
http://research.microsoft.com/en-us/projects/kgandld4cu/

http://research.microsoft.com/en-us/projects/kgandld4cu/




Early 1990s

Early 2000s

2014

Multi-modal systems
e.g., Microsoft MiPad, Pocket PC

Keyword Spotting
(e.g., AT&T)
System: “Please say collect,  calling card, person, 
third number, or operator”

TV Voice Search
e.g., Bing on Xbox

Intent Determination
(Nuance’s Emily™, AT&T HMIHY)
User: “Uh…we want to move…we 

want to change our phone line 

from this house to another house”

Task-specific argument extraction 
(e.g., Nuance, SpeechWorks)
User: “I want to fly from Boston 
to New York next week.”

Virtual Personal Assistants:
e.g., Siri, Google now, Cortana

DARPA
CALO Project

http://video.allthingsd.com/video/siri-the-full-d7-demo/8AAF93D9-D94F-4F56-8F0D-737CDF32FAA3
http://video.allthingsd.com/video/siri-the-full-d7-demo/8AAF93D9-D94F-4F56-8F0D-737CDF32FAA3






Structured and 

Unstructured 

Information 

Sources

Meta-information: 

Location, Contacts, 

etc.

Multi-modal 

Understanding

Response

Generation

Interaction

Manager

Utterance, Si

Gestures, Gi

Text, Ti

Utterance, So

Display, Do

Text, To

Machine action (i.e. present 

or request information), As

Semantic representation 

of user intention, Au



Same request, different wordings:

What is the name of the actor that played Jake Sully in Avatar

Who played Jake in Avatar

What was the actor who played Jake in Avatar

Find the name of the actor who played Jake Sully in Avatar

Who was the actor that played Jake Sully in Avatar

Find the guy who played Jake Sully in Avatar

Who is the guy who played Jake Sully in Avatar

Actor who played Jake Sully in Avatar

What was the name of the actor who plays Jake Sully in Avatar

Actor from Avatar who played Jack Sully

Can you tell me the name of the actor who played Jake in Avatar    

I need to know the name of the actor for Jake Sully in Avatar

Show me Sully from Avatar

I need to know the real name of Jake Sully on Avatar

Who is Jake Sully in Avatar

Give me the name of Jack Sully on Avatar

….



Keyword queries
Starbucks

Pandora

…

NL-like queries
Who is the director of Avatar movie

What are the common symptoms of …

…

More common in: 

Search

Conversational Interactions



• ASR errors 

who plays jake sunny in avatar

• Disfluencies

how about uhm some  some  th- uhm no italian ones

• Ungrammatical utterances

who was who actor that played jake sully in avatar

• Lack of capitalization/punctuation

i don’t like this why don’t you show me ones like uh avatar



Recall

P
re

c
is

io
n

Operating point for

Answers with Search

Operating point 

for CU





“when was james cameron’s avatar released” “show me media companies in california”

Intents

Find movie

Find showtime

Find theater

Buy tickets

...

Slots

Movie genre

Movie award

Theater location

Number of tickets

...

INTENT: Find_release_date

MOVIE NAME: avatar

DIRECTOR NAME: james cameron

INTENT: Find_company

LOCATION: california

INDUSTRY: media

Intents

Find company

Find revenue

Find founder

Find contact

...

Slots

Company name

Company address

Company revenue

Company industry

...



• Mainly viewed as utterance classification. 

