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What is Language Grounding?

‣ Some settings depend on grounding into perceptual or physical environments:

‣ The world only looks like a database some of the time!

‣ Tying language to non-linguistic things (e.g. a database in semantic parsing)

“Add the tomatoes and mix”

“To get to BART, 
cross the street and 
keep going south 
toward the tall 
buildings…”



What things, actions, etc. in the world does language refer to?

Grounded Semantics

“The entrance is to the right of 
the bare tree in the sun”



“The entrance is behind  
the scooters”

How does context shape the interpretation of language?

Pragmatics



Using Language

Our talk exchanges … are cooperative efforts… One of my avowed 
aims is to see talking as purposive, indeed rational, behavior.

[Logic and Conversation. Grice, 1975]

Saying something will often… produce certain consequential effects 
upon the feelings, thoughts, or actions of the audience.

[How to Do Things with Words. Austin, 1962]

Language is an act people take to produce effects on others and the world!



Using Language

Listener Listener

the tree the bare tree  
in the sun

Generation

[e.g. Lewis 1969; Golland et al. 2010;  
Frank and Goodman 2012; Degen et al. 2013]

Speaker



Using Language

Listener Listener

the tree the bare tree  
in the sun

Generation

[e.g. Lewis 1969; Golland et al. 2010;  
Frank and Goodman 2012; Degen et al. 2013]

Speaker

Listener

the scooters Interpretation

Listener
Listener

Listener

Speaker
the scooters

the scooters  
on the right

the scooters 
on the left



Reasoning About Alternatives
Core Idea: 
Large chunks of linguistic understanding can be attributed to reasoning 
about alternatives. E.g., if a speaker says X but not Y, then perhaps Y 
isn’t true, or the speaker doesn’t want to talk about Y.



Reasoning About Alternatives
Core Idea: 
Large chunks of linguistic understanding can be attributed to reasoning 
about alternatives. E.g., if a speaker says X but not Y, then perhaps Y 
isn’t true, or the speaker doesn’t want to talk about Y.

Example:
“I didn’t steal your scooter.”



Reasoning About Alternatives
Core Idea: 
Large chunks of linguistic understanding can be attributed to reasoning 
about alternatives. E.g., if a speaker says X but not Y, then perhaps Y 
isn’t true, or the speaker doesn’t want to talk about Y.

Example:
“I didn’t steal your scooter.”

Conveyed meaning:
Someone stole your scooter, but it wasn’t me.



Reasoning About Alternatives
Core Idea: 
Large chunks of linguistic understanding can be attributed to reasoning 
about alternatives. E.g., if a speaker says X but not Y, then perhaps Y 
isn’t true, or the speaker doesn’t want to talk about Y.

Example:
“I didn’t steal your scooter.”

Conveyed meaning:
Contrary to what you think, I did not steal your scooter.



Reasoning About Alternatives
Core Idea: 
Large chunks of linguistic understanding can be attributed to reasoning 
about alternatives. E.g., if a speaker says X but not Y, then perhaps Y 
isn’t true, or the speaker doesn’t want to talk about Y.

Example:
“I didn’t steal your scooter.”

Conveyed meaning: 
I did something to your scooter, but didn’t steal it. E.g. just borrowed it.



Reasoning About Alternatives
Core Idea: 
Large chunks of linguistic understanding can be attributed to reasoning 
about alternatives. E.g., if a speaker says X but not Y, then perhaps Y 
isn’t true, or the speaker doesn’t want to talk about Y.

Example:
“I didn’t steal your scooter.”

Conveyed meaning:
I stole somebody else’s scooter.



Reasoning About Alternatives
Core Idea: 
Large chunks of linguistic understanding can be attributed to reasoning 
about alternatives. E.g., if a speaker says X but not Y, then perhaps Y 
isn’t true, or the speaker doesn’t want to talk about Y.

Example:
“I didn’t steal your scooter.”

Conveyed meaning:
I stole something you own, but not your scooter.



‣ I am speaking 

‣ We lost 		 	 	 	 	 	 	 	 	 (a team I’m on, OR a team I support)

Language is Contextual

‣ I am here  	 	 	 	 	 	 	 	 	 	 (in Berkeley; in Wurster Hall) 
‣ We are here 	 	 	 	 	 	 	 	 	 (pointing to a map)

‣ I’m in a class now 
‣ I’m in a graduate program now 
‣ I’m not here right now 		 	 	 	 	 	 (voicemail greeting)

‣ Some problems depend on grounding references to context
‣ Indexicals and Deixis: “pointing or indicating”(e.g. pronouns, “this”, “that”, 

“here”, “now”) 



Language is Contextual

‣“Can you pass me the salt” 
	 -> please pass me the salt 
‣“Do you have any kombucha?” // “I have tea” 

-> I don’t have any kombucha 
‣ “I now pronounce you…” (at a wedding) 

