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How long do species exist on average before going extinct?
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Challenge: requires computation / aggregation
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Semantic parsing

[utterance: user input]
semantic parsing
[program]
execute

[behavior: user output]

Semantics = how language connects with the world
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Computer: By "it", | assume you mean the block which is taller
than the one | am holding.




SHRDLU [1971]

Person: Pick up a big red block.

Computer: OK.

Person: Grasp the pyramid.

Computer: | don't understand which pyramid you mean.

Person (changing their mind): Find a block which is taller than
the one you are holding and put it into the box.

Computer: By "it", | assume you mean the block which is taller
than the one | am holding.

Computer: OK.

Person: What does the box contain?

Computer: The blue pyramid and the blue block.
Person: What is the pyramid supported by?
Computer: The box.




Web search [1990s-

+You Search Images Maps Play YouTube Gmail Drive Calendar More -

GD ( )gl{i‘ machine learning A “

Web Images Maps Shopping News Mare - Search tools

Machine learning - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki'Machine_learning

Machine learning, & branch of artificial intelligence, is about the construction and
study of systems that can learn from data. For example, a machine learning ...

List of machine learning - Categony:Machine learning - Monte Carlo Machine ...

Machine Learning | Coursera

https:fiwww.coursera.org/course/mi

Machine learning is the science of getting computers to act without being explicitly
programmed. In the past decade, machine learning has given us self-driving ...

6,519 people +1'd this

CS 229: Machine Learning
cs229. stanford.edu/

Check out this year's awesome projects at Fall 2012 Projects. Come check out the
cool new projects during the CS5229 Poster Session this Thursday December ...

Machine Learning - Download free content from Stanford on iTunes
https:/fitunes.apple.com/us/itunes-u/machine-learning/id384233048
Download or subscribe to free content from Machine Learning by Stanford on iTunes.

Machine Learning Depariment - Carnegie Mellon University

wanww. mil.cmu. edusf

Large group with projects in robot learning, data mining for manufacturing and in
multimedia databases, causal inference, and disclosure limitation.

Machine Learning (Theory)
hunch.net/
Jan 31, 2013 — A collaborative machine learning weblog by John Langford.
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Training data for semantic parsing

Heavy supervision

What's Bulgaria’s capital?
Capital.Bulgaria

When was Walmart started?
DateFounded.Walmart

What movies has Tom Cruise been in?

Type.Movie I Starring. TomCruise
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Outline

e A semantic parsing framework

e A closer look at the elements

— Logical forms: lambda DCS

— Lexical coverage

— Grammar: building logical forms
— Learning via bootstrapping

— Leveraging denotations

— Datasets/results

e Beyond Freebase

e Final remarks
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[Bollacker, 2008; Google, 2013]

World: Freebase

100M entities (nodes) 1B assertions (edges)

MichelleObama
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\ ™ Female USState
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\ — Type
StartDate |
/ e
Event8 Hawaii
—
ContainedBy
AN _c
Type Marriage UnitedStates ContainedBy
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Typeé‘&rth Profession Type
v / r/ \ v
Person 1961.08.04 Politician City
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World: Freebase
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World: Freebase
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Spouse 1992.10.03 *
\ — Type
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Event8 Hawaii
/ A
ContainedBy
-~
Type Marriage UnitedStates ContainedBy
Chicago BarackObama PlaceOfBirth—Honolulu
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TEvent3©
ven Type DateOfBirth Profession Type
\ / r/ \ \
Person 1961.08.04 Politician City
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Chicago BarackObama PlaceOfBirth—Honolulu
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—
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Person 1961.08.04 Politician City

11



[Bollacker, 2008; Google, 2013]

World: Freebase

100M entities (nodes) 1B assertions (edges)

MichelleObama

\Gender\
Female USState

PlacesLived Spouse 1992.10.03 *
— Type
StartDate |
/ s
Event21 Event8 Hawaii
/ A
ContainedBy
-
Location  Type Marriage UnitedStates ContainedBy
Y ContainedBy
Chicago™ | BarackObama PlaceOfBirth——Honolulu
/
‘Location PIacesLived/
TEvent3“_
ven Type DateOfBirth Profession Type
\ / r/ \ \
Person 1961.08.04 Politician City

11



Logical forms: lambda DCS

Type.Person "l PlacesLived.Location.Chicago

[Liang, 2013]
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[Liang, 2013]

Logical forms: lambda DCS

Type.Person "l PlacesLived.Location.Chicago

(0]
Type PlacesLived

/N

Person ?

Location

\J
Chicago
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Logical forms: lambda DCS

Type.Person "l PlacesLived.Location.Chicago

/\

Type

/

Person

PlacesLived

\

?

Location

\J
Chicago

MichelleObama

\Gender\
Female

PlacesLived Spouse 1992.10.03
/ \ —
StartDate
_——
Event21 Event8

Location  Type Marriage UnitedStates
l ContainedBy
. //
Chicago BarackObama
—_—
VLocation PIacesLived/
TEvent3“_ 7
ve Type DateOfBirth Profession
| / / \
Person 1961.08.04 Politician

—
ContainedBy
-~

[Liang, 2013]

USState

t

Type

Hawaii

!

