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Language	Grounding
“Bob	is	wearing	a	hat” ∃	x	.	hat(x)	∧	wears(bob,	x)



Language	Grounding
“Bob	is	wearing	a	hat” ∃	x	.	hat(x)	∧	wears(bob,	x)

x

bob



Representation	Learning
Representing	language

mustache? glasses? hat?

R1 yes no no

R2 no yes no

R3 no no yes

“Bob	is	wearing	a	hat”

∃	x	.	hat(x)	∧	wears(bob,	x)

<latexit sha1_base64="CmXwdxrt/GooV4PwrX72rg8mneM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrE+Lz+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqlepdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE/MpAO</latexit>

�l(x) Representing	the	world
<latexit sha1_base64="CDnExeF8h//14fKcuCLLuDCwjHQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLklXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrH+U5md94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqlepdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE5NJAK</latexit>

�w(i)



Grounding

mustache? glasses? hat?

R1 yes no no

R2 no yes no

R3 no no yes

“Bob	is	wearing	a	hat”

∃	x	.	hat(x)	∧	wears(bob,	x)

Representing	language
<latexit sha1_base64="CmXwdxrt/GooV4PwrX72rg8mneM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrE+Lz+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqlepdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE/MpAO</latexit>

�l(x) Representing	the	world
<latexit sha1_base64="CDnExeF8h//14fKcuCLLuDCwjHQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLklXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrH+U5md94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqlepdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE5NJAK</latexit>

�w(i)



Vision-Language	Tasks

• Image-text	entailment

The	le3	image	contains	twice	the	number	of	dogs	as	the	
right	image,	and	at	least	two	dogs	in	total	are	standing.	

[NLVR2,	Suhr	et	al.	2019]

右图中的⼈在发球，左图中的⼈在接球。	
[MaRVL,	Liu	Fangyu	et	al.	2021]

<latexit sha1_base64="VEZaS+6IwzpKtAx7GVYHnJfR19I=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VoNyWRom7EohuXFewDmlAm09t26OTBzEQtIR/gxl9x40IRt36AO//GaZqFth4YOJxzLnfucUPOpDLNbyO3tLyyupZfL2xsbm3vFHf3WjKIBIUmDXggOi6RwJkPTcUUh04ogHguh7Y7vpr67TsQkgX+rZqE4Hhk6LMBo0RpqVcs2eGI9Xj5oYJtqQgdC+DxRRKfJzh17susolNm1UyBF4mVkRLK0OgVv+x+QCMPfEU5kbJrmaFyYiIUoxySgh1JCPUuMoSupj7xQDpxekyCj7TSx4NA6OcrnKq/J2LiSTnxXJ30iBrJeW8q/ud1IzU4c2Lmh5ECn84WDSKOVYCnzeA+E0AVn2hCqGD6r5iOiCBU6f4KugRr/uRF0jquWifV2k2tVL/M6sijA3SIyshCp6iOrlEDNRFFj+gZvaI348l4Md6Nj1k0Z2Qz++gPjM8fxoia0Q==</latexit>

�l(x)
?
= �w(i)



Vision-Language	Tasks

• Image-text	entailment	
• Question	answering

Is	this	a	vegetarian	pizza?	
[VQA,	Antol	et	al.	2015]

<latexit sha1_base64="136fdA/zCNjbJCjBD+s5nOJkN0I=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARWpAyI0VdFt24rGAv0JaSSdM2NJMZkjPaMnTrxldx40IRt76BO9/GdDoLbf0h8PGfczg5vxcKrsFxvq3Myura+kZ2M7e1vbO7Z+8f1HUQKcpqNBCBanpEM8ElqwEHwZqhYsT3BGt4o+tZvXHPlOaBvINJyDo+GUje55SAsbo2bgMbQ0z0aFpoh0PeFYVx8RQn+FDgxWLXzjslJxFeBjeFPEpV7dpf7V5AI59JoIJo3XKdEDoxUcCpYNNcO9IsJHREBqxlUBKf6U6cXDLFJ8bp4X6gzJOAE/f3REx8rSe+Zzp9AkO9WJuZ/9VaEfQvOzGXYQRM0vmifiQwBHgWC+5xxSiIiQFCFTd/xXRIFKFgwsuZENzFk5ehflZyz0vl23K+cpXGkUVH6BgVkIsuUAXdoCqqIYoe0TN6RW/Wk/VivVsf89aMlc4coj+yPn8AEfKZRw==</latexit>

ask(�l(x),�w(i)) Who	is	this	mail	for?	
[VizWiz,	Gurari	et	al.	