-> performative, that changes the state of the world

‣ Some problems depend on grounding into speaker intents or goals:



Language is Contextual

• Scope or type of answers: Where are you from? 
• Athens, Ohio (issue: hometown) 
• The U.S. (issue: nationality) 
• Berkeley (issue: affiliation) 
• Planet Earth (issue: intergalactic meetings)



Language is Contextual



Language is Contextual
‣ Children learn word meanings incredibly fast, from incredibly little data

• Regularity and contrast in the input signal
• Social cues
• Inferring speaker intent  
• Regularities in the physical environment

Tomasello et al. 2005, Frank et al. 2012, Frank and Goodman 2014



The Cooperative Principle

The Cooperative Principle (Grice 1975): 
“Make your contribution such as is required, at the stage at which 
it occurs, by the accepted purpose or direction of the talk 
exchange in which you are engaged.” 

Language is a rational action in a cooperative game.



Gricean Maxims
Grice (1975) claims that many of these phenomena are explained by the 
tensions between the following maxims:

1. Quantity – be as informative as possible, give as much information as 
needed, but no more. (“The cyclist was hit.”)

2. Quality - be truthful, and don’t give information that is false or unsupported 
by evidence. (“how are you doing?” // (sarcastically) “fantastic”)

3. Relation – be relevant, and say things that are pertinent to the discussion. 
(“I’m out of gas” // ”There’s a station round the corner.”)

4. Manner – be clear, brief, and orderly as possible; avoid unnecessary prolixity. 
(“the singer produced a series of sounds corresponding closely to the score of 
an aria from “Rigoletto”.” (from Levinson 1983))



Implicature



Scalar Implicature
Q: Does some mean not all?

A: Not always:
‣ “Some of the students were late for class; in fact, they all were.”
‣ “I’d be much happier if some grocery stores had eggs in stock.”

We call this implicature. The implicature occurs because a rational listener 
might assume that the speaker would have said all if they meant to, since all 
is the more informative choice.



Conversational Implicature
“The cyclist was hit.”
‣ The speaker doesn’t know, or doesn’t want to tell, how the cyclist was hit.

“Did you invite Alice and Bob?” // “I invited Alice.”
‣The speaker didn’t invite Bob.

“I’m out of gas.” // “There’s a station round the corner.”
‣ You can get gas there (e.g. it’s open).

“He overslept and failed the test.”
‣ Those events happened in that order.



Implicatures are cancellable:
	 “Some of the students were late for class; in fact, they all were.”

But presuppositions and entailments aren’t:
	 “I stopped going into the office; in fact, I’ve never been there before.”
	 “I stopped going into the office; in fact, I didn’t stop going in.”

Implicature ≠ Entailment



Conversational Implicature



Conversational Implicature



Conversational Implicature



Conversational Implicature



Conversational Implicature



Conversational Implicature



Conversational Implicature



Conversational Implicature



Conversational Implicature



Conversational Implicature



Conversational Implicature



Reference Games

• Simple form of using language 
• Set of candidate referents R 
• Encoding meaning 

• A speaker has an intent, which is a target referent r  R 

• Speaker maps this intent r and context R to an utterance u 
• Decoding meaning 
• A listener observes R and u 

• Listener resolves the reference u to r’  R 

• Success: r = r’

∈

∈



Reference Games

“Hat”

?

Monroe et al. 2017

?



Reference Games

“Ice skater”

Ji et al. 2022, Haber et al. 2019

? ?



Demo!

PollEv.com/alanesuhr930  

http://PollEv.com/alanesuhr930


Speakers and Listeners

Speaker <latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t



Speakers and Listeners

Speaker

“glasses”

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t
R1 R2 R3

hat 0

glasses 1

mustache 0

<latexit sha1_base64="pRJB8En5ZUlalysNYCP/nO2bpHM=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiDowTAjQT0GvXjwENEskImhp6dimvQsdNeIYZiv8OKvePGgiFfx5t/YWQ5uDwpev1dFVz0vlkKjbX9auZnZufmF/GJhaXllda24vtHQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3A68pu3oLSIwiscxtAJ2E0oeoIzNFK3uB9fuwh3mF7GwAagsu7keS4QFJPZrsv9CKkbCJ/iXrdYssv2GPQvcaakRKaodYsfrh/xJIAQuWRatx07xk7KFAouISu4iYaY8QG7gbahIQtAd9LxWRndMYpPe5EyFSIdq98nUhZoPQw80xkw7Ovf3kj8z2sn2DvupCKME4SQTz7qJZJiREcZUV8o4CiHhjCuhNmV8j5TjJtMdMGE4Pw++S9pHJSdw3LlolKqnkzjyJMtsk12iUOOSJWckRqpE07uySN5Ji/Wg/VkvVpvk9acNZ3ZJD9gvX8BTw2gDg==</latexit>

pSpeakerLiteral (· | t)



