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Language and perception

Caption, answer questions, understand a description, explain it to someone,
engage in a conversation, give agents commands, imagine something different,
recognize its description in a story, rewrite that description in another language,
understand if someone is missing the point, reproduce it, intervene, etc.
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The person rode the skateboard leftward.

object detector, tracker, event recognizer
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The person rode the skateboard leftward.

object detector, tracker, event recognizer
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Tracking with higher-level knowledge

Barbu et al. 2012
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Tracking with higher-level knowledge

detection / object / frame

t=1 t=2 t=3 t=T
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Barbu et al. 2012
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Tracking with higher-level knowledge

detection / object / frame

temporally coherent track
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Tracking with higher-level knowledge

detection / object / frame

o temporally coherent track

object detector confi-
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Tracking with higher-level knowledge

detection / object / frame

temporally coherent track

object detector confi-
dence (f)
motion coherence (g)
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Tracking with higher-level knowledge

detection / object / frame

t=1 t=2 t=3 t=T
i=1[ o w? vl 5 temporally coherent track
. object detector confi-
RS R . [ dence ()
=3 [ e 5] . ‘4 motion coherence (g)
optimal path through the
lattice of detections
i=r | o B 5| bﬁ
foog

Barbu et al. 2012

Andrei Barbu (MIT) language <+ vision December 4, 2017



Tracking with higher-level knowledge

detection / object / frame
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Tracking with higher-level knowledge

detection / object / frame
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Tracking with higher-level knowledge

detection / object / frame
temporally coherent track

object detector confi-

dence (f)
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Bellman (1957), Viterbi (1967)

T T
t t—1 1t
max ;f (bh) + Egg(bjt_l, )

t=

Barbu et al. 2012

Andrei Barbu (MIT) language <+ vision December 4, 2017



Tracking with higher-level knowledge

detection / object / frame
temporally coherent track

object detector confi-

dence (f)

motion coherence (g)
optimal path through the
lattice of detections
dynamic programming
Bellman (1957), Viterbi (1967)
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Event recognition

tracks
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Event recognition

feature vectors

tracks
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Event recognition

P HMMs
Baum and Petrie (1966)

feature vectors
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Event recognition

P HMMs
Baum and Petrie (1966)

One HMM per event class

feature vectors

tracks
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Event recognition

,  HMMs
Baum and Petrie (1966)

One HMM per event class
Try each HMM

feature vectors

tracks
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Event recognition
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Building sentences out of trackers and words

Siddharth et al. 2014
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Building sentences out of trackers and words

Viterbi tracker
track 1
=)
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Siddharth et al. 2014

Andrei Barbu (MIT) a ge <+ vision

December 4, 2017



Building sentences out of trackers and words

Event tracker for intransitive verbs
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Building sentences out of trackers and words

Event tracker
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Building sentences out of trackers and words

Sentence tracker

track 1 track L
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Sentence recognizers

The tall person quickly rode the horse leftward away from the other horse.

Andrei Barbu (MIT) language <+ vision December 4, 2017



Sentence recognizers

The tall person quickly rode the horse leftward away from the other horse.

Andrei Barbu (MIT) a ge <+ vision December 4, 2017



Sentence recognizers

The tall person quickly rode the horse leftward away from the other horse.

Andrei Barbu (MIT) a ge <+ vision December 4, 2017



Sentence recognizers

The tall person quickly rode the horse leftward away from the other horse.

agent-location  patient-location
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Sentence recognizers

The tall person quickly rode the horse leftward away from the other horse.

agent-location  patient-location  source-location
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Sentence recognizers

The tall person quickly rode the horse leftward away from the other horse.

agent-location  patient-location  source-location
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The person picked up the animal from the table.
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The person picked up the animal from the table.

Jxyz person(x), animal(y), table(z), pickup(x, y), on(y, z)
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The person picked up the animal from the table.