ContainedBy

PlaceOfBirth——Honolulu

Type

l

City
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[Liang, 2013]

Logical forms: lambda DCS

Type.Person "l PlacesLived.Location.Chicago

/\

Type

/

Person

PlacesLived

\

Location

\J
Chicago

[MichelleObamal
" Gender.
/I \ “™Female USState

PlacesLived g e 1992.10.03 A
— Type

StartDate |
/ .
Event21 Event8 Hawaii

I ContainedBy
_ -~
Location  Type Marriage UnitedStates ContainedBy

ContainedBy

Chicago BarackObama PlaceOfBirth——~Honolulu
Locatlon PIacested
Event3 Type DateOfBirth Profession Type
Person 1961.08.04 Politician City
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parameters

Probabilistic framework

@ people who have lived in Chicago

Y

©)

world

>@ Type.Person 1M PlacesLived.Location.Chicago

w)

Y
>@ {BarackObama,MichelleObama,...}

13



Derivations

Derivation: construction of logical form given utterance

Type.Person M PlaceLived.Location.Chicago

N

Type.Person  wh PlaceLived.Location.Chicago
people have  Placelived.Location in  Chicago

lived Chicago

14
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Derivations

Derivation: construction of logical form given utterance

Type.Person M PlaceLived.Location.Chicago

N

Type.Person  wh Placelived.Location.Chicago
lexicon / /A \\
people have  Placelived.Location in  Chicago
lexicon lexicon
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Derivations

Derivation: construction of logical form given utterance

Type.Person M PlaceLived.Location.Chicago

//'/ersect

Type.Person  wh Placelived.Location.Chicago
lexicon / /A \\
people have  Placelived.Location in  Chicago
lexicon lexicon

lived Chicago

14



(Over)-generating derivations

utterance

Grammar

derivation 1
mPp derivation 2

15



(Over)-generating derivations

derivation 1
utterance == | Grammar | = derivation 2

~A Real Dumb Grammar

(lexicon) Chicago = E : Chicago
(lexicon) people = E : Type.Person
(lexicon) live = E x E : PlacesLived

(jon) ExXE:b E:u = E:bu
(intersect) E: v E:v = E:ullv

15



Many possible derivations!

people who have lived in Chicago
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Many possible derivations!

people who have lived in Chicago

set of candidate derivations D(x)
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Many possible derivations!

people who have lived in Chicago

set of candidate derivations D(x)

Type.Person M Placelived.Location.Chicago

Type.Person  wh PlaceLived.Location.Chicago
lexicon //A \\
people have  PlacelLived.Location in  Chicago
lexicon lexicon
lived Chicago
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Many possible derivations!

people who have lived in Chicago

set of candidate derivations D(x)

Type.Org M PresentIn.ChicagoMusical

Type.Org  who Presentln.ChicagoMusical
lexicon //r \\
people have  Presentln in  ChicagoMusical
lexicon lexicon
lived Chicago

16



Type.Person M Placelived.Location.Chicago

Type.Person  wh Placelived.Location.Chicago

x. utterance

d: derivation

people have  Placelived.Location in  Chicago
lexicon lexicon
lived Chicago

Feature vector ¢(z,d) € RE:

17



Type.Person M Placelived.Location.Chicago

Type.Person  wh Placelived.Location.Chicago
x: utterance
lexicon
d: derivation |
people have  Placelived.Location in  Chicago
lexicon lexicon
lived Chicago

Feature vector ¢(z,d) € RE:

apply join

apply intersect

apply lexicon

skipped IN

skipped NN

lived maps to PlaceslLived.Location
lived maps to PlaceOfBirth
alignmentScore

H R O R O KR WK K

denotation-size=1

17



Scoring derivations

Feature vector: ¢(x,d) =[1.3,2,0,1,0,0,...] € R¥
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Scoring derivations

Feature vector: ¢(x,d) =[1.3,2,0,1,0,0,...] € R¥

Parameter vector: 6 = [1.2,-2.7,34,...] € R¥
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Scoring derivations

Feature vector: ¢(x,d) =[1.3,2,0,1,0,0,...] € R¥
Parameter vector: 6 = [1.2,-2.7,34,...] € R¥

Scoring function:

F
Scoreg(z,d) = ¢(x,d) -0 =Y 0;¢;(x,d)

j=1

18



Log-linear model

Candidate derivations: D(x)

19



Log-linear model

Candidate derivations: D(x)

Model: distribution over derivations d given utterance x

o exp(Scoreg (x,d))
p(d | L, 9) — Zd’eD(:c) exp(gcoreg(az,d’))

19



Training data:

Learning

What's Bulgaria’s capital?
Sofia

What movies has Tom Cruise been in?

TopGun,VanillaSky,...

+grammar, +features

20



Learning

Training data:

What's Bulgaria’s capital?
Sofia

What movies has Tom Cruise been in?

TopGun,VanillaSky,...

+grammar, +features

Objective: Maximum likelihood

arg maxg Z:’Z:l log pg (y(i) | x(i))
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Learning

Training data:

What's Bulgaria’s capital?
Sofia

What movies has Tom Cruise been in?

TopGun,VanillaSky,...

+grammar, +features
Objective: Maximum likelihood
argmaxgy y ., log pg(y'V | (V)
Algorithm:

AdaGrad (stochastic gradient with per-feature step size)

20



Training Intuition

Where did Mozart tupress?

