

x�
6,1

<latexit sha1_base64="OfUBGQ+y9J3zs0yskrN28AfcUxM="></latexit><latexit sha1_base64="OfUBGQ+y9J3zs0yskrN28AfcUxM="></latexit><latexit sha1_base64="OfUBGQ+y9J3zs0yskrN28AfcUxM="></latexit><latexit sha1_base64="OfUBGQ+y9J3zs0yskrN28AfcUxM="></latexit>

x�
1,2

<latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit><latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit><latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit><latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit>

x�
2,2

<latexit sha1_base64="vWGdwYNt8WkEpeM8OkXwcH6tybA="></latexit><latexit sha1_base64="vWGdwYNt8WkEpeM8OkXwcH6tybA="></latexit><latexit sha1_base64="vWGdwYNt8WkEpeM8OkXwcH6tybA="></latexit><latexit sha1_base64="vWGdwYNt8WkEpeM8OkXwcH6tybA="></latexit>

x�
3,2

<latexit sha1_base64="DGXJJSFrKessbInI6Z5UWrNzhZA="></latexit><latexit sha1_base64="DGXJJSFrKessbInI6Z5UWrNzhZA="></latexit><latexit sha1_base64="DGXJJSFrKessbInI6Z5UWrNzhZA="></latexit><latexit sha1_base64="DGXJJSFrKessbInI6Z5UWrNzhZA="></latexit>

x�
4,2

<latexit sha1_base64="NEBlut+G+RILYmuBg7kmbaUjNFo="></latexit><latexit sha1_base64="NEBlut+G+RILYmuBg7kmbaUjNFo="></latexit><latexit sha1_base64="NEBlut+G+RILYmuBg7kmbaUjNFo="></latexit><latexit sha1_base64="NEBlut+G+RILYmuBg7kmbaUjNFo="></latexit>

x�
5,2

<latexit sha1_base64="kLgXbzWsgKUw9JWFAUCLU06Zkm8="></latexit><latexit sha1_base64="kLgXbzWsgKUw9JWFAUCLU06Zkm8="></latexit><latexit sha1_base64="kLgXbzWsgKUw9JWFAUCLU06Zkm8="></latexit><latexit sha1_base64="kLgXbzWsgKUw9JWFAUCLU06Zkm8="></latexit>

x�
6,2

<latexit sha1_base64="u7N/DPhD3pTBH9+KPqdxUFwgM3w="></latexit><latexit sha1_base64="u7N/DPhD3pTBH9+KPqdxUFwgM3w="></latexit><latexit sha1_base64="u7N/DPhD3pTBH9+KPqdxUFwgM3w="></latexit><latexit sha1_base64="u7N/DPhD3pTBH9+KPqdxUFwgM3w="></latexit>

x�
1,3

<latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit><latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit><latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit><latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit>

x�
2,3

<latexit sha1_base64="okk6YKa7EBXKuA8q9ps6SdxlQ0E="></latexit><latexit sha1_base64="okk6YKa7EBXKuA8q9ps6SdxlQ0E="></latexit><latexit sha1_base64="okk6YKa7EBXKuA8q9ps6SdxlQ0E="></latexit><latexit sha1_base64="okk6YKa7EBXKuA8q9ps6SdxlQ0E="></latexit>

x�
3,3

<latexit sha1_base64="+c3rnYVDk356J/58LbgcLA+dg0c="></latexit><latexit sha1_base64="+c3rnYVDk356J/58LbgcLA+dg0c="></latexit><latexit sha1_base64="+c3rnYVDk356J/58LbgcLA+dg0c="></latexit><latexit sha1_base64="+c3rnYVDk356J/58LbgcLA+dg0c="></latexit>

x�
4,3

<latexit sha1_base64="f8YzNYBvs53qcg80kpz5hnX8AFI="></latexit><latexit sha1_base64="f8YzNYBvs53qcg80kpz5hnX8AFI="></latexit><latexit sha1_base64="f8YzNYBvs53qcg80kpz5hnX8AFI="></latexit><latexit sha1_base64="f8YzNYBvs53qcg80kpz5hnX8AFI="></latexit>