• Given a collection of labeled utterances:

D= {(u1,c1),…,(un,cn)} 

where ci ∊ C, the goal is to estimate

ck’=argmax c ∊ C P(c|uk)

Example, “Show me the nearest movie theater”

Domain: movies

Intent: find-theater



• Heavily influenced by call routing applications for customer 
care centers
• AT&T HMIHY: Using salient phrases (Gorin et al., 1997), boosting (Gupta et al., 2006), Support 

Vector Machines (Haffner et al., 2003), extended boosting by using prior knowledge (Schapire et 
al. 2005)

• Bell Labs: Vector space model (Chu-Carroll and Carpenter, 1997), extended by MCE/Boosting by 
Kuo, Lee, Zitouni, et al., 2000 – 2003

• BBN Call Director (Natarajan et al., 2002)

• France Telecom 3000 (Damnati et al., 2007)

• (Cox et al., 2003), extended by linear discriminant analysis (LDA)

• DCNs, (Tur et al., 2012a)

• Tighter integration with ASR:
• Using word confusion networks (Hakkani-Tür et al., 2006), language model adapted by the intent model 

(Riccardi et al., 1996 and Chelba et al., 2003), language model discriminatively trained using MCE (Yaman et 
al., 2008).



• Word sequence classification

• Given a collection tagged word sequences,

S={(w1,t1),…,(wn,tn)}, 

where ti = ti,1,…,ti,|ui|, and ti,m ∊ M, the goal is to estimate

tk’=argmaxt P(t|wk) 

Example: 

flights from Boston to New York today

O O B-city O B-city I-city O

O O B-dept O B-arrival I-arrival B-date



• Knowledge-Based
• CMU Phoenix (Ward et al., 90s), MIT – TINA (Seneff et al., 90s), Apple Siri 

(Cheyer et al.), SRI Gemini (Appelt et al. 90s), Amazon Evi (TrueKnowledge), 
Nuance Vlingo

• Statistical 
• Generative Models: AT&T – Chronus (Levin&Pieraccini, 90s), BBN – Hidden 

Understanding Models (Miller et al., 90s), Cambridge (Young and He, 2004), U. 
Avignon (using FSM framework)

• Discriminative Models: McGill – Chanel (De Mori et al., 90s), LUNA (Riccardi and 
Raymond, 2006), Microsoft (Wang et al., Tur et al., Mesnil et al., Yao et al., etc.)

h0 h1 h2 hn

y0 y1 y2 yn



• Hybrid
• Fewer high precision rules, rest handled by statistical models.

• Nuance, Maluuba (probably), U. Aachen (using MT framework)

• Tighter integration with ASR





Schema 
Design

Manual 
Annotation 

Model 
Training

Data 
Collection

As a result…

Domain Selection



exploit web search 





i.e., manual 
clustering of 
predicate/argument 
pairs

- Semi-supervised method achieved 86.5% 

of the performance of a classification 

model trained with thousands of labeled 

utterances. 

- Experimented with data from 2 domains.





• Extended active learning framework that combines output 
from multiple systems via ROVER [Sarikaya; Speech 
Communication, 2008]





Web Search and Query Click Logs 
• Include:

• Queries

• URLs returned by the search engines and 
clicked by the users

• Possible to extract information from 

• Multiple users’ behavior 

• For  mining high-quality query and click 
pairs (White and Singla, 2010)

• Search sessions

• Users’ reformulation of their queries.

• Modeling interactions, sequencing of intents.

• Dwell times, etc.



• An edge connects a query and a document if we have observed a click 
for that query-document pair by any user. 

• Edges can also be weighted by frequencies.



Search Queries URLs

clicks

Query Logs

The graph can be used to find associations between nodes that are not directly 

linked, by following paths in the graph:

• Query to query suggestion

• Document to query annotation



Search Queries URLs

clicks

Query Logs

Edges can be weighted with transition probabilities, for random 

walk algorithms.



Frequencies of various query forms

We estimate 3-4% of search queries to be NL-like.

