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2. We can learn (some) commonsense from text!
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PART |
NLP needs commonsense



COMMONSENSE IN: SYNTACTIC PARSING

| shot the elephan

(in my pajama__

~ WHAT IS THAT
ELEPHANT
DOING IN MY

_ ) PAJAMASSPRIR!




COMMONSENSE IN: COREFERENCE RESOLUTION

Obama met Jobs to discuss the economy, ..
technology, and education. After the meeting he |
signed a bill to introduce [...] |

[Bansal 2015]



COMMONSENSE IN: SPEECH RECOGNITION

‘... go ahead and grill the R’

dish 0.5
fish 0.3
miss 0.1




COMMONSENSE IN: NATURAL LANGUAGE GENERATION

- Preheat the oven to 350 F.

- Tenderize the chicken with a large mallet.

- Season the chicken with the spice mixture.
- Serve chicken on top of a bed of rice.

Done!?

'/,
NP



COMMONSENSE IN: Al CHALLENGES

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

What was made of steel”

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

What was made of styrofoam?

[Levesque 2012]
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Physical properties of objects

What is the
physical world like”

size
How big are dogs? | S
Tennis balls? Cars?

weight

How much do these

objects around me

weigh? (Can | pick
them up?)

— rigidity

Can | bend this
pencil”? What about
a copper wire?

If | drop this
styrofoam ball into
the steel table, will

either break?

e

——



‘I am larger than a chair”
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[Misra et al., 2016]



“The horse was as
small as a dog!”

—> horse =siz¢ dog ?






‘| picked up the <thing>." ; .

> AY

‘I took a drink from the
<thing>."

“The <thing> shattered
when it hit the ground




Two related problems

Physical properties implied by predicates Physical properties of objects

‘| picked up the <thing>.” \e\Z® *

“| took a drink from the
<thing>."

“The <thing> shattered
when it hit the ground
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3. Approacnh

4. Model

5. Data

o0. Evaluation



Two related problems

Physical properties of objects

Physical properties implied by predicates

‘| picked up the <unk>." \5‘\26

“| took a drink from the
<unk>."

™

“The <unk> shattered when
it hit the ground




Attributes

X SWweight Y

X <rigidness y




X X X X X

~Size

s weight
<rigidness
<strength

<speed

y
y

y

Individual-level

Always true

Stage-level
True in window

surrounding predicate

[Carlson, 1977]



‘| threw the "’



‘| threw the "’

ball
stone
chair




‘| threw the "’




‘| threw the "’

ball
stone
chair




x threw vy



X threw vy

N

X IS biggerthan vy



X threw vy

N

X Is biggerthan vy
X weighs more than vy
as a result, y will be moving faster than x



Action frame

X threw vy

— X ~Size y
— X >SWweight Y
— X <Speed y




lerminology

Action frames — simple syntax-based verb constructions
that compare two objects



lerminology

Action frames — simple syntax-based verb constructions
that compare two objects
X threw y

PERSON threw Xx Into y

PERSON threw on Xx ~__ O

distinct action

frames for the
same verb




lerminology

Action frames — simple syntax-based verb constructions
that compare two objects
x threw y

PERSON threw Xx Into y
PERSON threw on x

Objects — non-abstract nouns

v ball X evi
v train X tme



Two related problems

Physical properties of objects

Physical properties implied by predicates

‘| picked up the <thing>." \S\Ze

» .

“| took a drink from the
<thing>."

“The <thing> shattered
when it hit the ground




Two related problems

Physical properties of objects

Physical properties implied by predicates

‘ Example

\5‘\26

/ takes values in {>, <, 2}

\—@' = X threw y”

attribute: size
correct value: >

intuition: “x threw y”
/| : X >size y




Two related problems

Physical properties implied by predicates Physical properties of objects

Example Example
.| takes values in {>|, |<|, [~} takes values in {>}, |<|, [~}
S (A= “threw y’ (Tp.)= (person, ball)
attribute: size attribute: size
correct value: > - correct value: >
intuition: “x threw y” intuition: peopleII aqe
/] — x >sizey - eanneerEél V. arger




Solving both puzzles together

X threw vy

FRAME KNOWLEDGE




Solving both puzzles together

X threw vy

person, ball

FRAME KNOWLEDGE

person, stone

person, chair

OBJECT KNOWLEDGE




Solving both puzzles together

" person, ball
X rew y person >sze pall

— X >size y

person, stone

person >sizé stone

person, chair |

person >size chair

FRAME KNOWLEDGE OBJECT KNOWLEDGE




Solving both puzzles together

X threw vy

person, ball

person >size pal|

FRAME KNOWLEDGE

person, stone

person >size stone

person, chair

person >size chair

OBJECT KNOWLEDGE




OBSERVABLE IN LANGUAGE (!)