x�
5,3

<latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit><latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit><latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit><latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit>

x�
6,3

<latexit sha1_base64="8LoEi68uGerOK0NzFxYeDHTKK+4="></latexit><latexit sha1_base64="8LoEi68uGerOK0NzFxYeDHTKK+4="></latexit><latexit sha1_base64="8LoEi68uGerOK0NzFxYeDHTKK+4="></latexit><latexit sha1_base64="8LoEi68uGerOK0NzFxYeDHTKK+4="></latexit>

x�
1,4

<latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit><latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit><latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit><latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit>

x�
2,4

<latexit sha1_base64="WN4m0axEo7f5ZOzsZ/Magn+oxes="></latexit><latexit sha1_base64="WN4m0axEo7f5ZOzsZ/Magn+oxes="></latexit><latexit sha1_base64="WN4m0axEo7f5ZOzsZ/Magn+oxes="></latexit><latexit sha1_base64="WN4m0axEo7f5ZOzsZ/Magn+oxes="></latexit>

x�
3,4

<latexit sha1_base64="cdF5LTPdr9ChRvur5zMt3iQ0WMc="></latexit><latexit sha1_base64="cdF5LTPdr9ChRvur5zMt3iQ0WMc="></latexit><latexit sha1_base64="cdF5LTPdr9ChRvur5zMt3iQ0WMc="></latexit><latexit sha1_base64="cdF5LTPdr9ChRvur5zMt3iQ0WMc="></latexit>

x�
4,4

<latexit sha1_base64="awgavI5+ChYAVL0BOCo4qMP7Po0="></latexit><latexit sha1_base64="awgavI5+ChYAVL0BOCo4qMP7Po0="></latexit><latexit sha1_base64="awgavI5+ChYAVL0BOCo4qMP7Po0="></latexit><latexit sha1_base64="awgavI5+ChYAVL0BOCo4qMP7Po0="></latexit>

x�
5,4

<latexit sha1_base64="oufg4jA3rHpz9ftyv7TLcWE8MQk="></latexit><latexit sha1_base64="oufg4jA3rHpz9ftyv7TLcWE8MQk="></latexit><latexit sha1_base64="oufg4jA3rHpz9ftyv7TLcWE8MQk="></latexit><latexit sha1_base64="oufg4jA3rHpz9ftyv7TLcWE8MQk="></latexit>

x�
6,4

<latexit sha1_base64="p5/UjzoB1OxU763n92opx7wUEcc="></latexit><latexit sha1_base64="p5/UjzoB1OxU763n92opx7wUEcc="></latexit><latexit sha1_base64="p5/UjzoB1OxU763n92opx7wUEcc="></latexit><latexit sha1_base64="p5/UjzoB1OxU763n92opx7wUEcc="></latexit>

Train t1 Test t1

x�
5,3

<latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit><latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit><latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit><latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit>

(the filtering model)

x�
6,2

<latexit sha1_base64="Zxz6RVCJ1aRJ3M7S1ihdKzmc3SU="></latexit><latexit sha1_base64="Zxz6RVCJ1aRJ3M7S1ihdKzmc3SU="></latexit><latexit sha1_base64="Zxz6RVCJ1aRJ3M7S1ihdKzmc3SU="></latexit><latexit sha1_base64="Zxz6RVCJ1aRJ3M7S1ihdKzmc3SU="></latexit>

...
<latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit>

...
<latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit>

...
<latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit>

...
<latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit>

...
<latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit>

...
<latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit><latexit sha1_base64="1yEVdQ1oQK8nbMjYFc1pbHOTfFs="></latexit>