Vienna

21



Training Intuition

Where did Mozart tupress?
Place0fBirth.Mozart
Place0OfDeath.Mozart
PlaceOfMarriage.Mozart

Vienna
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Training Intuition

Where did Mozart tupress?
PlaceOfBirth.Mozart = Salzburg
PlaceOfDeath.Mozart = Vienna
PlaceOfMarriage.Mozart = Vienna

Vienna
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Training Intuition

Where did Mozart tupress?
PraceBfBirthrMozart =—Satzburg
PlaceOfDeath.Mozart = Vienna

PlaceOfMarriage.Mozart = Vienna

Vienna

Where did William Hogarth tupress?
PlaceOfBirth.WilliamHogarth
PlaceOfDeath.WilliamHogarth
PlaceOfMarriage.WilliamHogarth

London

21



Training Intuition

Where did Mozart tupress?
PlaceOfDeath.Mozart = Vienna

PlaceOfMarriage.Mozart = Vienna

Vienna

Where did William Hogarth tupress?
Place0fBirth.WilliamHogarth = London
PlaceOfDeath.WilliamHogarth = London
PlaceOfMarriage.WilliamHogarth =- Paddington

London

21



Training Intuition

Where did Mozart tupress?
PlaceOfDeath.Mozart = Vienna

PlaceOfMarriage.Mozart = Vienna

Vienna

Where did William Hogarth tupress?
Place0fBirth.WilliamHogarth = London
PlaceOfDeath.WilliamHogarth = London

Pl e B Mot L i am ] S

London

21



Training Intuition

Where did Mozart tupress?
IPlaceOfDeath.Mozart = Vienna‘

PlaceOfMarriage.Mozart = Vienna

Vienna

Where did William Hogarth tupress?
Place0fBirth.WilliamHogarth = London

IPlaceDfDeath.WilliamHogarth = London‘
P rreeffMarr I ] Padtebiret

London

21



Outline

e A semantic parsing framework

e A closer look at the elements

— Logical forms: lambda DCS

— Lexical coverage

— Grammar: building logical forms
— Learning via bootstrapping

— Leveraging denotations

— Datasets/results

e Beyond Freebase

e Final remarks
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Entity
Chicago

Lambda DCS
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Entity
Chicago

Join
PlaceOfBirth.Chicago

Lambda DCS
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Lambda DCS

Entity
Chicago

Join
PlaceOfBirth.Chicago

Intersect
Type.PersonlPlaceOfBirth.Chicago
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Aggregation
count(Type.Person " PlaceOfBirth.Chicago)
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Join
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Type.PersonlPlaceOfBirth.Chicago

Aggregation
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Superlative
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Lambda DCS

Entity
Chicago

Join
PlaceOfBirth.Chicago

Intersect
Type.PersonlPlaceOfBirth.Chicago

Aggregation
count(Type.Person " PlaceOfBirth.Chicago)

Superlative
argmin(Type.Person M PlaceOfBirth.Chicago, DateOfBirth)

Anaphora
1. Type.Person M1 Children.Influence.x
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Lambda DCS

Entity
Chicago

Join
PlaceOfBirth.Chicago

Intersect
Type.PersonlPlaceOfBirth.Chicago

Aggregation
count(Type.Person " PlaceOfBirth.Chicago)

Superlative
argmin(Type.Person M PlaceOfBirth.Chicago, DateOfBirth)

Anaphora
1. Type.Person M1 Children.Influence.x

Variable
A\x.Gender.Female M Children.Children.z

24



Comparison to lambda calculus

Lambda calculus

Ax. Type(x, Person) A Je.PlacesLived(x, e) A Location(e, Chicago)
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Comparison to lambda calculus

Lambda calculus

Ax. Type(x, Person) A Je.PlacesLived(x, e) A Location(e, Chicago)

Lambda dependency-based compositional semantics (DCS)

Type.Person M PlacesLived.Location.Chicago
Eliminate variables to simplify
Existential quantification by default

Replace entity sets (e — t) rather than truth values ()

Use tree/graph structures (analogy to dependency syn-
tax)

25



Comparison to lambda calculus

. ambda calculus

Ax. Type(x, Person) A Je.PlacesLived(x, e) A Location(e, Chicago)

Lambda dependency-based compositional semantics (DCS)

Type.Person M PlacesLived.Location.Chicago

e Eliminate variables to simplify
e Existential quantification by default

e Replace entity sets (e — t) rather than truth values (%)
e Use tree/graph structures (analogy to dependency syn-
tax)

e Inspired by Discourse Representation Theory, description
logic, modal logic, similarities to AMR

25



An example

states west of Texas whose capitals are their largest cities

26



Outline

e A semantic parsing framework

e A closer look at the elements

— Logical forms: lambda DCS

— Lexical coverage

— Grammar: building logical forms
— Learning via bootstrapping

— Leveraging denotations
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e Beyond Freebase

e Final remarks
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Challenge: lexical coverage

born = Type.City, PlaceOfBirth, Profession.Lawyer, ...