Speakers and Listeners

Listener

“glasses”<latexit sha1_base64="cju1P4+7iqCmGRCXQljxwfZta1o=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHKOYBSQizk9lkyOzsMtMrhiV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90c3Ubz5ybUSkHnAc825IB0oEglG00v3TVa9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjspkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdk7L1fuKqXqdRZHHo7gGE7Bgwuowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AawaNTA==</latexit>x =

R1 R2 R3

hat

glasses 0 1 0

mustache

[[“glasses”]]



Speakers and Listeners

Listener

“glasses”

<latexit sha1_base64="TRX/HvyyUmj9P/DHmdyfeFd3cec=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBD0EnYlqMegFw8eFIwRsjHMzvYmg7MPZnolYdm/8OKvePGgiFe9+TdOkhV8FQxUV3XT0+UlUmi07Q9ranpmdm6+tFBeXFpeWa2srV/qOFUcmjyWsbrymAYpImiiQAlXiQIWehJa3s3xyG/dgtIiji5wmEAnZL1IBIIzNFK3UkuuXYQBZqdmF0Sg8u5XjaCYzHdc7sdI3VD4dLDbrVTtmj0G/UucglRJgbNu5d31Y56GECGXTOu2YyfYyZhCwSXkZTfVkDB+w3rQNjRiIehONr4rp9tG8WkQK/MipGP1+0TGQq2HoWc6Q4Z9/dsbif957RSDw04moiQ1N/PJoiCVFGM6Con6QgFHOTSEcSXMXynvM8W4yUSXTQjO75P/ksu9mrNfq5/Xq42jIo4S2SRbZIc45IA0yAk5I03CyR15IE/k2bq3Hq0X63XSOmUVMxvkB6y3T0nAoJc=</latexit>

pListenerLiteral (· | x)

R1 R2 R3

hat

glasses 0 1 0

mustache

<latexit sha1_base64="cju1P4+7iqCmGRCXQljxwfZta1o=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHKOYBSQizk9lkyOzsMtMrhiV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90c3Ubz5ybUSkHnAc825IB0oEglG00v3TVa9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjspkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdk7L1fuKqXqdRZHHo7gGE7Bgwuowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AawaNTA==</latexit>x =



Context-Dependence

Speaker <latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t



Context-Dependence

Speaker <latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t
R1 R2 R3

hat 0

glasses 1

mustache 0

<latexit sha1_base64="pRJB8En5ZUlalysNYCP/nO2bpHM=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiDowTAjQT0GvXjwENEskImhp6dimvQsdNeIYZiv8OKvePGgiFfx5t/YWQ5uDwpev1dFVz0vlkKjbX9auZnZufmF/GJhaXllda24vtHQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3A68pu3oLSIwiscxtAJ2E0oeoIzNFK3uB9fuwh3mF7GwAagsu7keS4QFJPZrsv9CKkbCJ/iXrdYssv2GPQvcaakRKaodYsfrh/xJIAQuWRatx07xk7KFAouISu4iYaY8QG7gbahIQtAd9LxWRndMYpPe5EyFSIdq98nUhZoPQw80xkw7Ovf3kj8z2sn2DvupCKME4SQTz7qJZJiREcZUV8o4CiHhjCuhNmV8j5TjJtMdMGE4Pw++S9pHJSdw3LlolKqnkzjyJMtsk12iUOOSJWckRqpE07uySN5Ji/Wg/VkvVpvk9acNZ3ZJD9gvX8BTw2gDg==</latexit>

pSpeakerLiteral (· | t)

“glasses”



Context-Dependence

Listener

“glasses”<latexit sha1_base64="cju1P4+7iqCmGRCXQljxwfZta1o=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHKOYBSQizk9lkyOzsMtMrhiV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90c3Ubz5ybUSkHnAc825IB0oEglG00v3TVa9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjspkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdk7L1fuKqXqdRZHHo7gGE7Bgwuowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AawaNTA==</latexit>x =

R1 R2 R3

hat

glasses 0 1 1

mustache

[[“glasses”]]



Context-Dependence

Listener

“glasses”

<latexit sha1_base64="TRX/HvyyUmj9P/DHmdyfeFd3cec=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBD0EnYlqMegFw8eFIwRsjHMzvYmg7MPZnolYdm/8OKvePGgiFe9+TdOkhV8FQxUV3XT0+UlUmi07Q9ranpmdm6+tFBeXFpeWa2srV/qOFUcmjyWsbrymAYpImiiQAlXiQIWehJa3s3xyG/dgtIiji5wmEAnZL1IBIIzNFK3UkuuXYQBZqdmF0Sg8u5XjaCYzHdc7sdI3VD4dLDbrVTtmj0G/UucglRJgbNu5d31Y56GECGXTOu2YyfYyZhCwSXkZTfVkDB+w3rQNjRiIehONr4rp9tG8WkQK/MipGP1+0TGQq2HoWc6Q4Z9/dsbif957RSDw04moiQ1N/PJoiCVFGM6Con6QgFHOTSEcSXMXynvM8W4yUSXTQjO75P/ksu9mrNfq5/Xq42jIo4S2SRbZIc45IA0yAk5I03CyR15IE/k2bq3Hq0X63XSOmUVMxvkB6y3T0nAoJc=</latexit>

pListenerLiteral (· | x)