. . .
<latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit>

. . .
<latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit>

. . .
<latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit>

. . .
<latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit>

. . .
<latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit><latexit sha1_base64="ZW1eNEkDMqxzfmrJRaQsHnOMuQ8="></latexit>

f✓
<latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="pxVC7hWtWmMr4z7jd0SdkfLmH5Y="></latexit><latexit sha1_base64="pxVC7hWtWmMr4z7jd0SdkfLmH5Y="></latexit><latexit sha1_base64="co5Q9nbgxRMDNdS6owZAtsISJXU="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit>



Correct 
Answer x+

1
<latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="Kuty2O/rzxvCIxhnj6NZo2r7fbQ="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="Kuty2O/rzxvCIxhnj6NZo2r7fbQ="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="QXOMTKzlIfOoXIU4uWwz0TS9QJU="></latexit><latexit sha1_base64="Kuty2O/rzxvCIxhnj6NZo2r7fbQ="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit><latexit sha1_base64="xRNepeyjtoCNcy6uEzIRBZKQTMs="></latexit>

x+
2

<latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="O4Ae6o2uZz7SorsTFXfAZRh1Coo="></latexit><latexit sha1_base64="O4Ae6o2uZz7SorsTFXfAZRh1Coo="></latexit><latexit sha1_base64="i80YdwFU7Q+gwLXkqasifM5Abtc="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit><latexit sha1_base64="Jpx3B9e39jptJvz8LRnMrt8Vy0w="></latexit>

x+
3

<latexit sha1_base64="yQvUiTeDvaSaMyD+tUzwdkkskKs="></latexit><latexit sha1_base64="yQvUiTeDvaSaMyD+tUzwdkkskKs="></latexit><latexit sha1_base64="yQvUiTeDvaSaMyD+tUzwdkkskKs="></latexit><latexit sha1_base64="yQvUiTeDvaSaMyD+tUzwdkkskKs="></latexit>

x+
4

<latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="LwrqVaMr+e5Rtg2pxxr2sZT1gL0="></latexit><latexit sha1_base64="LwrqVaMr+e5Rtg2pxxr2sZT1gL0="></latexit><latexit sha1_base64="aF27+rUwJVagONefpNK04x0iPvg="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit><latexit sha1_base64="A9vhHQSY9Tbqmo1eRRRgUQxpGV0="></latexit>

x+
5

<latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="2eS1WNTVhLpLxgt8IiEdI+of3f8="></latexit><latexit sha1_base64="2eS1WNTVhLpLxgt8IiEdI+of3f8="></latexit><latexit sha1_base64="XJuUzThdmjltGyaUclHb8hodQGI="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit><latexit sha1_base64="H1OeSOJ/gGEKwycU1p4bZ32A69E="></latexit>

x+
6

<latexit sha1_base64="lHOpKtkuHTOsAkPm3pMqlkv5/UQ="></latexit><latexit sha1_base64="lHOpKtkuHTOsAkPm3pMqlkv5/UQ="></latexit><latexit sha1_base64="lHOpKtkuHTOsAkPm3pMqlkv5/UQ="></latexit><latexit sha1_base64="lHOpKtkuHTOsAkPm3pMqlkv5/UQ="></latexit>

x�
1,1

<latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="li6wedieUd5nSaPR6/vq6SLraIE="></latexit><latexit sha1_base64="li6wedieUd5nSaPR6/vq6SLraIE="></latexit><latexit sha1_base64="iXQvhLHI0NIt2pVvKgQzMFOvHFQ="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit><latexit sha1_base64="bTwNMa0bLq2vdjBpmAHZD+LJBCE="></latexit>

x�
2,1

<latexit sha1_base64="s2VKsJCh/SAm5/IyAhmegPDdL0c="></latexit><latexit sha1_base64="s2VKsJCh/SAm5/IyAhmegPDdL0c="></latexit><latexit sha1_base64="s2VKsJCh/SAm5/IyAhmegPDdL0c="></latexit><latexit sha1_base64="s2VKsJCh/SAm5/IyAhmegPDdL0c="></latexit>