Ten most frequently occurring templates among entity-
based queries  (Pound et al., CIKM’12)

Search Queries CU Queries

Template Rel. Frequency

No. with SPARQL annotations 3,338

% with no relation (i.e. entity only) 10.1%

% with 1 relation 70.4%

% with 2 relations 10.2%

% with 3 or more relations 1%

% not covered by Freebase 8.3%



Search Queries URLs

clicks
Unsupervised:
• 18.9% to 7.9%
[HakkaniTurEtAl, 2011a]

Manually labeled SLU queries

e.g.: x = “I wanna reserve a table at Zucca.”
y = “restaurant”

www.weather.com
www.opentable.com
www.imdb.com

Manually determined:

Bing Query Logs



Search Queries URLs

clicks
Semi-Supervised:
• Self Training
• Noisy Label Propagation
• 6.2% to 5%
[HakkaniTurEtAl, 2011b]

Manually labeled SLU queries

e.g.: x = “I wanna reserve a table at Zucca.”
y = “restaurant”

www.weather.com
www.opentable.com
www.imdb.com

Manually determined:

Bing Query Logs



Search Queries URLs

clicks

Feature Extraction:
- Domain detection error rate reduction (from 10.6% to 5.4%):

- Sentence simplification with syntax[TurEtAl, 2011], 
- NL utterance to query translation [HakkaniTurEtAl, 2011c]
- Kernel-DCN [TurEtAl, 2012; DengEtAl, 2012]
- Zero-shot DNN [DauphinEtAl, 2014]

Manually labeled SLU queries

e.g.: x = “I wanna reserve a table at Zucca.”
y = “restaurant”

Bing Query Logs

NL Search Query (DISP are indented) Keyword Query

what are the signs of throat cancer throat cancer symptoms

what are the biggest us companies fortune 500 companies





Scaling Depth and Breadth
S
e
m

a
n

ti
c 

D
e
p

th

Domain Breadth

Scale Strategy:  Shallow & Broad

Head Strategy:  Deep & Narrow









Titanic

Director

Release Year

Award

Oscar, Best 

director 1997

James 

Cameron

Kate 

Winslet

Drama

Genre

Titanic

Starring



Subject, Predicate, Object

e1 name “Life is beautiful”.

e1 type film/film.

e1 source_url http://www.imdb.com/title/tt0118799.

e1 director e2.

e2 name “Roberto Benigni”.

http://www.

imdb.com/ti

tle/tt011879

9

http://www.

imdb.com/ti

tle/tt011879

9

e1

Life is 

beautiful

name

film/

film

type

http://www.

imdb.com/ti

tle/tt011879

9

source_url

e2
director

Roberto 

Benigni

name



e1 name “Life is beautiful”.

e1 type film/film.

e1 source_url http://www.imdb.com/title/tt0118799.

e1 director e2.

e2 name “Roberto Benigni”.

http://www.

imdb.com/ti

tle/tt011879

9

http://www.

imdb.com/ti

tle/tt011879

9

e1

Life is 

beautiful

name

film/

film

type

http://www.

imdb.com/ti

tle/tt011879

9

source_url

e2
director

Roberto 

Benigni

name



e1 name “Life is beautiful”:EN.

e1 name “La vita è bella”:IT.

http://www.

imdb.com/ti

tle/tt011879

9

http://www.

imdb.com/ti

tle/tt011879

9

e1

Life is 

beautiful

name

film/

film

type

http://www.

imdb.com/ti

tle/tt011879

9

source_url

e2
director

Roberto 

Benigni

name



e3 name “Brad Pitt”:EN.

e3 type film.actor.

e3 type film.director.

e2 source_url

http://www.imdb.com/title/tt0118799.

e2 source_url

http://movies.msn.com/movies/movie/life-

is-beautiful.1/. http://www.

imdb.com/ti

tle/tt011879

9

http://www.

imdb.com/ti

tle/tt011879

9

e1

Life is 

beautiful

name

film/

film

type

http://www.

imdb.com/ti

tle/tt011879

9

source_url

e2
director

Roberto 

Benigni

name



11.5.2013 Freebase

# of domains 92

# of types ~2 K

# of relations ~5 K

# of entities ~37 M

# of triples ~683 M



SELECT ?dname WHERE {

?movie name “Life is beautiful”.

?movie director ?director.

?director name ?dname.