X threw vy

—> X >size y

FRAME KNOWLEDGE

person, ball

person >size pal|

person, stone

person >size stone

person, chair

person >size chair

OBJECT KNOWLEDGE




Action frame constructions

X threw vy

FRAME KNOWLEDGE

“He threw the

ball...”

—



Action frame constructions

subject
threw Q/ direct object

“He threw the

ball...”
x

FRAME KNOWLEDGE



Action frame constructions

X threw vy

FRAME KNOWLEDGE

(E() walked into @\

subject object of
preﬁosmon

| ‘I walked into my‘

office ...”
r —
“I walked into the

library ...”

—



Action frame constructions

X threw vy I Sqw with @>

direct object lect of
pre 603|t| n

X walked into vy

‘I squashed the |
bug with m
g y N

FRAME KNOWLEDGE



Action frame constructions

PERSON threw x “threw”
X threw vy

PERSON threw out x

X threw out vy

PERSON threw x into y

PERSON threw x iny

PERSON threw x on y

Several action
FRAME KNOWLEDGE frames




1. Introduction
2. Related work
3. Approach

4. Model

5. Data

o0. Evaluation
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HIgh level moadel

e e

ACTION FRAMES OBJECT PAIRS




Random variables F,ft

Take values in >} 1<,

2
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ACTION FRAMES

QO
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O 0
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Random variables F,ft

Take values In {

>l;

<

)

2

QO

QO

QO

QO

QO

ACTION FRAMES

Fsize

threw1

~ “x threw y”

QO

O
O 0

e

OBJECT PAIRS




Random variables th

Take values in >} 1<,

|2
——

o © >
® e
e - ®

O e

ACTION FRAMES OBJECT PAIRS

Fsize

threw;

¢

“xr threw y”

size

p( throw; = >0) = p(“x threw y” = x > 5126 Y)




Random variables th Random variables Jgjq

Take values in >} 1<, Take values in {>}, 1<),

|2
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Random variables th

Take values In {

>l;

<

)

2

QO

QO
O

QO

O

QO

ACTION FRAMES

Random variables JS)
Take values in {>}, |<

q

)

2

O
O 0

e

OBJECT PAIRS

size ~
PERSON,ball

(PERSON, ball)




Random variables F,ft Random variables Jg)

Take values in >} 1<,

q
Take values in {>}, 1<),

|2
——

2
e~/

o © >
O 0 O ©

®
®

ACTION FRAMES

e

OBJECT PAIRS

size ~
PERSON,ball (PERSONa ba,ll)

p( S]iﬁ)%}{eSON,ball = |>|) := p(PERSON 8176 ball)




Random variables th Random variables Jgjq

Take values in >} 1<, Take values in {>}, 1<),

|2
——
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Random variables F,ft

Take values in {>

)

<

)

2

® @

‘,‘ /0¢-<:;”

QO

ACTION FRAMES

Random variables Jgjq

Take values in {>};

<

)

2

Wt

© 0

OBJECT PAIRS




PART I — INTERLUDE
Factor graphs




FACTOR GRAPHS
BASICS

random variable
factor /
B

factor’s
value
table

value number

............................................................

...........................................................




FACTOR GRAPHS
BASICS

aue number 1) R
rain 0.7 \

............................................................

weather today




FACT_OR GRAPHS
BINARY FACTOR

M— X
unary factor

binary factor

\
y —



FACT_OR GRAPHS
BINARY FACTOR

weather today

~y—m— 2

do I bring
umbrella



FACTOR GRAPHS

SINARY

Y FACTOR

weather today

T — 2 -~

do I bring
umbrella




FACTOR GRAPHS

SINARY

Y FACTOR

weather today

~o

do I bring
umbrella

p(umbrellalweather)



FACTOR GRAPHS
DESIGN SPACE

What numbers are in the
factors’ value tables?

value number




FACTOR GRAPHS
DESIGN SPACE

What is the graph
structure?