Jxyz person(x), animal(y), table(z), pickup(x, y), on(y, z)

chair animal table pickup on
Uxys Ay - - - Usys Ay, -+ - Uy Ay, -
x-tracker y-tracker z-tracker
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Recognition P(sentence, video)
Retrieval

Generation

Question answering

Disambiguation

Language acquisition

Follow commands

Paraphrasing
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Recognition P(sentence, video)
Retrieval argmax P(s,v)
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Sentential retrieval

Barret et al. 2016
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Sentential retrieval
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Recognition P(sentence, video)

Retrieval argmax P(s,v)
veV

Generation argmax P(s,v)
s€L

Question answering
Disambiguation
Language acquisition
Follow commands
Paraphrasing

Translation

Common sense reasoning

Planning

Narayanaswamy et al. 2014

Barret et al. 2016

Yu et al. 2015, Narayanaswamy et al. 2
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Generating sentences

S — NP VP
NP — D [A]N [PP]
D —an | the
A — blue | red
N — person | backpack | chair | bin | object
PP — P NP
P — to the left of | to the right of
VP — V NP [Adv] [PPv]
V — approached | carried | picked up | put down
Adv — quickly | slowly
PPy — Pm NP
Py — towards | away from
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147,123,874,800 sentences without recursion
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Generating sentences

S — NP VP
NP — D [A]N [PP]
D —an | the
A — blue | red
N — person | backpack | chair | bin | object
PP — P NP
P — to the left of | to the right of
VP — V NP [Adv] [PPv]
V — approached | carried | picked up | put down
Adv — quickly | slowly
PPy — Pm NP
Py — towards | away from

147,123,874,800 sentences without recursion

“carried”
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Generating sentences

S — NP VP
NP — D [A]N [PP]
D —an | the
A — blue | red
N — person | backpack | chair | bin | object
PP — P NP
P — to the left of | to the right of
VP — V NP [Adv] [PPv]
V — approached | carried | picked up | put down
Adv — quickly | slowly
PPy — Pm NP
Py — towards | away from

147,123,874,800 sentences without recursion

“the person carried”
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Generating sentences

S — NP VP
NP — D [A]N [PP]
D —an | the
A — blue | red
N — person | backpack | chair | bin | object
PP — P NP
P — to the left of | to the right of
VP — V NP [Adv] [PPv]
V — approached | carried | picked up | put down
Adv — quickly | slowly
PPy — Pm NP
Py — towards | away from

147,123,874,800 sentences without recursion

“the person carried the backpack”
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Recognition P(sentence, video)

Retrieval argmax P(s,v)
veV

Generation argmax P(s,v)
s€L

Question answering
Disambiguation
Language acquisition
Follow commands
Paraphrasing

Translation

Common sense reasoning

Planning

Narayanaswamy et al. 2014

Barret et al. 2016
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Recognition

Retrieval

Generation

Question answering
Disambiguation
Language acquisition
Follow commands
Paraphrasing

Translation

Common sense reasoning

Planning

P(sentence, video)
argmax P(s,v)
veV

argmax P(s,v)
seL

argmax P(Q(s,s;),v)
seL

Narayanaswamy et al. 2014

Barret et al. 2016

Yu et al. 2015, Narayanaswamy et al. 2

Barbu et al. in prep.
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Question answering
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Question answering
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Question answering
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Question answering

What did the person put on top of the red car?
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Question answering

What did the person put on top of the red car?
The person put NP on top of the red car.
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Question answering

What did the person put on top of the red car?
The person put NP on top of the red car.
The person put the pear on top of the red car.

Andrei Barbu (MIT) language <> vision

December 4, 2017






Question answering

December 4



Question answering
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Question answering
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Question answering

Who put an object on top of the red car?