}

http://www.

imdb.com/ti

tle/tt011879

9

http://www.

imdb.com/ti

tle/tt011879

9

e1

Life is 

beautiful

name

film/f

ilm

type

http://www.

imdb.com/ti

tle/tt011879

9

source_url

e2
director

Roberto 

Benigni

name



SELECT ?dname WHERE {

?movie name “Life is beautiful”.

?movie director ?director.

?director name ?dname.

}

http://www.

imdb.com/ti

tle/tt011879

9

http://www.

imdb.com/ti

tle/tt011879

9

e1

Life is 

beautiful

name

film/f

ilm

type

http://www.

imdb.com/ti

tle/tt011879

9

source_url

e2
director

Roberto 

Benigni

name



SELECT ?dname WHERE {

?movie name “Life is beautiful”.

?movie director ?director.

?director name ?dname.

}

http://www.

imdb.com/ti

tle/tt011879

9

http://www.

imdb.com/ti

tle/tt011879

9

e1

Life is 

beautiful

name

film/f

ilm

type

http://www.

imdb.com/ti

tle/tt011879

9

source_url

e2
director

Roberto 

Benigni

name



Simplified SPARQL Query:

SELECT ?actor WHERE {

?movie name “Avatar”.

?movie performance ?perf.

?perf actor ?actor.

?perf character “Jake Sully”.

?movie release_date “2010”.

?movie award “Oscar”.

}

Nodes whose values were 

observed

Nodes questioned in user’s last 

utterance

Internal Nodes

Jake Sully2010Oscar

Award Release_date

Performance

Character

ActorAvatar



Simplified SPARQL Query:

SELECT ?actor WHERE {

?movie name “Avatar”.

?movie performance ?perf.

?perf actor ?actor.

?perf character “Jake Sully”.

?movie release_date “2010”.

?movie award “Oscar”.

}

Nodes whose values were 

observed

Nodes questioned in user’s last 

utterance

Internal Nodes

Jake Sully2010Oscar

Award Release_date

Performance

Character

Actor

Grace

Simplified SPARQL Query:

SELECT ?actor WHERE {

?movie name “Avatar”.

?movie performance ?perf.

?perf actor ?actor.

?perf character “Grace”.

?movie release_date “2010”.

?movie award “Oscar”.

}

Override slot value

Avatar



Nodes whose values were 

observed

Nodes questioned in user’s last 

utterance

Internal Nodes

Jake Sully2010Oscar

Award Release_date

Performance

Character

Actor

Domain Switch

Avatar



Director

Genre

Nodes whose values were 

observed

Nodes questioned in user’s last 

utterance

James 

Cameron

action
Simplified SPARQL Query:

SELECT ?movie WHERE {

?movie director “James Cameron”.

?movie genre “Action”.

}



Simplified SPARQL Query:

SELECT ?movie WHERE {

?movie director “James Cameron”.

?movie genre “Action”.

?movie release_date “2010”.

}

Director

Genre

Nodes whose values were 

observed

Nodes questioned in user’s last 

utterance

James 

Cameron

action

2010

Release_date

Add another constraint



Simplified SPARQL Query:

SELECT ?actor WHERE {

?movie name “Avatar”.

?movie directed_by ?director.

?movie release_date “2010”.

?movie award “Oscar”.

}

Nodes whose values were 

observed

Nodes questioned in user’s last 

utterance

2010Oscar

Award Release_date

Directed_by



Nodes whose values were 

observed

Nodes questioned in user’s 

utterance

2010Oscar

Award Release_date

Directed_by
James Cameron



Nodes whose values were 

observed

Nodes questioned in user’s last 

utterance

2010Oscar

Award Release_date

Directed_by James Cameron

Born_on

Trace the path!



Simplified SPARQL Query:

SELECT COUNT(?movie) AS ?count WHERE {

?movie performance ?perf.

?perf actor ?actor.

?movie directed_by “Woody Allen”.

}

Nodes whose values were 

observed

Nodes questioned in user’s last 

utterance

Internal Nodes

Woody Allen

Directed_by

Performance Actor







Sample from the relevant part 

of the knowledge graph: 

Life is 

beautiful Director

1997

Roberto 

Benigni

Release_Date

drama

Genre

Show me movies by Roberto Benigni Who directed Life is Beautiful?