x�
3,1

<latexit sha1_base64="M+x15vtUY/LoOV9/6FLEBIf1Gek="></latexit><latexit sha1_base64="M+x15vtUY/LoOV9/6FLEBIf1Gek="></latexit><latexit sha1_base64="M+x15vtUY/LoOV9/6FLEBIf1Gek="></latexit><latexit sha1_base64="M+x15vtUY/LoOV9/6FLEBIf1Gek="></latexit>

x�
4,1

<latexit sha1_base64="LufqbajnekUeSi42FBNQIixGA1Y="></latexit><latexit sha1_base64="LufqbajnekUeSi42FBNQIixGA1Y="></latexit><latexit sha1_base64="LufqbajnekUeSi42FBNQIixGA1Y="></latexit><latexit sha1_base64="LufqbajnekUeSi42FBNQIixGA1Y="></latexit>

x�
5,1

<latexit sha1_base64="fQyOtyX8bPO2U48qRCSbWy/eFeQ="></latexit><latexit sha1_base64="fQyOtyX8bPO2U48qRCSbWy/eFeQ="></latexit><latexit sha1_base64="fQyOtyX8bPO2U48qRCSbWy/eFeQ="></latexit><latexit sha1_base64="fQyOtyX8bPO2U48qRCSbWy/eFeQ="></latexit>

x�
6,1

<latexit sha1_base64="OfUBGQ+y9J3zs0yskrN28AfcUxM="></latexit><latexit sha1_base64="OfUBGQ+y9J3zs0yskrN28AfcUxM="></latexit><latexit sha1_base64="OfUBGQ+y9J3zs0yskrN28AfcUxM="></latexit><latexit sha1_base64="OfUBGQ+y9J3zs0yskrN28AfcUxM="></latexit>

x�
1,2

<latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit><latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit><latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit><latexit sha1_base64="LQCZP3dc4UGMn0Aokmc4MuXh6ys="></latexit>

x�
2,2

<latexit sha1_base64="vWGdwYNt8WkEpeM8OkXwcH6tybA="></latexit><latexit sha1_base64="vWGdwYNt8WkEpeM8OkXwcH6tybA="></latexit><latexit sha1_base64="vWGdwYNt8WkEpeM8OkXwcH6tybA="></latexit><latexit sha1_base64="vWGdwYNt8WkEpeM8OkXwcH6tybA="></latexit>

x�
3,2

<latexit sha1_base64="DGXJJSFrKessbInI6Z5UWrNzhZA="></latexit><latexit sha1_base64="DGXJJSFrKessbInI6Z5UWrNzhZA="></latexit><latexit sha1_base64="DGXJJSFrKessbInI6Z5UWrNzhZA="></latexit><latexit sha1_base64="DGXJJSFrKessbInI6Z5UWrNzhZA="></latexit>

x�
4,2

<latexit sha1_base64="NEBlut+G+RILYmuBg7kmbaUjNFo="></latexit><latexit sha1_base64="NEBlut+G+RILYmuBg7kmbaUjNFo="></latexit><latexit sha1_base64="NEBlut+G+RILYmuBg7kmbaUjNFo="></latexit><latexit sha1_base64="NEBlut+G+RILYmuBg7kmbaUjNFo="></latexit>

x�
5,2

<latexit sha1_base64="kLgXbzWsgKUw9JWFAUCLU06Zkm8="></latexit><latexit sha1_base64="kLgXbzWsgKUw9JWFAUCLU06Zkm8="></latexit><latexit sha1_base64="kLgXbzWsgKUw9JWFAUCLU06Zkm8="></latexit><latexit sha1_base64="kLgXbzWsgKUw9JWFAUCLU06Zkm8="></latexit>

x�
6,2

<latexit sha1_base64="u7N/DPhD3pTBH9+KPqdxUFwgM3w="></latexit><latexit sha1_base64="u7N/DPhD3pTBH9+KPqdxUFwgM3w="></latexit><latexit sha1_base64="u7N/DPhD3pTBH9+KPqdxUFwgM3w="></latexit><latexit sha1_base64="u7N/DPhD3pTBH9+KPqdxUFwgM3w="></latexit>