2018]



Vision-Language	Tasks

• Image-text	entailment	
• Question	answering	
• Image	captioning

<latexit sha1_base64="egPR8QAolGqXNZd4Bb7VIDpG7PQ=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyxCC6XMSFGXRTcuK9gLdMqQSdM2NJkZkjPaMvQl3Pgqblwo4lZw59uYXhba+kPg4z/ncHL+IBZcg+N8Wyura+sbm5mt7PbO7t6+fXBY11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrif1xj1TmkfhHYxi1pakF/IupwSM5dtFj6ge9iQZ+kPsARtCqrkc5724z32RHxaKeIoPeV4o+HbOKTlT4WVw55BDc1V9+8vrRDSRLAQqiNYt14mhnRIFnAo2znqJZjGhA9JjLYMhkUy30+lVY3xqnA7uRsq8EPDU/T2REqn1SAamUxLo68XaxPyv1kqge9lOeRgnwEI6W9RNBIYITyLCHa4YBTEyQKji5q+Y9okiFEyQWROCu3jyMtTPSu55qXxbzlWu5nFk0DE6QXnkogtUQTeoimqIokf0jF7Rm/VkvVjv1sesdcWazxyhP7I+fwAMEJ4Y</latexit>

argmax
x

sim(�l(x),�w(i))

Concadia,	Kreiss	et	al.	2023

How	would	you	describe	this	image	to		
someone	who	can’t	see	it?
“Grocery	store	photo	of	several	bunches		
of	bananas.”



Vision-Language	Tasks

• Image-text	entailment	
• Question	answering	
• Image	captioning

<latexit sha1_base64="egPR8QAolGqXNZd4Bb7VIDpG7PQ=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyxCC6XMSFGXRTcuK9gLdMqQSdM2NJkZkjPaMvQl3Pgqblwo4lZw59uYXhba+kPg4z/ncHL+IBZcg+N8Wyura+sbm5mt7PbO7t6+fXBY11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrif1xj1TmkfhHYxi1pakF/IupwSM5dtFj6ge9iQZ+kPsARtCqrkc5724z32RHxaKeIoPeV4o+HbOKTlT4WVw55BDc1V9+8vrRDSRLAQqiNYt14mhnRIFnAo2znqJZjGhA9JjLYMhkUy30+lVY3xqnA7uRsq8EPDU/T2REqn1SAamUxLo68XaxPyv1kqge9lOeRgnwEI6W9RNBIYITyLCHa4YBTEyQKji5q+Y9okiFEyQWROCu3jyMtTPSu55qXxbzlWu5nFk0DE6QXnkogtUQTeoimqIokf0jF7Rm/VkvVjv1sesdcWazxyhP7I+fwAMEJ4Y</latexit>

argmax
x

sim(�l(x),�w(i))

Concadia,	Kreiss	et	al.	2023

What	text	should	accompany	this	photo		
in	a	Wikipedia	article	about	bananas?
“Grocery	store	photo	of	several	bunches		
of	bananas.”