?movie

SELECT ?movie WHERE

{

?movie Director “Roberto Benigni”.

} 

SELECT ?director WHERE

{

“Life is Beautiful” Director ?director.

} 

Sample user utterances:

Corresponding 

relation on the 

knowledge graph

Request in SPARQL 

(simplified for 

demonstration):

Roberto 

BenigniDirector

Life is 

beautiful ?director
Director

Request in logical 

form (simplified):
λx.Ǝy.y=”Life is beautiful” Λ Director(x,y)λy.Ǝx.x=”Roberto Benigni” Λ

Director(x,y)



Life is 

beautiful Director

1997

Roberto 

Benigni

Release_Date

drama

Genre

Who directed Life is Beautiful?Who directed Life is Beautiful?



Example user utterances: Intents Slots relations

Who directed Avatar Find_director Movie_name Director,  mname

Show movies James Cameron 

directed

Find_movie Director_name Director,

dname

Find me some action movies Find_movie Genre genre

Did James Cameron direct Avatar Find_movie/

Find_director?

Director_name, 

Movie_name

Director,dname, 

mname



Jake Sully2010Oscar

Award Release_date

Performance

Character

Actor

Grace

Avatar



More details in:

• Dilek Hakkani-Tur, Gokhan Tur, Larry Heck, Ashley Fidler, and Asli Celikyilmaz, A Discriminative 

Classification-Based Approach to Information State Updates for a Multi-Domain Dialog System, 

Proc. Interspeech, September 2012











was also born in





• Visual
• Passive:  content displayed to user provides context for conversation

and anchor points (entities) to KG

• Active: multi-modal interaction with KG entity(ies) through display

• Dialog
Coherence (topic, speaker, etc.) of multi-turn conversations

• Personal
Personal KG (spouse, profession, etc.), historical 
interactions, preferences

• Location (Geo)
Current location influences conversational interactions

• Time/Day/Season
Conversational topics related to the moment in time 

Other Screens:

   

Send e-mail to 

Larry about the 

demo

Look for Portlandia

clips on hulu

Which ones 

have Tina Fey?

OK, funny movies

Show me 

funny movies

How about  

places with 

outdoor 

dining?

Kinect 
Skeletal Tracking

Got it, with Tina 

Fey that are funny

Play Date 

Night

Personal Assistant for Phones

Wake me up 

tomorrow at 6



• Visual
• Passive:  content displayed to user provides context for conversation

and anchor points (entities) to KG

• Active: multi-modal interaction with KG entity(ies) through display

• Dialog
Coherence (topic, speaker, etc.) of multi-turn conversations

• Personal
Personal KG (spouse, profession, etc.), historical 
interactions, preferences

• Location (Geo)
Current location influences conversational interactions

• Time/Day/Season
Conversational topics related to the moment in time 

Other Screens:

   

Send e-mail to 

Larry about the 

demo

Look for Portlandia

clips on hulu

Which ones 

have Tina Fey?

OK, funny movies

Show me 

funny movies

How about  

places with 

outdoor 

dining?

Kinect 
Skeletal Tracking

Got it, with Tina 

Fey that are funny

Play Date 

Night

Personal Assistant for Phones

Wake me up 

tomorrow at 6



Browse

“family friendly ones”



Entity Collection Page App

SCOPING

Navigate

Browse

Informational

Transactional

IN
TE

N
T

C
LA

SS



Navigate

Browse

Informational

Transactional

Entity Collection Page App

IN
TE

N
T

C
LA

SS

SCOPING

Navigate to 
entity homepage

Recommend 
related 

entities/content 
(more like this)

Factoid and List 
questions

Perform action 
on entity

(e.g., book a 
table for two)

---

Filter/Expand 
collection

Comparative 
questions 

(e.g., best, top-k)

Perform action 
on a collection

(e.g., share, 
compare)

Navigate 
hyperlinks

Recommend 
content 

(more like this)

Page domain 
questions.