28



Solution: alignment

Open information extraction on ClueWeb09:

; g ; g (Barack Obama, was born in, Honolulu)
SN =t== | (Albert Einstein, was born in, Ulm)
SN =E== (Barack Obama, lived in, Chicago)
Z;Zi ... 15M triples ...

[Fader et al. 2011]
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[Fader et al. 2011]

Solution: alignment

Open information extraction on ClueWeb09:

ElIEIEE

=== (Barack Obama, was born in, Honolulu)

= | (Albert Einstein, was born in, Ulm)

=== (Barack Obama, lived in, Chicago)

N === ... 15M triples ...
Freebase:

AN (BarackObama, Place0fBirth, Honolulu)
o //% > (Albert Einstein, Place0fBirth, Ulm)
l%j\ ‘‘‘‘‘‘‘‘‘‘‘‘ S (BarackObama, PlacesLived.Location, Chicago)

== 0 .. 400M triples ...

29



Match text and Freebase predicates

grew up in . cz@Date0fBirth

born ,'n.-=::::'.'.'.'.'.'.-.-. ............................. Place0OfBirth

married in----_;;:»*'-':::: --------------------- Marriage.StartDate
born In PlacesLived.Location

Similar schema matching / alignment ideas [Cai & Yates, 2013,
Fader et. al, 2013, Yao & van Durme, 2014; etc.]

30



Challenge: variability in language

What is the currency in the US?

31



Challenge: variability in language

What is the currency in the US?
What money do they use in the states?
How do you pay in America?
What's the currency of the US?
What money is accepted in the United States?

What money to take to the US?

31



A solution: paraphrasing

How many people live in Seattle?

What is the population of Seattle?

|

PopulationOf(Seattle)

|

850,000

Convert to a text-only problem

[Berant & Liang, 2014]
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Challenge: "sub-lexical compositionality”

grandmother
\x.Gender.Female M Children.Children.z
mayor

Ax.GovtPositionsHeld.(Title.Mayor M OfficeOf Jurisdiction.x)

33



Challenge: "sub-lexical compositionality”

grandmother

Az.Gender.Female M Children.Children.x
mayor
Ax.GovtPositionsHeld.(Title.Mayor M OfficeOf Jurisdiction.x)

This is " grounding” .

33



Challenge: "sub-lexical compositionality”

presidents who have served two non-consecutive terms
[requires higher-order quantification]
presidents who were previously vice-presidents
[anaphora]
every other president

[weird quantification]

34



Outline

e A semantic parsing framework

e A closer look at the elements

— Logical forms: lambda DCS

— Lexical coverage

— Grammar: building logical forms
— Learning via bootstrapping

— Leveraging denotations
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e Beyond Freebase
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Over-simplifying the grammar

~A Real Dumb Grammar

(lexicon) Chicago = E : Chicago
(lexicon) people = E : Type.Person
(lexicon) live = E x E : PlacesLived

(oin) EXE:b E:u = E:bu
(intersect) E: v E:v = E:ullv
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Over-simplifying the grammar

~A Real Dumb Grammar

(lexicon) Chicago = E : Chicago
(lexicon) people = E : Type.Person
(lexicon) live = E x E : PlacesLived

(oin) EXE:b E:u = E:bu
(intersect) E: v E:v = E:ullv

~A CCG Grammar

(lexicon) Chicago = NP : PlaceOfBirth
(lexicon) people = N : \z.Type(x, Person)
(lexicon) live = (N\N)/NP : Ay. A f A\z.f(z) A PlacesLived(x, )

.(.l;ackward) X:xz Y\X:f = Y:f(x)
(forward) Y/X:b X :u = Y: f(z)

36



Overapproximation via simple grammars

e Modeling correct derivations requires complex rules
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Overapproximation via simple grammars

e Modeling correct derivations requires complex rules

e Simple rules generate overapproximation of good deriva-
tions
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Overapproximation via simple grammars

e Modeling correct derivations requires complex rules

e Simple rules generate overapproximation of good deriva-
tions

e Hard grammar rules = soft/overlapping features

37



Bridging

Type.University ' Education.BarackObama

Type.University

alignment
BarackObama
alignment

Which co//ege did Obama

go to

[Berant et al., 2013]
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Bridging

Type.University ' Education.BarackObama

.................. bridging
."Educgtion
alignjment .
. BarackObama
: align:ment
Which co//ege did Obama

Bridging: use neighboring predicates / type constraints

go to

[Berant et al., 2013]
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Bridging

Type.University ' Education.BarackObama

.................. bridging
."Education
alignjment .
. BarackObama
: align:ment
Which co//ege did Obama go to

Bridging: use neighboring predicates / type constraints

Start building from parts with more certainty

[Berant et al., 2013]
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Bridging to nowhere

Search logical forms based on " prior”:

What countries in the world speak Arabic?

[Berant & Liang, 2014]
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Bridging to nowhere

Search logical forms based on " prior”:

What countries in the world speak Arabic?

_— \

ArabicAlphabet ArabicLang

[Berant & Liang, 2014]
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[Berant & Liang, 2014]

Bridging to nowhere

Search logical forms based on " prior”:

What countries in the world speak Arabic?

_— \

ArabicAlphabet ArabicLang

T

LangSpoken.ArabicLang LangFamily.Arabic
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[Berant & Liang, 2014]

Bridging to nowhere

Search logical forms based on " prior”:

What countries in the world speak Arabic?