Vision-Language	Tasks

• Image-text	entailment	
• Question	answering	
• Image	captioning

<latexit sha1_base64="egPR8QAolGqXNZd4Bb7VIDpG7PQ=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyxCC6XMSFGXRTcuK9gLdMqQSdM2NJkZkjPaMvQl3Pgqblwo4lZw59uYXhba+kPg4z/ncHL+IBZcg+N8Wyura+sbm5mt7PbO7t6+fXBY11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrif1xj1TmkfhHYxi1pakF/IupwSM5dtFj6ge9iQZ+kPsARtCqrkc5724z32RHxaKeIoPeV4o+HbOKTlT4WVw55BDc1V9+8vrRDSRLAQqiNYt14mhnRIFnAo2znqJZjGhA9JjLYMhkUy30+lVY3xqnA7uRsq8EPDU/T2REqn1SAamUxLo68XaxPyv1kqge9lOeRgnwEI6W9RNBIYITyLCHa4YBTEyQKji5q+Y9okiFEyQWROCu3jyMtTPSu55qXxbzlWu5nFk0DE6QXnkogtUQTeoimqIokf0jF7Rm/VkvVjv1sesdcWazxyhP7I+fwAMEJ4Y</latexit>

argmax
x

sim(�l(x),�w(i))

Concadia,	Kreiss	et	al.	2023

What	text	should	accompany	this	photo		
in	a	Wikipedia	article	about	bananas?
“Grocery	store	photo	of	several	bunches		
of	bananas.”
“Cavendish	bananas	are	the	main	commercial	
banana	cultivars	sold	in	the	world	market.”



Vision-Language	Tasks

• Image-text	entailment	
• Question	answering	
• Image	captioning	
• Referring	expression	resolution

<latexit sha1_base64="aeFZ97OVP8dU4CE6HQnT/chORkU=">AAACH3icbZDNSgMxFIUz/lv/qi7dBIu0BSkzUqpL0Y3LClaFzjBk0rQNJpkhuaMtQ9/Eja/ixoUi4q5vY1pnodUDgY9z7+XmnigR3IDrjp25+YXFpeWV1cLa+sbmVnF759rEqaasRWMR69uIGCa4Yi3gINhtohmRkWA30d35pH5zz7ThsbqCYcICSXqKdzklYK2w2PCJ7mFfkkGY8TL2ucJ8hH1gA8gMl6OKn/R5KCqD6iGe4kOFl6vVsFhya+5U+C94OZRQrmZY/PQ7MU0lU0AFMabtuQkEGdHAqWCjgp8alhB6R3qsbVERyUyQTe8b4QPrdHA31vYpwFP350RGpDFDGdlOSaBvZmsT879aO4XuSZBxlaTAFP1e1E0FhhhPwsIdrhkFMbRAqOb2r5j2iSYUbKQFG4I3e/JfuD6qeY1a/bJeOj3L41hBe2gfVZCHjtEpukBN1EIUPaJn9IrenCfnxXl3Pr5b55x8Zhf9kjP+As5IoY8=</latexit>

argmax
i02i

sim(�l(x),�w(i
0))

“The	guy	with	the	hat”



Vision-Language	Tasks

• Image-text	entailment	
• Question	answering	
• Image	captioning	
• Referring	expression	resolution

<latexit sha1_base64="aeFZ97OVP8dU4CE6HQnT/chORkU=">AAACH3icbZDNSgMxFIUz/lv/qi7dBIu0BSkzUqpL0Y3LClaFzjBk0rQNJpkhuaMtQ9/Eja/ixoUi4q5vY1pnodUDgY9z7+XmnigR3IDrjp25+YXFpeWV1cLa+sbmVnF759rEqaasRWMR69uIGCa4Yi3gINhtohmRkWA30d35pH5zz7ThsbqCYcICSXqKdzklYK2w2PCJ7mFfkkGY8TL2ucJ8hH1gA8gMl6OKn/R5KCqD6iGe4kOFl6vVsFhya+5U+C94OZRQrmZY/PQ7MU0lU0AFMabtuQkEGdHAqWCjgp8alhB6R3qsbVERyUyQTe8b4QPrdHA31vYpwFP350RGpDFDGdlOSaBvZmsT879aO4XuSZBxlaTAFP1e1E0FhhhPwsIdrhkFMbRAqOb2r5j2iSYUbKQFG4I3e/JfuD6qeY1a/bJeOj3L41hBe2gfVZCHjtEpukBN1EIUPaJn9IrenCfnxXl3Pr5b55x8Zhf9kjP+As5IoY8=</latexit>

argmax
i02i

sim(�l(x),�w(i
0))