x�
1,3

<latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit><latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit><latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit><latexit sha1_base64="8rCOrpdAtP4CeadsszawjbbzYYM="></latexit>

x�
2,3

<latexit sha1_base64="okk6YKa7EBXKuA8q9ps6SdxlQ0E="></latexit><latexit sha1_base64="okk6YKa7EBXKuA8q9ps6SdxlQ0E="></latexit><latexit sha1_base64="okk6YKa7EBXKuA8q9ps6SdxlQ0E="></latexit><latexit sha1_base64="okk6YKa7EBXKuA8q9ps6SdxlQ0E="></latexit>

x�
3,3

<latexit sha1_base64="+c3rnYVDk356J/58LbgcLA+dg0c="></latexit><latexit sha1_base64="+c3rnYVDk356J/58LbgcLA+dg0c="></latexit><latexit sha1_base64="+c3rnYVDk356J/58LbgcLA+dg0c="></latexit><latexit sha1_base64="+c3rnYVDk356J/58LbgcLA+dg0c="></latexit>

x�
4,3

<latexit sha1_base64="f8YzNYBvs53qcg80kpz5hnX8AFI="></latexit><latexit sha1_base64="f8YzNYBvs53qcg80kpz5hnX8AFI="></latexit><latexit sha1_base64="f8YzNYBvs53qcg80kpz5hnX8AFI="></latexit><latexit sha1_base64="f8YzNYBvs53qcg80kpz5hnX8AFI="></latexit>

x�
5,3

<latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit><latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit><latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit><latexit sha1_base64="i6fTbZPi3gNnhHK1Mfxc/8R1z/o="></latexit>

x�
6,3

<latexit sha1_base64="8LoEi68uGerOK0NzFxYeDHTKK+4="></latexit><latexit sha1_base64="8LoEi68uGerOK0NzFxYeDHTKK+4="></latexit><latexit sha1_base64="8LoEi68uGerOK0NzFxYeDHTKK+4="></latexit><latexit sha1_base64="8LoEi68uGerOK0NzFxYeDHTKK+4="></latexit>

x�
1,4

<latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit><latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit><latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit><latexit sha1_base64="9ssK2GL5XgNiWZWiPWX3i10CZ30="></latexit>

x�
2,4

<latexit sha1_base64="WN4m0axEo7f5ZOzsZ/Magn+oxes="></latexit><latexit sha1_base64="WN4m0axEo7f5ZOzsZ/Magn+oxes="></latexit><latexit sha1_base64="WN4m0axEo7f5ZOzsZ/Magn+oxes="></latexit><latexit sha1_base64="WN4m0axEo7f5ZOzsZ/Magn+oxes="></latexit>

x�
3,4

<latexit sha1_base64="cdF5LTPdr9ChRvur5zMt3iQ0WMc="></latexit><latexit sha1_base64="cdF5LTPdr9ChRvur5zMt3iQ0WMc="></latexit><latexit sha1_base64="cdF5LTPdr9ChRvur5zMt3iQ0WMc="></latexit><latexit sha1_base64="cdF5LTPdr9ChRvur5zMt3iQ0WMc="></latexit>

x�
4,4

<latexit sha1_base64="awgavI5+ChYAVL0BOCo4qMP7Po0="></latexit><latexit sha1_base64="awgavI5+ChYAVL0BOCo4qMP7Po0="></latexit><latexit sha1_base64="awgavI5+ChYAVL0BOCo4qMP7Po0="></latexit><latexit sha1_base64="awgavI5+ChYAVL0BOCo4qMP7Po0="></latexit>

x�
5,4

<latexit sha1_base64="oufg4jA3rHpz9ftyv7TLcWE8MQk="></latexit><latexit sha1_base64="oufg4jA3rHpz9ftyv7TLcWE8MQk="></latexit><latexit sha1_base64="oufg4jA3rHpz9ftyv7TLcWE8MQk="></latexit><latexit sha1_base64="oufg4jA3rHpz9ftyv7TLcWE8MQk="></latexit>

x�
6,4

<latexit sha1_base64="p5/UjzoB1OxU763n92opx7wUEcc="></latexit><latexit sha1_base64="p5/UjzoB1OxU763n92opx7wUEcc="></latexit><latexit sha1_base64="p5/UjzoB1OxU763n92opx7wUEcc="></latexit><latexit sha1_base64="p5/UjzoB1OxU763n92opx7wUEcc="></latexit>