R1 R2 R3

hat

glasses 0 0.50.5

mustache

<latexit sha1_base64="cju1P4+7iqCmGRCXQljxwfZta1o=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHKOYBSQizk9lkyOzsMtMrhiV/4MWDIl79I2/+jZNkD5pY0FBUddPd5cdSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslIt3xquBSK11Gg5K1Ycxr6kjf90c3Ubz5ybUSkHnAc825IB0oEglG00v3TVa9YcsvuDGSZeBkpQYZar/jV6UcsCblCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWKhpy001nl07IiVX6JIi0LYVkpv6eSGlozDj0bWdIcWgWvan4n9dOMLjspkLFCXLF5ouCRBKMyPRt0heaM5RjSyjTwt5K2JBqytCGU7AheIsvL5PGWdk7L1fuKqXqdRZHHo7gGE7Bgwuowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AawaNTA==</latexit>x =

???



Pragmatic Speakers and Listeners

R1                R2               R3



Rational Speech Acts Model

R1                R2               R3



Rational Speech Acts Model

Denotation of utterance

Sum over possible referents

<latexit sha1_base64="dxaPW/TCP4PvmNVA6+Zt6MnCFXY="></latexit>

pListenerLiteral (r | x) = [[x]]rP
r02R[[x]]r0



Rational Speech Acts Model

R1 R2 R3

hat

glasses

mustache

[[“glasses”]]

Denotation of utterance

Sum over possible referents

<latexit sha1_base64="dxaPW/TCP4PvmNVA6+Zt6MnCFXY="></latexit>

pListenerLiteral (r | x) = [[x]]rP
r02R[[x]]r0



Rational Speech Acts Model

R1 R2 R3

hat

glasses 0 1 1

mustache

[[“glasses”]]

Denotation of utterance

Sum over possible referents

<latexit sha1_base64="dxaPW/TCP4PvmNVA6+Zt6MnCFXY="></latexit>

pListenerLiteral (r | x) = [[x]]rP
r02R[[x]]r0



Rational Speech Acts Model
<latexit sha1_base64="TRX/HvyyUmj9P/DHmdyfeFd3cec=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBD0EnYlqMegFw8eFIwRsjHMzvYmg7MPZnolYdm/8OKvePGgiFe9+TdOkhV8FQxUV3XT0+UlUmi07Q9ranpmdm6+tFBeXFpeWa2srV/qOFUcmjyWsbrymAYpImiiQAlXiQIWehJa3s3xyG/dgtIiji5wmEAnZL1IBIIzNFK3UkuuXYQBZqdmF0Sg8u5XjaCYzHdc7sdI3VD4dLDbrVTtmj0G/UucglRJgbNu5d31Y56GECGXTOu2YyfYyZhCwSXkZTfVkDB+w3rQNjRiIehONr4rp9tG8WkQK/MipGP1+0TGQq2HoWc6Q4Z9/dsbif957RSDw04moiQ1N/PJoiCVFGM6Con6QgFHOTSEcSXMXynvM8W4yUSXTQjO75P/ksu9mrNfq5/Xq42jIo4S2SRbZIc45IA0yAk5I03CyR15IE/k2bq3Hq0X63XSOmUVMxvkB6y3T0nAoJc=</latexit>

pListenerLiteral (· | x)

R1 R2 R3

hat

glasses 0 1/2 1/2

mustache

Denotation of utterance

Sum over possible referents

<latexit sha1_base64="dxaPW/TCP4PvmNVA6+Zt6MnCFXY="></latexit>

pListenerLiteral (r | x) = [[x]]rP
r02R[[x]]r0



Rational Speech Acts Model
<latexit sha1_base64="TRX/HvyyUmj9P/DHmdyfeFd3cec=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBD0EnYlqMegFw8eFIwRsjHMzvYmg7MPZnolYdm/8OKvePGgiFe9+TdOkhV8FQxUV3XT0+UlUmi07Q9ranpmdm6+tFBeXFpeWa2srV/qOFUcmjyWsbrymAYpImiiQAlXiQIWehJa3s3xyG/dgtIiji5wmEAnZL1IBIIzNFK3UkuuXYQBZqdmF0Sg8u5XjaCYzHdc7sdI3VD4dLDbrVTtmj0G/UucglRJgbNu5d31Y56GECGXTOu2YyfYyZhCwSXkZTfVkDB+w3rQNjRiIehONr4rp9tG8WkQK/MipGP1+0TGQq2HoWc6Q4Z9/dsbif957RSDw04moiQ1N/PJoiCVFGM6Con6QgFHOTSEcSXMXynvM8W4yUSXTQjO75P/ksu9mrNfq5/Xq42jIo4S2SRbZIc45IA0yAk5I03CyR15IE/k2bq3Hq0X63XSOmUVMxvkB6y3T0nAoJc=</latexit>

pListenerLiteral (· | x)