“The	guy	with	the	hat”



Vision-Language	Tasks

• Image-text	entailment	
• Question	answering	
• Image	captioning	
• Referring	expression	resolution

<latexit sha1_base64="aeFZ97OVP8dU4CE6HQnT/chORkU=">AAACH3icbZDNSgMxFIUz/lv/qi7dBIu0BSkzUqpL0Y3LClaFzjBk0rQNJpkhuaMtQ9/Eja/ixoUi4q5vY1pnodUDgY9z7+XmnigR3IDrjp25+YXFpeWV1cLa+sbmVnF759rEqaasRWMR69uIGCa4Yi3gINhtohmRkWA30d35pH5zz7ThsbqCYcICSXqKdzklYK2w2PCJ7mFfkkGY8TL2ucJ8hH1gA8gMl6OKn/R5KCqD6iGe4kOFl6vVsFhya+5U+C94OZRQrmZY/PQ7MU0lU0AFMabtuQkEGdHAqWCjgp8alhB6R3qsbVERyUyQTe8b4QPrdHA31vYpwFP350RGpDFDGdlOSaBvZmsT879aO4XuSZBxlaTAFP1e1E0FhhhPwsIdrhkFMbRAqOb2r5j2iSYUbKQFG4I3e/JfuD6qeY1a/bJeOj3L41hBe2gfVZCHjtEpukBN1EIUPaJn9IrenCfnxXl3Pr5b55x8Zhf9kjP+As5IoY8=</latexit>

argmax
i02i

sim(�l(x),�w(i
0))

“The	guy	with	the	hat”



Vision-Language	Tasks

• Image-text	entailment	
• Question	answering	
• Image	captioning	
• Referring	expression	resolution	
• Image	generation

<latexit sha1_base64="TJmeXx4X+xHoxej0IuhOPZew6VE=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyxCC6XMSFGXRTcuK9gLdMqQSdM2NJkZkjPaMvQl3Pgqblwo4lZw59uYXhba+kPg4z/ncHL+IBZcg+N8Wyura+sbm5mt7PbO7t6+fXBY11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMrif1xj1TmkfhHYxi1pakF/IupwSM5dtFj6ge9iQZ+hx7wIaQai7HeS/uc1/kh4UinuJDnhcKvp1zSs5UeBncOeTQXFXf/vI6EU0kC4EKonXLdWJop0QBp4KNs16iWUzogPRYy2BIJNPtdHrVGJ8ap4O7kTIvBDx1f0+kRGo9koHplAT6erE2Mf+rtRLoXrZTHsYJsJDOFnUTgSHCk4hwhytGQYwMEKq4+SumfaIIBRNk1oTgLp68DPWzknteKt+Wc5WreRwZdIxOUB656AJV0A2qohqi6BE9o1f0Zj1ZL9a79TFrXbHmM0foj6zPH/NWngk=</latexit>

argmax
i

sim(�l(x),�w(i))
An	illustrated	scene	in	a	classroom	seFng	focused	on	Natural	Language	Processing	(NLP).	
The	classroom	is	modern	with	a	large	blackboard	at	the	front,	displaying	diagrams	of	
neural	networks	and	examples	of	NLP	tasks	like	text	classificaNon	and	machine	
translaNon.	There	are	students	of	various	descents	siFng	at	desks	with	laptops	open,	
showing	code	and	language	staNsNcs.	A	professor,	a	Middle-Eastern	woman,	stands	at	
the	front	with	a	pointer,	gesturing	towards	the	blackboard.	Some	of	the	students	are	
taking	notes,	while	others	are	discussing	amongst	themselves.	The	room	has	large	
windows	with	sunlight	streaming	in,	and	posters	on	the	wall	about	AI	and	linguisNcs.	