Potential 
Incorrect 
Answers

Train t2Test t2

New x�
6,2

<latexit sha1_base64="pZ6ZmgTGHk8vuFUkCU0w1GMe6g0="></latexit><latexit sha1_base64="pZ6ZmgTGHk8vuFUkCU0w1GMe6g0="></latexit><latexit sha1_base64="pZ6ZmgTGHk8vuFUkCU0w1GMe6g0="></latexit><latexit sha1_base64="pZ6ZmgTGHk8vuFUkCU0w1GMe6g0="></latexit>

New x�
5,3

<latexit sha1_base64="917TWuYulkbPrWhqwl8yJ+Vncrc="></latexit><latexit sha1_base64="917TWuYulkbPrWhqwl8yJ+Vncrc="></latexit><latexit sha1_base64="917TWuYulkbPrWhqwl8yJ+Vncrc="></latexit><latexit sha1_base64="917TWuYulkbPrWhqwl8yJ+Vncrc="></latexit>

(a newly trained filtering model)

f✓
<latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="pjHc4NEhKKT/a3C8dPGy6w6kNYU="></latexit><latexit sha1_base64="pxVC7hWtWmMr4z7jd0SdkfLmH5Y="></latexit><latexit sha1_base64="pxVC7hWtWmMr4z7jd0SdkfLmH5Y="></latexit><latexit sha1_base64="co5Q9nbgxRMDNdS6owZAtsISJXU="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit><latexit sha1_base64="jV+ROKAKmFkd5ptJwn9SYqbs0gY="></latexit>

• We repeat this until convergence!

• The resulting AF’ed data holds identical distribution across training & test

• Human performance remains high on the AF’ed data, while AI performance 

drops considerably



An Adversarial Evaluation Framework of 

Composers—Critics



Pre GPT and BERT era (swag, 2018)

LSTM LSTM



Post GPT and BERT era (hellaswag 2019)

LSTM LSTMGPT BERT



Post GPT and BERT era (2020?)

LSTM LSTMGPT BERTGPT3 T5



Benchmarks must 
evolve!

data

How do we check if a model only solved a “dataset” 

without solving an underlying task? Try adversarial evaluation!



WinoGrande


Adversarial Winograd Schema Challenge at Scale


Outstanding Paper (Best Paper) Award at AAAI’20

data

Af-Lite



Adversarial Filters of Dataset Biases
ICML 2020

Ronan LeBras
Chandra 

Bhagavatula
Rowan Zellers Matt 


Peters 

Ashish 
Sabharwal 

Yejin 

ChoiSwabha Swayamdipta

data

Af-Lite

data

Optimum



data

Original 
Flavor!

Af-Lite 

Flavor!

• SWAG (Zellers et al., 2018)


• HellaSWAG (Zellers et al.,2019)
• Adversarial Filters of Dataset Biases 

(Le Bras et al., ICML 2020)

data

Original Af-Lite

data

Optimum

Af-Optimum 
Flavor!