R1 R2 R3

hat 0 0 1

glasses 0 1/2 1/2

mustache 0 0 0

<latexit sha1_base64="dxaPW/TCP4PvmNVA6+Zt6MnCFXY="></latexit>

pListenerLiteral (r | x) = [[x]]rP
r02R[[x]]r0



Rational Speech Acts Model
<latexit sha1_base64="TRX/HvyyUmj9P/DHmdyfeFd3cec=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBD0EnYlqMegFw8eFIwRsjHMzvYmg7MPZnolYdm/8OKvePGgiFe9+TdOkhV8FQxUV3XT0+UlUmi07Q9ranpmdm6+tFBeXFpeWa2srV/qOFUcmjyWsbrymAYpImiiQAlXiQIWehJa3s3xyG/dgtIiji5wmEAnZL1IBIIzNFK3UkuuXYQBZqdmF0Sg8u5XjaCYzHdc7sdI3VD4dLDbrVTtmj0G/UucglRJgbNu5d31Y56GECGXTOu2YyfYyZhCwSXkZTfVkDB+w3rQNjRiIehONr4rp9tG8WkQK/MipGP1+0TGQq2HoWc6Q4Z9/dsbif957RSDw04moiQ1N/PJoiCVFGM6Con6QgFHOTSEcSXMXynvM8W4yUSXTQjO75P/ksu9mrNfq5/Xq42jIo4S2SRbZIc45IA0yAk5I03CyR15IE/k2bq3Hq0X63XSOmUVMxvkB6y3T0nAoJc=</latexit>

pListenerLiteral (· | x)

R1 R2 R3

hat 0 0 1

glasses 0 1/2 1/2

mustache 0 0 0

Sum over all possible 
utterances

<latexit sha1_base64="3P15KjidPy1BvYrwMvrkx5bY1ls="></latexit>

pSpeakerPragmatic(x | r) = pListenerLiteral (r | x)P
x02X pListenerLiteral (r | x0)



Rational Speech Acts Model
<latexit sha1_base64="eT96qfiyMDXZH0su/P2U6cBwjgc=">AAACGXicbVC7TsMwFHXKq5RXgZHFokIqS5WgChgrWBiLoA+pKZHj3LRWHSeyHUQV9TdY+BUWBhBihIm/wX0M0HIkS8fn3Gvfe/yEM6Vt+9vKLS2vrK7l1wsbm1vbO8XdvaaKU0mhQWMey7ZPFHAmoKGZ5tBOJJDI59DyB5djv3UPUrFY3OphAt2I9AQLGSXaSF7RTu5cDQ86u0mADECOvOm1LkkvMjV0hMsuDWKN3YgFWB57xZJdsSfAi8SZkRKaoe4VP90gpmkEQlNOlOo4dqK7GZHmcQ6jgpsqSAgdkB50DBUkAtXNJpuN8JFRAhzG0hyh8UT93ZGRSKlh5JtKM21fzXtj8T+vk+rwvJsxkaQaBJ1+FKYc6xiPY8IBk0A1HxpCqGRmVkz7RBKqTZgFE4Izv/IiaZ5UnNNK9bpaql3M4sijA3SIyshBZ6iGrlAdNRBFj+gZvaI368l6sd6tj2lpzpr17KM/sL5+AFUboRU=</latexit>

pSpeakerPragmatic(· | r)
R1 R2 R3

hat 0 0 2/3

glasses 0 1 1/3

mustache 0 0 0

Sum over all possible 
utterances

<latexit sha1_base64="3P15KjidPy1BvYrwMvrkx5bY1ls="></latexit>

pSpeakerPragmatic(x | r) = pListenerLiteral (r | x)P
x02X pListenerLiteral (r | x0)



Rational Speech Acts Model
<latexit sha1_base64="eT96qfiyMDXZH0su/P2U6cBwjgc=">AAACGXicbVC7TsMwFHXKq5RXgZHFokIqS5WgChgrWBiLoA+pKZHj3LRWHSeyHUQV9TdY+BUWBhBihIm/wX0M0HIkS8fn3Gvfe/yEM6Vt+9vKLS2vrK7l1wsbm1vbO8XdvaaKU0mhQWMey7ZPFHAmoKGZ5tBOJJDI59DyB5djv3UPUrFY3OphAt2I9AQLGSXaSF7RTu5cDQ86u0mADECOvOm1LkkvMjV0hMsuDWKN3YgFWB57xZJdsSfAi8SZkRKaoe4VP90gpmkEQlNOlOo4dqK7GZHmcQ6jgpsqSAgdkB50DBUkAtXNJpuN8JFRAhzG0hyh8UT93ZGRSKlh5JtKM21fzXtj8T+vk+rwvJsxkaQaBJ1+FKYc6xiPY8IBk0A1HxpCqGRmVkz7RBKqTZgFE4Izv/IiaZ5UnNNK9bpaql3M4sijA3SIyshBZ6iGrlAdNRBFj+gZvaI368l6sd6tj2lpzpr17KM/sL5+AFUboRU=</latexit>