(e.g., “Will it rain 
today?”)

Generic actions 
such as “share 

page”, or explicit 
page actions 

Navigate 
menu/options

Recommend 
apps 

(more like this)

App domain 
questions.

(e.g., “Will it rain 
today?”)

Deep links to app 
functionalities 



Pivot on Knowledge



• Visual
• Passive:  content displayed to user provides context for conversation

and anchor points (entities) to KG

• Active: multi-modal interaction with KG entity(ies) through display

• Dialog
Coherence (topic, speaker, etc.) of multi-turn conversations

• Personal
Personal KG (spouse, profession, etc.), historical 
interactions, preferences

• Location (Geo)
Current location influences conversational interactions

• Time/Day/Season
Conversational topics related to the moment in time 

Other Screens:

   

Send e-mail to 

Larry about the 

demo

Look for Portlandia

clips on hulu

Which ones 

have Tina Fey?

OK, funny movies

Show me 

funny movies

How about  

places with 

outdoor 

dining?

Kinect 
Skeletal Tracking

Got it, with Tina 

Fey that are funny

Play Date 

Night

Personal Assistant for Phones

Wake me up 

tomorrow at 6



Knowledge



Idea:  leverage Web (IE) session data combined with Knowledge Graphs

Web search & browse      Conversations/dialog

Massive volume of interactions >100M queries/day, Millions of users

Coverage of user interactions is high (broad domains across the web)



New Approach

λ
1

λ
2

λ
4

λ
3

λ
5

λ
7

λ
6

λ
8

λ
9

Goal 1: Q 4s RL 1s SR 53s SR 118s END

Goal 2: Q 3s  Q  5s SR 10s AD 44s  END

Goal 3: Q 4s RL 1s SR 53s SR 118s END

Goal 4: Q 3s  Q  5s SR 10s AD 44s  END

………………………………………..

Goal n:  Q 4s RL 1s SR 53s SR 118s 

END

Goal n-1: Q 3s  Q  5s SR 10s AD 44s  

END

λ
1

λ
2

λ
4

λ
3

λ
5

λ
7

λ
6

λ
8

λ
9

Goal 1: Q 4s RL 1s SR 53s SR 118s END

Goal 2: Q 3s  Q  5s SR 10s AD 44s  END

Goal 3: Q 4s RL 1s SR 53s SR 118s END

Goal 4: Q 3s  Q  5s SR 10s AD 44s  END

………………………………………..

Goal n:  Q 4s RL 1s SR 53s SR 118s 

END

Goal n-1: Q 3s  Q  5s SR 10s AD 44s  

END

Successful Dialogs

Unsuccessful Dialogs

multi-turn spoken dialog models Knowledge Graph traversal paths



> 18% (rel.)

1st method to directly leverage web browse patterns & knowledge graphs to bootstrap spoken dialog models



• Learning Entity Extraction and Relation Detection from Data Linked to Knowledge Graphs

• Introducing Weights to the Knowledge Graph (special case: entity types)

• Deep Learning from Knowledge Graphs



November 2012 release contains:

~ 37M entities

~ 683M relations

and is growing...

directed_by

release_date

directed_byrelease_date

awarded

awarded

nationality

starring

Knowledge Graph



“Life is beautiful” and “Roberto Benigni”

“Titanic” and “James Cameron”

...

Movie-Director search queries:

Search

Results

Italy's rubber-faced funnyman Roberto Benigni accomplishes ...

Life Is Beautiful is a 1997 Italian film which tells the story of a ...

Titanic is a 1997 American film directed by James Cameron...

James Cameron directed Titanic and he did the best job you...

…

NL

Patterns

Movie-name directed by Director-name

Director-name’s Movie-name

Director-name directed Movie-name

...