• Winogrande (Sakaguchi et al., AAAI 2020)



Models Trained on AF’ed Data —Better on Out-of-Distribution
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Models Trained on AF’ed Data —Better on Out-of-Distribution
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Current Paradigm of QA datasets
1. Neural networks immediately latch on spurious 

correlations & unwanted dataset biases


• Multiple-choice QA datasets might require 
algorithmic debiasing to avoid overestimation of 
true AI capabilities


2. Can you imagine learning only by solving a lot of 
exam problems? — it’s hard even for humans!


• Need to evaluate machines generatively


• Need to teach machines concepts more directly

No cowCow Cow

(Beery et al., 2018) 



Imagine taking a deep learning class in which…
Self-supervision on a lot of DL code Supervision on a lot of exam problems

NNs latch on spurious correlations & 
unwanted dataset biases

Can’t learn concepts well enough; need to learn from declarative knowledge 



Tldr; 🔥 Language and Symbols 🔥 

🔥 Reasoning as Generation🔥

1. Language as the symbols


• all of it — 


• not just words (ImageNet labels, …) 


• not just small sets of words (scene graphs, …)


2. Reasoning as generative tasks


• As opposed to discriminative tasks (i.e., categorization)


• Because the space of reasoning in language is infinite

“thinking out loud”


We often think as we speak, 

on the fly, word-by-word


without enumerating all possible 

alternative sentences

“Categories (concepts) 
vastly outnumber words, 

and require free-form 
open text descriptions”



Commonsense AI: Closing Remarks & 

Open Research Questions



Commonsense

•Searching “commonsense” from ACL anthology

• Most papers are either from 80s or from the past few years



Revisiting Commonsense
I was told not to speak the word commonsense...


Past failures (in 70s – 80s) are inconclusive


	 -- weak computing power


	 -- not much data


	 -- no crowdsourcing

	 -- not as strong computational models


	 -- not ideal conceptualization / representations



Path to commonsense?

Brute force larger networks with deeper layers? 

You don’t reach to the moon 

by making the tallest building in the world 

taller 



Thoughts on Language & Embodiment
• My dog (my cat, my baby…) has common 

sense without language. Therefore, AI doesn’t 
need language for common sense


• AI for (ultimately) humans, not for (just) dogs


• Some concepts (e.g., that juicy crunch feel you 
get when biting into an apple) can’t be learned 
without embodiment. Thus, can’t learn 
concepts without embodied experiences


• We learn that a tiger can eat a human 
without experiencing it in real life



Thoughts on Language & Embodiment
• We might never have a robot that can bite into an apple.


• Nor might we ever have a simulation environment in which AI 
can experience what it is like for humans to bite on an apple.

• Trade-offs between the coverage of concepts and the richness 
of multimodal / embodied experiences


• 3D environments, real or simulation, allow for richer 
experiences with a narrow slice of concepts


• Language, images, videos allow for a significantly broader 
range of concepts with impoverished embodied experiences


• Language provides a powerful representation medium to learn 
humans’s embodied experiences as declarative knowledge



In this talk: Reasoning as Generation

Reasoning thru 

Neural Backpropagation


DeLorean

Reasoning thru 

Search with Logical Constraints


NeuroLogic

Neural & Symbolic 

Commonsense Knowledge


COMET & ATOMIC 2020


Social, Ethical, Moral Norms


Social Chemistry 101


• Part 1: unsupervised inference-time algorithms

• Part 2: supervision with declarative knowledge for knowledge modeling

Visually Grounded 
Commonsense Knowledge


Visual COMET


Reasoning thru 

Distributional Neural Imagination


Reflective Decoding

• Part 3: benchmarks and algorithmic bias reduction

data



 Remarks on Language & Reason

Human reason is 

a mechanism of intuitive inferences 


… in which 

logic plays at best a marginal role.


Reasons are used primarily 

not to guide oneself 

but to justify oneself 

in the eyes of others, 


and to convince others


Reasoning serves the purpose of 
communication

Intuitive inferences is a great deal about extraction of 

new information from the information already available.



ACL 2020 Commonsense Tutorial 
— 2nd most popular (among 8 tutorials) —

https://homes.cs.washington.edu/~msap/acl2020-commonsense/

Vered 

Shwartz

Maarten

Sap

Antoine

Bosselut

Yejin

Choi

Dan Roth

1288 registrations for our tutorial 

2819 view counts on our recorded lectures

(Total registration of the main conference = 4972) 

https://homes.cs.washington.edu/~msap/acl2020-commonsense/


Thanks! Questions?