pSpeakerPragmatic(· | r)
R1 R2 R3

hat 0 0 2/3

glasses 0 1 1/3

mustache 0 0 0

Sum over all possible 
referents

<latexit sha1_base64="RQR/yoPGix+vus3IhxH1ZJnP0rQ="></latexit>

pListenerPragmatic(r | x) =
pSpeakerPragmatic(x | r)

P
r02R pSpeakerPragmatic(x | r0)

R1           R2           R3



Rational Speech Acts Model

R1 R2 R3

hat 0 0 1

glasses 0 3/4 1/4

mustache 0 0 0

Sum over all possible 
referents

R1           R2           R3

<latexit sha1_base64="RQR/yoPGix+vus3IhxH1ZJnP0rQ="></latexit>

pListenerPragmatic(r | x) =
pSpeakerPragmatic(x | r)

P
r02R pSpeakerPragmatic(x | r0)

<latexit sha1_base64="p/H6tTmlUy6gdiGZEf7nmfz6Dlc=">AAACGnicbVC7TsMwFHV4lvIKMLJYVEhlqRJUAWMFCwNDkehDakrlOLetVceJbAe1ivodLPwKCwMIsSEW/ga3zQAtR7J0fO77+DFnSjvOt7W0vLK6tp7byG9ube/s2nv7dRUlkkKNRjySTZ8o4ExATTPNoRlLIKHPoeEPribxxgNIxSJxp0cxtEPSE6zLKNFG6thufO9pGOr0xswCAXLcmf2rkvRCk0THRY8GkcZeyAI8PMEdu+CUnCnwInEzUkAZqh370wsimoQgNOVEqZbrxLqdEmmacxjnvURBTOiA9KBlqCAhqHY6PW2Mj40S4G4kzRMaT9XfFSkJlRqFvsk02/bVfGwi/hdrJbp70U6ZiBNzNp0N6iYc6whPfMIBk0A1HxlCqGRmV0z7RBKqjZt5Y4I7f/IiqZ+W3LNS+bZcqFxmduTQITpCReSic1RB16iKaoiiR/SMXtGb9WS9WO/Wxyx1ycpqDtAfWF8/VzShoA==</latexit>

pListenerPragmatic(· | x)



RSA: Review
• Literal listener: uses denotational semantics to map utterances to 

probability of referents 
 

• Pragmatic speaker: re-normalizes probabilities over utterances given 
literal listener’s interpretations 
 

• Pragmatic listener: takes into account alternative utterances the 
speaker could have used to refer to referents, but didn’t

<latexit sha1_base64="dxaPW/TCP4PvmNVA6+Zt6MnCFXY="></latexit>

pListenerLiteral (r | x) = [[x]]rP
r02R[[x]]r0

<latexit sha1_base64="3P15KjidPy1BvYrwMvrkx5bY1ls="></latexit>

pSpeakerPragmatic(x | r) = pListenerLiteral (r | x)P
x02X pListenerLiteral (r | x0)

<latexit sha1_base64="RQR/yoPGix+vus3IhxH1ZJnP0rQ="></latexit>

pListenerPragmatic(r | x) =
pSpeakerPragmatic(x | r)

P
r02R pSpeakerPragmatic(x | r0)



RSA: Review
• Literal listener: uses denotational semantics to map utterances to 

probability of referents 
 

• Pragmatic speaker: re-normalizes probabilities over utterances given 
literal listener’s interpretations 
 

• Pragmatic listener: takes into account alternative utterances the 
speaker could have used to refer to referents, but didn’t

<latexit sha1_base64="dxaPW/TCP4PvmNVA6+Zt6MnCFXY="></latexit>

pListenerLiteral (r | x) = [[x]]rP
r02R[[x]]r0

<latexit sha1_base64="3P15KjidPy1BvYrwMvrkx5bY1ls="></latexit>

pSpeakerPragmatic(x | r) = pListenerLiteral (r | x)P
x02X pListenerLiteral (r | x0)

<latexit sha1_base64="RQR/yoPGix+vus3IhxH1ZJnP0rQ="></latexit>

pListenerPragmatic(r | x) =
pSpeakerPragmatic(x | r)

P
r02R pSpeakerPragmatic(x | r0)