FACTOR GRAPHS
DESIGN SPACE

Factors can contain p(umbrellalweather)

1. conditional probability tables L e

can use to construct “old-school”
graphical models

colz=1.0

p(u="no”lw="snow”)




DESIGN SPACE

Factors can contain

2. potential functions
(arbitrary nonnegative values)

can use to construct Markov
random fields (MRFs) (AKA
‘Markov networks”)

FACTOR GRAPHS

®d(u="no” ; w="snow”)

sun rain snow
0.01 29.7 0.17

140 1.2

®(umbrella ;weather)



FACTOR GRAPHS

DESIGN S

PACE

Graph structure

arbitrary bipartite
graphs!

._




FACTOR GRAPHS

WHAT'S THAT MODEL?

PtLL)



FACTOR GRAPHS

WHAT'S THAT MODEL?

prior p(y)



FACTOR GRAPHS

WHAT'S THAT MODEL?

PtLL)



FACTOR GRAPHS

WHAT'S THAT MODEL?

hint: p(ylxi)

rdan



WHAT'S THAT MODEL?




FACTOR GRAPHS

WHAT'S THAT MODEL?




FACTOR GRAP

WHAT'S THAT MODEL?

p(xilyi)
emission

p(yo)
start

X1

p(Yi+1lyi)
transition



FACTOR GRAPHS

WHAT'S THAT MODEL?

Ak




FACTOR G AF

TTTTTTTTTTTTT



FACTOR GRAPHS

IT'S 2020. PUT A NEURAL NET ON IT.

hidden layer 1

input layer
———s
=
=
— :_ _ _i';\___

hidden layer 2

hidden layer 3

b

-
P
e ——

output layer
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SIVAS

Object pair

random variables
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SIVAS

Verb similarity

binary factors

-----
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" -
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Action frames

grouped by verb
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Similar frame
construction
binary tfactor

____________
. S e
~

J person,
wo stone
'.‘ J person, 0
rock
O J person, ..
- house .-~

-
§§§§§§
---------

Several

action frames
per verb




SIVAS
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: stren th

More attributes

L
.....
-------

o m O om oy
- S
-
-

.....

Q Jstrength /
‘ person,

stone
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.....
-------

___________
Phe e
~

s1ze
person,
wo stone

s1ze

person,
rock

Similar attribute
binary factors

Q size
person, .-

-
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---------

__________
- ~
4' o

' weight
ijerson

house



Two main model questions

(1) What subset of nodes (2) What should the
should we connect potential functions be?
with each type of
factor?

value potential




Model: (1) Connections

Unary factors

— x



Model: (1) Connections

Unary factors

- Max-ent factors (all nodes)
m A - Seed factors (nodes in seed set)



Model: (1) Connections

Binary factors

y ——— 7



Model: (1) Connections

"""t advanced topic  _

Binary factors

y ——— 7

“' ot covered today

Similarity metrics



Model: (1) Connections

"""t advanced topic

“' not covered today
Binary factors

Similarity metrics

Y —m— Z (€.9., cosine similarity of

Empirical agreement
(on seed set)



Model: (1) Connections

""" advanced topic
""" not covered today

Binary factors
Similarity metrics

Y —m— Z (€.9., cosine similarity of

Empirical agreement Usage in text
(on seed set) (e.q., high PMI using Google Syntax



Model: (2) Potential functions

D Log-linear classifier
Vo p(X@ = v) o e®arf (X



Model: (2) Potential functions

D Log-linear classifier
Vo p(X@ = v) o e®arf (X

Object feature function

f(O5 ) = (9(p),9(q))

Reference
g(-) GloVe




Model: (2) Potential functions

D Log-linear classifier
Vo p(X@ = v) o e®arf (X

Object feature function

f(O5m) = (9@), 9(@))

Reference
g(-) GloVe




Model: (2) Potential functions

D Log-linear classifier
Vo p(X@ = v) o e®arf (X

Object feature function Example
f(Opg) == (9@, 9@) — f(OgggSO{baH) =

(g(PERSON), g(ball))

Reference
g(-) GloVe




Model: (2) Potential functions

D Log-linear classifier
Vo p(X@ = v) o e®arf (X

Object feature function

f(O5m) = (9@), 9(@))

Frame feature function

FESY = (h(1), g(v), g(1)) o eranae

h(-) One-hot frame type



Model: (2) Potential functions

¥ Log-linear classifier
Vo p(X® = v) o v /(X
Object feature function

f (Qﬁqu»