Vision-Language	Tasks

• Image-text	entailment	
• Question	answering	
• Image	captioning	
• Referring	expression	resolution	
• Image	generation

• Conversational	question	
answering	

• Video	question	answering,	
captioning	

• Instruction	following



Methods

• Language	representations	
• Image	representations	
• Joint	embedding	spaces	
• Multimodal	transformers	
• Neurosymbolic	/	code	as	a	bottleneck



Image	Representation:	CNNs

Slides	from	LP	Morency



Image	Representation:	CNNs

Slides	from	LP	Morency



CNNs:	Convolution

http://ufldl.stanford.edu/tutorial/	

1 0 1 
0 1 0 
1 0 1

Filter:

http://ufldl.stanford.edu/tutorial/


CNNs:	Pooling

http://ufldl.stanford.edu/tutorial/	

http://ufldl.stanford.edu/tutorial/


Multilayer	CNNs

http://ufldl.stanford.edu/tutorial/	,	VGGNet	(Simonyan	et	al.	2014)

<latexit sha1_base64="CDnExeF8h//14fKcuCLLuDCwjHQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLklXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrH+U5md94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqlepdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE5NJAK</latexit>

�w(i)

http://ufldl.stanford.edu/tutorial/


CNN	Explainer

https://poloclub.github.io/cnn-explainer/	

https://poloclub.github.io/cnn-explainer/


Vision	Transformer

ViT,	Dosovitskiy	et	al.	2021

<latexit sha1_base64="CDnExeF8h//14fKcuCLLuDCwjHQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLklXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrH+U5md94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqlepdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE5NJAK</latexit>

�w(i)



Image-Text	Matching

• Idea:	learn	a	shared	representational	space	of	images	and	text	
• I.e.,	representation	of	sentence	x	paired	with	image	i	should	be	
similar	to	one	another	

• CLIP	(Contrastive	Language-Image	Pre-Training),	Radford	et	al.	
2021

<latexit sha1_base64="3ItwehrHpKU6l2hA0YgSoq9/LWk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQbkoiRV0W3bisYB/QhDCZTtqhk2SYmWhL6MKNv+LGhSJu/Qh3/o3TNAttPXDhcM693HuPzxmVyrK+jcLa+sbmVnG7tLO7t39gHh51ZJwITNo4ZrHo+UgSRiPSVlQx0uOCoNBnpOuPr+d+954ISePoTk05cUM0jGhAMVJa8syyw0fUY9VJDTqIcxFPYKY8VGnNMytW3coAV4mdkwrI0fLML2cQ4yQkkcIMSdm3La7cFAlFMSOzkpNIwhEeoyHpaxqhkEg3zZ6YwVOtDGAQC12Rgpn6eyJFoZTT0NedIVIjuezNxf+8fqKCSzelEU8UifBiUZAwqGI4TwQOqCBYsakmCAuqb4V4hATCSudW0iHYyy+vks5Z3T6vN24bleZVHkcRlMEJqAIbXIAmuAEt0AYYPIJn8ArejCfjxXg3PhatBSOfOQZ/YHz+AHJJl1Y=</latexit>

�l(x) ⇡ �w(i)



CLIP

Radford	et	al.	2021

# image_encoder - ResNet or Vision Transformer 
# text_encoder - CBOW or Text Transformer 
# I[n, h, w, c] - minibatch of aligned images 
# T[n, l] - minibatch of aligned texts 
# W_i[d_i, d_e] - learned proj of image to embed 
# W_t[d_t, d_e] - learned proj of text to embed 
# t - learned temperature parameter 

# extract feature representations of each modality 
I_f = image_encoder(I) #[n, d_i] 
T_f = text_encoder(T) #[n, d_t] 

# joint multimodal embedding [n, d_e] 
I_e = l2_normalize(np.dot(I_f, W_i), axis=1) 
T_e = l2_normalize(np.dot(T_f, W_t), axis=1) 

# scaled pairwise cosine similarities [n, n] 
logits = np.dot(I_e, T_e.T) * np.exp(t) 

# symmetric loss function 
labels = np.arange(n) 
loss_i = cross_entropy_loss(logits, labels, axis=0) 
loss_t = cross_entropy_loss(logits, labels, axis=1) 
loss = (loss_i + loss_t) / 2