RSA: Review
• Literal listener: uses denotational semantics to map utterances to 

probability of referents 
 

• Pragmatic speaker: re-normalizes probabilities over utterances given 
literal listener’s interpretations 
 

• Pragmatic listener: takes into account alternative utterances the 
speaker could have used to refer to referents, but didn’t

<latexit sha1_base64="dxaPW/TCP4PvmNVA6+Zt6MnCFXY="></latexit>

pListenerLiteral (r | x) = [[x]]rP
r02R[[x]]r0

<latexit sha1_base64="3P15KjidPy1BvYrwMvrkx5bY1ls="></latexit>

pSpeakerPragmatic(x | r) = pListenerLiteral (r | x)P
x02X pListenerLiteral (r | x0)

<latexit sha1_base64="RQR/yoPGix+vus3IhxH1ZJnP0rQ="></latexit>

pListenerPragmatic(r | x) =
pSpeakerPragmatic(x | r)

P
r02R pSpeakerPragmatic(x | r0)



RSA Variations

• Priors over referents 
 

• Utterance costs 
 

• Adjusting temperature of distributions

<latexit sha1_base64="OpUPA9p+unsEbtDktpydN+9VhbM="></latexit>

pListenerLiteral (r | x) = [[x]]r · P (r)P
r02R[[x]]r0 · P (r0)

<latexit sha1_base64="cjXibimxLwn6nLWpfcowqdsb1bA="></latexit>

pSpeakerPragmatic(x | r) = exp(log pListenerLiteral (r | x) + C(x))P
x2X exp(log pListenerLiteral (r | x) + C(x))

<latexit sha1_base64="ImYGNDBqZU3KwlLhOHybGPbmLKc="></latexit>

pSpeakerPragmatic(x | r) = exp(↵ · (log pListenerLiteral (r | x) + C(x)))P
x2X exp(↵ · (log pListenerLiteral (r | x) + C(x)))
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x2X exp(↵ · (log pListenerLiteral (r | x) + C(x)))



RSA Variations

• Priors over referents 
 

• Utterance costs 
 

• Adjusting temperature of distributions

<latexit sha1_base64="OpUPA9p+unsEbtDktpydN+9VhbM="></latexit>

pListenerLiteral (r | x) = [[x]]r · P (r)P
r02R[[x]]r0 · P (r0)

<latexit sha1_base64="cjXibimxLwn6nLWpfcowqdsb1bA="></latexit>

pSpeakerPragmatic(x | r) = exp(log pListenerLiteral (r | x) + C(x))P
x2X exp(log pListenerLiteral (r | x) + C(x))

<latexit sha1_base64="ImYGNDBqZU3KwlLhOHybGPbmLKc="></latexit>

pSpeakerPragmatic(x | r) = exp(↵ · (log pListenerLiteral (r | x) + C(x)))P
x2X exp(↵ · (log pListenerLiteral (r | x) + C(x)))



Language Use Beyond Reference

[Vision-and-Language Navigation Task. Anderson et al., 2018]

Turn left and take a right at the table. Take a left at the painting and then 
take your first right. Wait next to the exercise equipment.



Language Use Beyond Reference

[Chang et al. 2018]

• Discrete motion, 
but real images



Instruction Following

STOP

✓

Output a route:

Input instructions:

Go forward between the kitchen counters and then turn 
right into the living room. Walk forward onto the rug. 



Instruction Generation

Output instructions:

Input a route:

✓
Go forward between the kitchen counters and then turn 
right into the living room. Walk forward onto the rug. 

STOP



Speakers and Listeners
Inputs Outputs

Speaker
Go forward between the 

kitchen counters…

Route r
<latexit sha1_base64="JAQi7+D1k7x8KaHlJyPkS3SzeCw=">AAACEnicbVC7TgJBFJ31ifhatbSZSEygIbuGqCXRxsICozwSQDI7XGDC7CMzdw1kwzfY+Cs2Fhpja2Xn3zg8CgVPcpMz59ybufd4kRQaHefbWlpeWV1bT22kN7e2d3btvf2KDmPFocxDGaqaxzRIEUAZBUqoRQqY70moev3LsV99AKVFGNzhMIKmz7qB6AjO0EgtOxfdNxAGmNxGwPqgRq3p81ogKCZH2QFt+KJNVa5lZ5y8MwFdJO6MZMgMpZb91WiHPPYhQC6Z1nXXibCZMIWCSxilG7GGiPE+60Ld0ID5oJvJ5KQRPTZKm3ZCZSpAOlF/TyTM13roe6bTZ9jT895Y/M+rx9g5byYiiGKEgE8/6sSSYkjH+dC2UMBRDg1hXAmzK+U9phg3eei0CcGdP3mRVE7y7mm+cFPIFC9mcaTIITkiWeKSM1IkV6REyoSTR/JMXsmb9WS9WO/Wx7R1yZrNHJA/sD5/ABaKnlY=</latexit>