_— \

ArabicAlphabet ArabicLang

T

LangSpoken.ArabicLang LangFamily.Arabic

Type.Country [1 LangSpoken.ArabicLang

Count (Type.Country 1 LangSpoken.ArabicLang)
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[Berant & Liang, 2014]

Bridging to nowhere

Search logical forms based on " prior”:

What countries in the world speak Arabic?

_— \

ArabicAlphabet ArabicLang

T

LangSpoken.ArabicLang LangFamily.Arabic

Type.Country [1 LangSpoken.ArabicLang

Count (Type.Country 1 LangSpoken.ArabicLang)

Start building from parts with more certainty

39



Oracle on WebQuestions

For what fraction of utterances was a candidate logical form
correct?

70
60
50
40
30
20
10
0

[Berant et al., 2013] Paraphrasing
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Bootstrapping from easy examples

Iteration 1

Example 5

Example 4

Example 3

Example 2

Example 1
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Bootstrapping from easy examples

Iteration 2

Example 5

Example 4

Example 3

Example 2

Example 1
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Bootstrapping from easy examples

Iteration 3

Example 5

Example 4

Example 3

Example 2

Example 1
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Bootstrapping from easy examples

Iteration 4

Example 5

Example 4

Example 3

Example 2

Example 1

42



Bootstrapping from easy examples

On GeoQuery [Liang et al., 2011]:

100
)
@
o
= 75
(T
X
v 50
=
<
= 25
X

1 2 3 4

Iteration
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Type.Person M Placelived.Location.Chicago

Type.Person  wh Placelived.Location.Chicago

x. utterance

d: derivation

people have  Placelived.Location in  Chicago
lexicon lexicon
lived Chicago

Feature vector ¢(z,d) € RE:
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Type.Person M Placelived.Location.Chicago

Type.Person  wh Placelived.Location.Chicago
x: utterance
lexicon
d: derivation |
people have  Placelived.Location in  Chicago
lexicon lexicon
lived Chicago

Feature vector ¢(z,d) € RE:

apply join

apply intersect

apply lexicon

skipped IN

skipped NN

lived maps to PlaceslLived.Location
lived maps to PlaceOfBirth
alignmentScore

H R O R O KR WK K

denotation-size=1
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100

80

60

40

20

Impact of denotation features

-denotation +denotation

Free917
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100

80

60

40

20

Impact of denotation features

-denotation

50

40

30

20

10

+denotation

Free917

0

-denotation +denotation

WebQuestions
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100

80

60

40

20

Impact of denotation features

50
40
30
20

10

-denotation +denotation -denotation +denotation

Free917 WebQuestions

Working with denotations actually provides more in-
formation than just logical forms

46
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Question answering on

Free917 (1K questions) [Cai & Yates, 2013]
At what institutions was Marshall Hall a professor?
How many companies are traded by the NYSE?

Who was the newscaster in 1948 on CBS evening news?

MichelleObama

-

F

Frecbase

TGender.
/ \ “Female USState
PlacesLived  Spouse 1992.10.03 4
ad Type
StartD: |
— .
Event21 Event8 Hawaii
Containe dBy
-
Location Typ Marriage UnitedStates Containe dBy
l Containe By |
/
Chicago BarackObama——rplaceOfBirth——~Honolulu
~ _
Location PlacesLived "
TEvent3™ 7
ven Type DateOfBirth  Profession Type
Person 1961.08.04 Politician City
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Question answering on s/~ [Frechase

MichelleObama

Free917 (1K questions) [Cai & Yates, 2013] AN .
4 . » Event{l \Event8/ i - H:ll:l:ii
At what institutions was Marshall Hall a professor? | N oo |
ooooooooooooooo iage UnitedStates ContainedBy
How many companies are traded by the NYSE? clg// BrmtkOhama— o v
T E t3’T eyjem{nh \on sssssss Ty|pe
Who was the newscaster in 1948 on CBS evening news? P _— /N
eeeee .08. tician ity

100

80

68.5

60

40

20

[Cai & Yates, 2013] [Kwiatkowski et al., 2013] [Berant & Liang, 2014]



Dataset collection

How to get natural questions (inputs)?
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Dataset collection
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Dataset collection

How to get natural questions (inputs)?

Strategy: breadth-first search over Google Suggest graph

Where was Barack Obama born?

Google Suggest Barack Obama

Where was _ born? — Lady Gaga
Steve Jobs

Where was Steve Jobs born?

Google Suggest born

Where was Steve Jobs _7 — raised

on the Forbes list

Where was Steve Jobs raised?
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Dataset collection

How to get natural questions (inputs)?

Strategy: breadth-first search over Google Suggest graph

Where was Barack Obama born?

Google Suggest Barack Obama

Where was _ born? — Lady Gaga
Steve Jobs

Where was Steve Jobs born?

Google Suggest PO
Where was Steve Jobs _7 — raised

on the Forbes list

Where was Steve Jobs raised?