Andrei Barbu (MIT) language <+ vision December 4, 2017



Question answering with specificity

Who put an object on top of the red car?
NP put an object on top of the red car.
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Question answering with specificity

Who put an object on top of the red car?
NP put an object on top of the red car.
The person on the left of the car put an object on top of the red car.
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P(sentence, video)
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argmax P(s,v)
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Barret et al. 2016
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ReCOgnitiOn P(SentenCe, Video) Narayanaswamy et al. 2014

Retrieval argmax P(s,v) Barret et al. 2016
veV
Generation argmax I‘)(S7 v) Yu et al. 2015, Narayanaswamy ef al. 2
s€L
Question answering argmax P(Q(s,s;),v) Barbu et al. in prep.
s€L
Disambiguation argmax P(i,v) Berzak et al. 2015
icparser(s)

Language acquisition
Follow commands
Paraphrasing

Translation

Common sense reasoning

Planning
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I saw the man with the telescope.
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I saw the man with the telescope.

Andrei Barbu (MIT) anguage < vision December 4, 2017



I saw the man with the telescope.
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Danny looked at the man with a telescope.
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Danny looked at the man with a telescope.

Danny has the telescope
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Danny looked at the man with a telescope.

Danny has the telescope The man has the telescope
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Danny looked at the man with a telescope.

N

Danny has the telescope The man has the telescope
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Danny looked at the man with a telescope.

N
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Ambiguities

PP Attachment

Danny looked at the man with a telescope.
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Ambiguities

PP Attachment
Andrei approached the person holdmg a green chair.

VP Attachment St M L -B
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Ambiguities

PP Attachment
VP Attachment

Conjunction
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Ambiguities

PP Attachment
Someone put down the bags.
VP Attachment = *.h ; ‘ e
Coni ) s ﬂ I Il
onjunction J i W i

Logical Form
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Ambiguities

PP Attachment
Danny picked up the bag and the chair. It is yellow.
VP Attachment S S y
Conjunction il g 1 ,‘7‘ o : ‘r‘ {: 'S
ol =] | I

Logical Form

Anaphora
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Ambiguities

PP Attachment
Danny left Andrei. Also Yevgeni.

VP Attachment == M

!
s :‘.\‘}i

Conjunction

Logical Form

Anaphora

Ellipsis
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Danny and Andrei moved a chair.
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Danny and Andrei moved a chair.

Danny and Andrei move the same chair.

Andrei Barbu (MIT) language <> vision December 4, 2017



Danny and Andrei moved a chair.

Danny and Andrei move the same chair.
Jx chair(x)
move(Danny, x), move(Andrei, x)
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Danny and Andrei moved a chair.

Danny and Andrei move the same chair.
Jx chair(x)
move(Danny, x), move(Andrei, x)

Danny and Andrei move different chairs.
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Danny and Andrei moved a chair.

Danny and Andrei move the same chair.
Jx chair(x)
move(Danny, x), move(Andrei, x)

Danny and Andrei move different chairs.
Jxy chair(x), chair(y)
move(Danny, x), move(Andrei, y),x # y
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ReCOgnitiOn P(SentenCe, Video) Narayanaswamy et al. 2014

Retrieval argmax P(s,v) Barret et al. 2016
veV
Generation argmax I‘)(S7 v) Yu et al. 2015, Narayanaswamy ef al. 2
s€L
Question answering argmax P(Q(s,s;),v) Barbu et al. in prep.
s€L
Disambiguation argmax P(i,v) Berzak et al. 2015
icparser(s)

Language acquisition
Follow commands
Paraphrasing

Translation

Common sense reasoning

Planning
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ReCOgnitiOn P(SentenCe, Video) Narayanaswamy et al. 2014

Retrieval argmax P(s,v) Barret et al. 2016
veV

Generation argmax I‘)(S7 v) Yu et al. 2015, Narayanaswamy ef al. 2
seL

Question answering argmax P(Q(s,s;),v) Barbu et al. in prep.
sEL

Disambiguation argmax P(i,v) Berzak et al. 2015

icparser(s)
Language acquisition argmax H P(s(0),v) Yuet al. 2015
0
5,0

»

Follow commands
Paraphrasing

Translation

Common sense reasoning

Planning
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Language learning

Split into two variants:
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Language learning

Split into two variants:

Lexicon
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Language learning

Split into two variants:

Lexicon
Syntax
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Language learning: Lexicon

Yu et al. 2014
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Language learning: Lexicon

Yu et al. 2014
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Language learning: Lexicon

The chair approached the backpack.