CLIP

Radford	et	al.	2021



CLIP	Applied:	Image-Text	Retrieval

<latexit sha1_base64="Lf5quO5brZ0VmM8Gs/wUbc9kVuk=">AAACIHicbVC7TsMwFHV4lvIqMLJYVEjtUiWooowVLLAViT6kJoocx2mtOk5kO9Aqyqew8CssDCAEG3wNTtsBWo5k6fice3XvPV7MqFSm+WWsrK6tb2wWtorbO7t7+6WDw46MEoFJG0csEj0PScIoJ21FFSO9WBAUeox0vdFV7nfviZA04ndqEhMnRANOA4qR0pJbathIDKAdorGbUmhTnnM1xIilN1kG7XhIXVYZV6GN/UjN/g8VWnVLZbNmTgGXiTUnZTBHyy192n6Ek5BwhRmSsm+ZsXJSJBTFjGRFO5EkRniEBqSvKUchkU46PTCDp1rxYRAJ/biCU/V3R4pCKSehpyvz7eWil4v/ef1EBRdOSnmcKMLxbFCQMKgimKcFfSoIVmyiCcKC6l0hHiKBsNKZFnUI1uLJy6RzVrPOa/Xberl5OY+jAI7BCagACzRAE1yDFmgDDB7BM3gFb8aT8WK8Gx+z0hVj3nME/sD4/gGePaKg</latexit>

argmax
i2I

�l(x) · �w(i)

E.g.,	retrieve	an	image	given	a	piece	of	text:

https://rom1504.github.io/clip-retrieval/	

https://rom1504.github.io/clip-retrieval/


Joint	Encoding:	Multimodal	Transformers
ViLT	(Kim	et	al.	2021),	encoder-only	model	(like	BERT)



Joint	Encoding:	Multimodal	Transformers
Flamingo,	Alayrac	et	al.	2022



Joint	Encoding:	Multimodal	Transformers
Flamingo,	Alayrac	et	al.	2022



Neuromodular	Approaches

Neural	Module	Networks,	Andreas	et	al.	2017

“Is	there	a	red	shape	above	a	circle?”



Neuromodular	Approaches

• Map	x	to	some	
structured	
representation	

• Manipulate	image	
according	to	
components	of	this	
structured	
representation

“Is	there	a	red	shape	above	a	circle?”

Neural	Module	Networks,	Andreas	et	al.	2017

<latexit sha1_base64="CmXwdxrt/GooV4PwrX72rg8mneM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrE+Lz+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqlepdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE/MpAO</latexit>

�l(x)
<latexit sha1_base64="CDnExeF8h//14fKcuCLLuDCwjHQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLklXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrH+U5md94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqlepdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE5NJAK</latexit>

�w(i)



Neuromodular	Approaches

• Text	representation:	executable	
python	code	

• Image	representation:	pixels	(also	
assume	access	to	some	computer	
vision	algorithms)	

• Grounding:	executing	python	code	
on	image	representations



Neuromodular	Approaches

With	sufficiently	powerful	code	
LLMs	(e.g.,	Codex)	and	access	to	an	
API	that	can	operate	on	top	of	
images	(or	other	modalities),	no	
domain-specific	or	multimodal	
training	is	necessary



Neuromodular	Approaches

ViperGPT,	Surís	et	al.	2023
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Neuromodular	Approaches

ViperGPT,	Surís	et	al.	2023



Drawback:	Context-Dependence

Visual	Spatial	Reasoning,	Liu	Fangyu	et	al.	2023

“Is	the	potted	plant	to	the	
right	of	the	bench?”



Drawback:	Context-Dependence

Visual	Spatial	Reasoning,	Liu	Fangyu	et	al.	2023

“Is	the	potted	plant	to	the	
right	of	the	bench?”

bbox_plant = detect(image, “potted plant”) 
bbox_bench = detect(image, “bench”) 
return bbox_plant.x > bbox_bench.x
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