AMT annotation = 6.6K question/answer pairs



Question answering on

WebQuestions dataset (6K questions) [Berant et al., 2013]
what did obama study in school

where to fly into bali

what was tupac name in juice

pE

g

Frecbase

MichelleObama

PlacesLived

TGendery
Female USState
e

Spouse 1992.10.03
/

T
StartDate |
/
Event8 Hawa
Containe dB
-
Type Marriage UnitedStat Containe dBy
Containe dBy |
/
BarackObama——PlaceOfBirth—Honolulu
~ —
Location PlacesLived| / \ |
~ -~
‘Even/ﬁType/ DateOfBirth Profession T

eeeee
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pE

Question answering on s~ [reebase

MichelleObama

WebQuestions dataset (6K questions) [Berant et al., 2013] .. [N T v s
— Type
. - Event{l \Events/ aaaaa Ha\luaii
what did obama study in school | N o |
oooooooooooo Marriage UnitedStates ContainedBy
where to fly into bali Chilagoj/ """"""""""" BarkObame—scom—e b
o e TN il
what was tupac name in juice _/ . |
Person 1961.08.04 Politician City

50

39.9

40 35.4 35.7 37.5
30
20

10

[Yao & van Durme, 2014]  [Berant et al., 2013] [Bao et al., 2014] [Berant & Liang, 2014]



Other semantic parsing tasks

Playing computer games [Branavan et al., 2010, 2011]

Following navigational instructions [Tellex et. al 2011; Chen et.
al 2012; Artzi et. al 2013]

Understanding visual world [Matuszek et. al; 2012, Krishna-
murthy & Kollar, 2013]

Solving algebra word problems [Kushman et. al, 2013]
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Outline

e A semantic parsing framework

e A closer look at the elements

— Logical forms: lambda DCS

— Lexical coverage

— Grammar: building logical forms
— Learning via bootstrapping

— Leveraging denotations

— Datasets/results

e Beyond Freebase

e Final remarks
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Challenge: incomplete knowledge base

What are the longest hiking trails in Baltimore?

‘4_

hiking trails in Baltimore
Avalon Super Loop
Patapsco Valley State Park
Gunpowder Falls State Park

Union Mills Hike
Greenbury Point

Data Source
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MichelleObama

/

PlacesLived

/

Event21

Location Type

!

Chicago™ |
~

Loc

Person

\Gender\

Spouse

AN

Event8

—
ContainedBy
-~

ContainedBy

Female
1992.10.03

StartDate

Marriage UnitedStates

BarackObama

DateOfBirth Profession

/N

—
ation PIacesLived// \
=~ -
Event3 ~
Type

1961.08.04 Politician

USState

Type

Hawaii

ContainedBy

PlaceOfBirth——Honolulu

Type

City
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Fewer than
Freebase

MichelleObama

\Gender
/ ™ Female
PlacesLived Spouse 1992.10.03
/ \ —
StartDate
_—
Event21 Event8

Location  Type Marriage UnitedStates
1 ContainedBy
Chicago BarackObama
~ —
Location PIacesLived// \
=~ -
Event3 ~ : .
Type DateOfBirth Profession
' / / \

Person 1961.08.04 Politician

—
ContainedBy
-~

USState

Type

Hawaii

ContainedBy

PlaceOfBirth——Honolulu

Type

City

10% general web questions can be answered

Via
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Semantic parsing on the web

Input:
e query x
hiking trails near Baltimore

e web page w

[Pasupat & Liang, 2014]
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[Pasupat & Liang, 2014]

Semantic parsing on the web

Input: ¥ EveryTrail

HOME | EXPLORE | MOBILEAPPS | CREATETRIP | MY EVERYTRAIL Search GO
. ( (Update Current Location) Login | Signup
Hiking near Baltimore, Maryland
[ 2o peopte e mis. o Tweet 41
This list shows the most popular Hiking near Baltimore, Maryland based on user reviews, votes, and mobile downloads. Plan your next trip with EveryTrail guides by downloading a guide
to your mobile phone with the BveryTrail iPhone or Android app.
o \

Sort: | Rating = @sl'mmmnrll].rh'ps
Filter Trails
Guides

Avalon Super Loop - Patapsco State Park
Patapsce State Park, Mandand, United Siates (7.5 miles away)
rirdrdrdr G0

Difficult: 12.7 miles, Full day
lots of ruins, waterfalls, trains, and river views.

Do the entire Avalon Patapsco state park in 1 day! This loop covers the majornty of the Avalon area, with multiple ruins,
waterfalls and other ardifacts to find along the way. Starting at the parking lot, you hike up the road a ways to the Ridge
trail sign. The next leg is the maintenace loop which has an old old tractor to look at and some. ..

Popular places for Hiking
Hiking in Maryland

Hiking in Patapsco Valley State Park
Hiking in Cahvert Cliffs State Park
PVSE. Hiking in Patuxent River State Park

Patapsco Valley State Park - Hilton Area 8 Miles/Moderate
Calonmvlle, Maryland, Uniled Siales (7.7 mies away)

Moderate: 7.8 miles, Half day

& mile circuit hike including sections in the Avalon, Orange Grove and Glen Ariney areas of

OVERVIEW: One of the more scenic routes in the Patapsco Valley State Park in the Hitton
Area which includes multiple stream crossings, viewings and waterfalls including Cascade wateralls, two swinging bridge
crossings, llchester Overook, and Bloedes Dam. This is a moderate hike and can be hiked in either direction,
Counterclockwise is an easier hike...
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[Pasupat & Liang, 2014]

Semantic parsing on the web

Input: ¥ EveryTrail

HOME | EXPLORE | MOBILEAPPS | CREATETRIP | MY EVERYTRAIL Search GO
. ( (Update Current Location) Login | Signup
Hiking near Baltimore, Maryland
[ 2o peopte e mis. o Tweet 41
This list shows the most popular Hiking near Baltimore, Maryland based on user reviews, votes, and mobile downloads. Plan your next trip with EveryTrail guides by downloading a guide
to your mobile phone with the BveryTrail iPhone or Android app.