The person picked up the backpack.

Yu et al. 2014
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Language learning: Lexicon

The chair approached the backpack.

The person picked up the backpack.

Yu et al. 2014

Andrei Barbu (MIT) language <+ vision December 4, 2017



Language learning: Lexicon

The chair approached the backpack.

The person picked up the backpack.

Yu et al. 2014
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Language learning: Lexicon

chair

: e
The person //icked up the chair. 7&'3 b

person

The chair approaghed the backpack:

erson picked up the backpack.

approached
backpack

Yu et al. 2014

Andrei Barbu (MIT) language <+ vision December 4, 2017



Language learning

Split into two variants:

Lexicon
Syntax
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Language learning

Split into two variants:

Lexicon
Syntax
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Language learning: Syntax
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Language learning: Syntax

Danny approached the chair with a bag.
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Language learning: Syntax

Danny approached the chair with a bag.

:

parser
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Language learning: Syntax

Danny approached the chair with a bag.

:

parser

i VP o Sam |
P o~ VBD N
12 ] n‘v NP | hed /Nf‘\ PP
o~ approach
Vb of Nn wih DT RN ot NN R

[ | | | P

apronched the chor 2 98 e chaic whn oF NN
|

a bag

December 4, 2



Language learning: Syntax

Danny approached the chair with a bag.

:

parser

P
v ] N Np | /NP\ g
PN approached
Vo of Nw i DT NN of WK N
| (N [ A
approached the chair a bag the chair with DT N‘N

a bag
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The dark haired man is picking an object up from the floor.

The guy in the plaid shirt is lifting the yellow chair.
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Paraphrasing

The dark haired man is picking an object up from the floor.

The guy in the plaid shirt is lifting the yellow chair.

The man with the chair walks away from someone.

The man walks away from someone with the chair.
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The tall man gave the woman the red box.
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=~ The box was passed on by the body guard.

% The box changed hands from the man to the woman.

:?> The man entered a room with a box. A woman left holding it.

Andrei Barbu (MIT) language <+ vision December 4, 2017



Paraphrasing is hard
The tall man gave the woman the red box.
% The woman received the crimson box from the man.
=~ The box was passed on by the body guard.
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% The man entered a room with a box. A woman left holding it.

=~ The cat yawned.
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Paraphrasing today

Socher et al. 2011, Cheng and Kartsaklis 2015
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Sam was happy
iparallel corpus
Sam a fost fericita

CaM ObLIA CHACTIINBA

In Thai you specify siblings by age not gender.

In English you specify relative time but you don’t need to in Chinese.
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In Thai you specity siblings by age not gender.

In English you specify relative time but you don’t need to in Chinese.
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Many languages don't distinguish blue/green.
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In English you specify relative time but you don’t need to in Chinese.
Guugu Yimithirr language only uses absolute directions.

Many languages don't distinguish blue/green.
Swahili specifies color as “the color of X".
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Statistical machine translation
Sam was happy
iparallel corpus

Sam a fost fericita
CsM ObLIa cyYaCTIMBA

In Thai you specity siblings by age not gender.
In English you specify relative time but you don’t need to in Chinese.
Guugu Yimithirr language only uses absolute directions.

Many languages don't distinguish blue/green.
Swahili specifies color as “the color of X".
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Common sense reasoning

The trophy doesn’t fit on the shelf.

Levesque et al. 2011
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The trophy doesn’t fit on the shelf because it’s too large.
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