pSpeakerLiteral (x | r) Instruction x

Listener
Go forward between the 

kitchen counters…

Instruction x
<latexit sha1_base64="P/qnLeOzqJB1puG4ZkcgjjhDjG4=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAjRIuxKUMugjYVFBPOAJC6zszfJkNnZZWZWEpb8g42/YmOhiK2NnX/j5CFo4oGBc8+5lzv3+DFnSjvOl7WwuLS8sppZy65vbG5t2zu7VRUlkkKFRjySdZ8o4ExARTPNoR5LIKHPoeb3Lkd+7R6kYpG41YMYWiHpCNZmlGgjefZxfNfU0NfptdkFAuTQ+6k1SMKHeYmbIQtw/8izc07BGQPPE3dKcmiKsmd/NoOIJiEITTlRquE6sW6lRGpGOQyzzURBTGiPdKBhqCAhqFY6vmmID40S4HYkzRMaj9XfEykJlRqEvukMie6qWW8k/uc1Et0+b6VMxIm5l04WtROOdYRHAeGASaCaDwwhVDLzV0y7RBJq8lBZE4I7e/I8qZ4U3NNC8aaYK11M48igfXSA8shFZ6iErlAZVRBFD+gJvaBX69F6tt6s90nrgjWd2UN/YH18AwkLnts=</latexit>

pListenerLiteral (r | x) Route r



Literal Listener

…
…

+

go past the couch   …

[Anderson et al., 2018]

LSTM Encoder LSTM Decoder with Attention



Literal Listener

…
…

+LSTM Encoder

go past the couch   …

LSTM Decoder with Attention

[Anderson et al., 2018]



Literal Listener

…
…

+LSTM Encoder

go past the couch   …

LSTM Decoder with Attention

[Anderson et al., 2018]



Literal Listener

…
…

+LSTM Encoder

go past the couch   …

LSTM Decoder with Attention

[Anderson et al., 2018]



Literal Listener

…
…

+LSTM Encoder

go past the couch   …

…
…

LSTM Decoder with Attention

[Anderson et al., 2018]



Literal Speaker

+
…

+ go    past    the  couch   …

…
…

<START>    go    past    the  couch   …

LSTM Encoder LSTM Decoder with Attention

[Fried et al., 2018]



Training Literal Listener and Speaker

Human 
annotators

InstructionRoute

Speaker

Listener

Go forward between  
the kitchen counters…

Fit Model

<latexit sha1_base64="svco2DGL0WcmVAa1niliZsp533g="></latexit>

argmax
✓

pSpeakerLiteral (x | r; ✓)

Fit Model

<latexit sha1_base64="edeJdnHjUo2BPIzoDEL44OY9x3M="></latexit>

argmax
�

pListenerLiteral (r | x;�)



Pragmatic Instruction Generation

STOP

Speaker

Listener Listener

STOP… STOP…

walk past the dining room  
table and chairs and take a  
right into the living room.  
stop once you are on the rug. 

walk past the dining room 
table and chairs and take a 
right into the living room.



Pragmatic Instruction Generation

STOP

Speaker

Listener Listener

STOP… STOP…

walk past the dining room  
table and chairs and take a  
right into the living room.  
stop once you are on the rug. 

walk past the dining room 
table and chairs and take a 
right into the living room.



Pragmatic Instruction Generation

STOP

Listener Listener

STOP…

walk past the dining room  
table and chairs and take a  
right into the living room.  
stop once you are on the rug. 

walk past the dining room 
table and chairs and take a 
right into the living room.

STOP…

0.4 0.8

Speaker

<latexit sha1_base64="dkjhHCJiAMWcMEBWt6xTV5yf8aQ=">AAACHHicbVC7SgNBFJ2NrxhfUUubwSBEi7CrQQWboI2FRQTzgOwmzE5ukiGzD2ZmJWHZD7HxV2wsFLGxEPwbJw9BEw8MnHvOvdy5xw05k8o0v4zUwuLS8kp6NbO2vrG5ld3eqcogEhQqNOCBqLtEAmc+VBRTHOqhAOK5HGpu/2rk1+5BSBb4d2oYguORrs86jBKlpVb2JGzaCgYqvtG7wAeRtH5qBYLwBOdF8wjbHmvjwQW2wx47bGVzZsEcA88Ta0pyaIpyK/thtwMaeeAryomUDcsMlRMToRjlkGTsSEJIaJ90oaGpTzyQTjw+LsEHWmnjTiD08xUeq78nYuJJOfRc3ekR1ZOz3kj8z2tEqnPuxMwPI304nSzqRByrAI+Swm0mgCo+1IRQwfRfMe0RQagORmZ0CNbsyfOkelywTgvF22KudDmNI4320D7KIwudoRK6RmVUQRQ9oCf0gl6NR+PZeDPeJ60pYzqzi/7A+PwG78qh1Q==</latexit>

pListenerLiteral (r⇤ | x;�)