Sort: | Rating = A show community trips

Filter Trails

Avalon Super Loop -

Ll
Difficult: 12.7 miles, Full day
lots of ruins, waterfalls, trains, and river views

atapsco State Park

d States (7.5 miles away)

Do the entire Avalon Patapsco state park in 1 day! This loop covers the majornty of the Avalon area, with multiple ruins,
waterfalls and other ardifacts to find along the way. Starting at the parking lot, you hike up the road a ways to the Ridge
trail sign. The next leg is the maintenace loop which has an old old tractor to look at and some. ..

Patapsco Valley State Park -

Moderate: 7.8 miles, Half day Hiking in Patapsco Valley State Park

B mile circuit ke inchudi fions in the Avalon, O a and Glan 2 of Hiking in Calvert Cliffs State Park
PVSP Hiking in Patuxent River State Park

Popular places for Hiking
Hiking in Maryland

Iton Area 8 Miles/Moderate

'!.l ]

" OVERVIEW: One of the more scenic routes in the Patapsco Valley State Park in the Hilton
Area which includes multiple stream crossings, viewings and waterfalls including Cascade wateralls, two swinging bridge
crossings, llchester Overook, and Bloedes Dam. This is a moderate hike and can be hiked in either direction,
Counterclockwise is an easier hike...
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[Pasupat & Liang, 2014]

Semantic parsing on the web

Input:

e query x
hiking trails near Baltimore

e web page w

Output:
e list of entities y

[Avalon Super Loop, Patapsco Valley State Park, ...]
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[Sahuguet and Azavant, 1999; Liu et al., 2000; Crescenzi et al., 2001]

Logical forms: XPath expressions

html\
head body
// \
table hl table
tr tr tr tr
PAANN /\ \ \
td td td td th th td td td td

2 = /html[1] /body[1]/table[2] /tr/td[1]

57



hiking trails

near Baltimore

(@)

Framework
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Framework

hiking trails @ @ /N
: head body:
near Baltimore / | | y

Generation

!

(12| ~8500) (2
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Framework

hiking trails @ @h d/ \bd
near Baltimore / N | y

Generation

!
(12| ~ 8500) @

Model

:
/htmi[1]/body]1] /table[2] /tr/td[1] ( =)
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Framework

hiking trails 5 i
. @ @ head  body:
near Baltimore / . |

Generation

!
(|2 ~ 8500) @

Model

\

:
/htmi[1]/body[1] /table[2] /tr/td[1] (= ) -

[Avalon Super Loop, Patapsco Valley State Park,

Execution

i

58



Features

po(z | z,w) o< exp{0' ¢(x,w,2)}
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Features

G(Z ’ a:,w) X eXp{QTgb(SE,’LU,Z)}

Structural Features: captures context

M= President Took office
George
Washmgton April 30,1789
1 [n 2)

[11)12][13]

.

[15][151[1?]

Thomas
Jefferson

[13][191[201

March 4, 1797

March 4, 1801

The listing below is complete for the current government
of the USA. For this country, however, there weare prior

governments (including that under th
Confederation @ Prior to George Washington as

leadership over the government of the

ica who held the title of "President”.

one person
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Features

po(2 | z,w) o exp{f' p(x,w, 2)}

Denotation Features: captures content

hiking trails near Baltimore
Avalon Super Loop

Patapsco Valley State Park

Gunpowder Falls State Park

Rachel Carson Conservation Park
Union Mills Hike

>

hiking trails near Baltimore
Home
About Baltimore Tour
Pricing
Contact
Online Support
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Dataset

We created the OPENWEB dataset with diverse queries and
web pages.

airlines of italy
natural causes of global warming
Isu football coaches
bf3 submachine guns
badminton tournaments
foods high in dha
technical colleges in south carolina
songs on glee season 5
singers who use auto tune

san francisco radio stations
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Dataset

We created the OPENWEB dataset with diverse queries and
web pages.

veaus | scwepuies | moxers | rawzowe | woeo:aumo | racames | peasmusms | comseet | wamoms |

1 Greenhouse Effect

° The Greenhouse Effect

Home > Teams > Footall > COACHES

fim | | music | sporls | travel | Football

All ltalian Airlines

M istotairines  ©7%5

2013 Football Coaches o

Alistof all hakian Aiines. This st bxuses on passenger airines indhuding imematonal, interoo
TSA and fhe sirports taken mostof E ¥ i
911 {And ye, fre ) While sir asa andwe