Frame feature function

£ FWU)’ glB) Reference

g(-) GloVe

h(-) One-hot frame type



Model: (2) Potential functions

D Log-linear classifier
Vo p(X@ = v) o e®arf (X

Object feature function Example
“PERSON threw z into y”

f(O%w) == (9®),9(@))
w f(FtS}ifgm) — S

0,0,0,1,0] jtthrew). o(iitG))

Frame feature function %
f<FWv>, 20)

Reference
g(-) GloVe

h(-) One-hot frame type




Loopy belief propagation




L ief | @
oopy beliet propagation @Tﬂf

Ho— £ () X H pfr—o ()

freN(v)\{f}

produc
,uf—w @ @ Loy’ —>f )
X:X|v|=x v'eEN(f)\{v}

H pf—o(T)

fEN(v)
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oopy belief propagation @—n :W
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ACTION FRAMES OBJECT PAIRS
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Why collect data”
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Why collect data”

O

\f ©

ACTION FRAMES

QO

o\

O

O\‘ / - Q\l

OBJECT PAIRS

- Small seed set (5%) breaks symmetry

- Evaluate generalizability (dev = 45%, test = 50%)




Selecting frames and objects

Verbs

- took

- grew

- washed
- trimmed
- squished
- got

- looked

- Wwrote

- entered
- kept

- lived

- played |

.

[Levin, 1993]




Selecting frames and objects

Action frames

- X squished y

- X SEHHSRea-6R¥

- PERSON squished _,
X With 1% crowdsourcing

-PERSON squished

xXony

- squished




Selecting frames and objects

Object pairs

- squished ( _prRSON squished ¢~ SPIder boot
X with y l S
PMI >0 on

[Goldberg and Orwant, 1993]

not abstract via

[Miller, 1995]




Given the sentence fragment

‘He squished _ X _with _Y 7



Given the sentence fragment

‘He squished _X _with _Y "~

What are some (physical, non-abstract)
examplesof x and y ?

m ! - He squashed the bug with his boot

- He squashed the fly with the nhewspaper




Given the sentence fragment

‘He squished _ X __with_Y 7

What are some (physical, non-abstract)
examplesof x and y ?

In general, what does “He squished x with y” imply
about the relative size of x and y ?

X IS generally bigger than vy

? X I1s generally smaller than y
X Is generally about the same size as vy

no general relation holds




For the two objects

person and shoe

In general, what are their relative sizes 7

v person is generally bigger than shoe

person is generally smaller than shoe
person is generally about the same size as shoe

no general relation holds

... relative weight 7
... relative rigidness ?



ata statistics

~8 action
DVREI rames / verb

“Verbs 100 |
“ Frames 813

I ObJect palrs 3656 i

~200 distinct
objects
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size

opened

@: opened th of peanut butter.”
v

she >size jar




weight

PERSON set upon

“‘He set the pon the @

y,

kettle <weight stove




speed

caught

our model

she >speed runner ]

~htin first.”
hcaught the@eb@

_— ground truth
she <sreed paseball

polysemy




Weighﬂ

PERSON stopped with

our model

ﬂy <weight jar

— “He stopped
— “She stopped th

ground truth

car >Wweight pbragke

complex
physics



size!

PERSON drove for

?

~ “He drove th
~ “She drove th

?
nonsensical
comparison




Metaphorical language”

size

X contained vy

— X >Size y

Physical Metaphorical
XYy Xy
bag book dictator revolution
taco tomato firefighters forest fire

cup coffee



VerbPhysics Summary

Reverse engineer
commonsense
physical knowledge

- Overcome reporting

bias by modeling
frames and objects



VerbPhysics Summary

Reverse engineer - New dataset VERBPHYSICS
commonsense uwnlp.github.1o0/verbphysics/

phySicaI knOWIGdge Action frame: size-threw_d

random variables: 5
factors: 5
focus: threw_d

seed [emb]

Overcome reporting

bias by modeling

. erb_sim
[size] swu ng_cY -

frames and objects

Type below to select an action frame to visualize. All action frames names start with one of the five
attributes: "size," "weight," "strength," "rigidness," or "speed."

S| @ || Load

Completions (live) (clickable):

size-accepted_d size-accepted_dp_for size-accepted_dp_in size-accepted_od
size-accepted_op_for size-added_d size-added_dp_in size-added_dp_on size-added_od

size-appeared_od size-appeared_op_at size-appeared_op_in size-appeared_op_on
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2. We can learn (some) commonsense from text!
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