Greenhouse effect s the process inwhich the atmasphere of the Earth trap some of the heat coming from the sun,
making the Earthwarm but due to burning fuels, cutting trees, the concentration of heat on Earth i increased to abnor-
mallevels making greenhouse effect as one of the major causes of global warming. Carbon Dicxide, methane, nitrous
axide are the greenhouse gases which helps to keep the Earth warm. Itis a natural phenomenon that takes place with

-
John Chavis. Frank Wilson
Detensve Coomnane  RunRIG BI0E COMTRAQUNG
‘Cooranatcr

i
Cam Cameron

Ceenoe
CosranarOnemacs Coan

reo [

Fiead Coach

Rank «
the adeq: ions of the. gases. But when ion of these gases rises, they disturb
1 o Air Dolomiti ‘the climatic conditions, making the Earth more warm. These gases are not able to escape. which is the cause of warkd-
wide increase in temperature. So the balance of carbon diaxide and other gases should be maintained so that it does
not become the major reason of global warming.
2 Air Europe Maipensa sirpor : P-4
‘Steve Ensminger Brick Haley Adam Henry
Tont s Craen etenane Lra coten e Recruers Coan
3 jfg Mrlay - 5 Air Pollution
4 ey AirOne s s
Thomas McGaughey [3 aymo Greg Studrawa

orey Raymond
‘Specal Teams Coontinator Defersive Backs Coach Offtensive Line Coach

5 ?4MVA. Air Vallée

6 w  Alidaunia Py ™Gno Lsar sirpar
g
7 . Alitalia-Linee Aeree ltaliane
‘Steve Kragthorpe Dr. 5am Nader
The harmful gases emitted from the vehicles and factories and the greenhouse gases cause pollution in the air and D b= A
- PP bttt § et et #hacn macne mot s in Hin stmncnhars Tha cmab mathar tnin #i stmncnhars fnrmine e A1l of harmél

airlines of italy natural causes of global warming Isu football coaches



Dataset Statistics

2773 examples
2269 unique queries

894 unique headwords < long tail!
1483 unique web domains < long tail!

(# wrapper induction)
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70

60

50

40

30

20

10

10.3

Main Results

40.5

Baseline
(Most frequent
extraction

predicates)

55.8

Accuracy

Accuracy @ 5
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Examples of Correct Predictions

Query: nobel prize winners

- atism that contributes to our
understanding of the origin of mass of subatomic particles, and which
recently was confirmed through the discovery of the predicted
fundamental particle, by the ATLAS and CMS experiments at CERN's
Large Hadron Collider”

o i [ o [
David ). Wineland
SApETITeEntal eLnous that enable measuring and

manipulation of individual quantum systems"

[he Mohel D
Serge Haroche
. E—

he Nohel Prive in Dhoc
Saul Perlmutter, Brian P. Schmidt

observations of distant supernovae”

/html [1] /body/div/div[2]/div/div/div/h6/a/text
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Examples of Coverage Errors

Query: hedge funds in new york

Rank % Firm 4 Headquarters #

Bridgewater Associates B= Westport, CT

2 Man Group == London

=

: = London

; = New York
6 B= New York
7 B= New York

/html/body/div[3]/div[3]/div[4]/.../table/tbody/tr/td[2]/a

Need compositionality!



Summary

web page

' answers
query Avalon Super Loop

hiking trails | s | System | m—)p- Hilton Area
near Baltimore Wildlands Loop

A framework for extracting entities from a natural language
query and a single web page



Outline

e A semantic parsing framework

e A closer look at the elements

— Logical forms: lambda DCS

— Lexical coverage

— Grammar: building logical forms
— Learning via bootstrapping

— Leveraging denotations

— Datasets/results

e Beyond Freebase

e Final remarks
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Semantics

[utterance: user input]

semantic parsing

[intermediate semantic representations (text? logical forms? vectors?)]
execute

[denotation: wuser output]

Semantic representations as a means to an end
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Long-term engineering vision

hiking trails near Baltimore

68



Long-term engineering vision

hiking trails near Baltimore under 5 miles
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Long-term engineering vision

dog-friendly hiking trails near Baltimore under 5 miles
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Long-term engineering vision

dog-friendly hiking trails near Baltimore under 5 miles

/body/div[2]/(CLICK) /body/div/(SEARCH) /body/div[3]
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Conclusions

e Learning and computation are important to constrain
representation
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Conclusions

e Learning and computation are important to constrain
representation

e Learning from denotations framework in which logical
forms are intermediate

e Need richer representations that connect to real world
with richer language
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Code and data online

http://www-nlp.stanford.edu/software /sempre/
http://www-nlp.stanford.edu/software /web-entity-extractor-ACL2014 /
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Code and data online

http://www-nlp.stanford.edu/software /sempre/
http://www-nlp.stanford.edu/software /web-entity-extractor-ACL2014 /

Collaborators

Jonathan Berant (post-doc)
Andrew Chou (masters)
Roy Frostig (Ph.D.)
Panupong Pasupat (Ph.D.)
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Code and data online

http://www-nlp.stanford.edu/software /sempre/
http://www-nlp.stanford.edu/software /web-entity-extractor-ACL2014 /

Collaborators

Jonathan Berant (post-doc)
Andrew Chou (masters)
Roy Frostig (Ph.D.)
Panupong Pasupat (Ph.D.)

Thank you!
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