November 2012 release contains:

~ 37M entities

~ 683M relations

and is growing...

directed_by

release_date

directed_byrelease_date

awarded

awarded

nationality

starring

Knowledge Graph

Web Search

1

• Search for all pairs of entities 

connected by the same 

relation

[Ravichandran& Hovy, 2002]

• Extract relation patterns from 

these



Microsoft has 130,000 employees

Avatar is an action movie



More details in:

• Dilek Hakkani-Tur, Larry Heck, and Gokhan Tur, Using a Knowledge Graph and 

Query Click Logs for Unsupervised Learning of Relation Detection, IEEE 

ICASSP, May 2013.

Director-name Movie-name

Director-name Movie-name

Movie-name Director-name

Actor-name and Movie-name

Movie-name in Movie-location

Movie-name in Movie-release-date

Movie-name was released in Movie-release-date







Micro-F Targeted 
Macro-F

Majority Class 20.3% 4.2%

Full Snippets 42.5% 55.1%

Patterns from Snippets 44.1% 58.0%

Patterns from Snippets (1 iter) 45.2% 59.6%

Search Queries 31.6% 40.6%

Search Queries (1 iter) 34.7% 43.2%

Combination (upper bound) 50.2% 62.7%

Combination (weighted voting) 45.5% 59.9%

Supervised 47.6% 59.3%

Evaluation:

Micro-F: F-measure for all 

20 categories (remaining 

13 categories are not 

captured with 

unsupervised methods)

Targeted Macro-F: 

Macro-averaged F-

measure for 7 relations. 





November 2012 release contains:

~ 37M entities

~ 683M relations

and is growing...

directed_by

release_date

directed_byrelease_date

awarded

awarded

nationality

starring

Wikipedia
& other document sources

Knowledge Graph

• Transfer labels from the 

knowledge graph to 

documents

More details in:

• Larry Heck, Dilek Hakkani-Tur, and Gokhan Tur, Leveraging Knowledge Graphs for 

Web-Scale Unsupervised Semantic Parsing, Proc. Interspeech, August 2013.

2



Procedure

Style Adaptation

Modeling Relations for Semantic Parsing



Titanic

Director

Release Year

Award

Oscar, 

Best 

director
1997

James 

Cameron

Kate 

Winslet

Drama

Genre

Step #1:  Select starting node in graph (entity type)

Titanic

“Central Pivot Node (CPN)”
http://www.freebase.com/m/0dr_4

Starring

http://www.freebase.com/m/0dr_4


Step #2: Get Sources of NL Surface Forms

Titanic

Director

Release Year

Award

Oscar, 

Best 

director
1997

James 

Cameron

Kate 

Winslet

Drama

Genre

Titanic

Starring

Freebase links entities to 
NL Surface forms:

◦ Wikipedia

◦ MusicBrainz

◦ IMDB

◦ And many more…



Step #3:  Annotate with 1st Order Relations

Titanic

Director

Release Year

Award

Oscar, 

Best 

director
1997

James 

Cameron

Kate 

Winslet

Starring

Drama

Genre

Titanic

Titanic B-film_name

stars O

Leonardo B-film_starring

Dicaprio I-film_starring

and O

Kate B-film_starring

Winslet I-film_starring

as O

… …



Titanic
Titanic

Titanic

Explore “depth” of 
entity-type

 large entity lists             
(gazetteers)

Step #4:  Instantiate All Entities of CPN Type

Titanic

Director

Release Year

Award

Oscar, 

Best 

director
1997

James 

Cameron

Kate 

Winslet

Drama

Genre

Titanic

Starring

Titanic

Director

Release Year

2000

Philip

Kaufman

Geoffrey

Rush

Drama

Genre

Quills

Award

Oscar

Nominatio

n

Starring



Step #5:   Get 2nd Order Relations

Titanic

Director

Release Year

Award

Oscar, 

Best 

director
1997

James 

Cameron

Kate 

Winslet

Starring

Drama

Genre

Titanic

Canada

Nationality

Director
James 

Cameron

Knowledge graph “compositionality”

◦ Entity-relation templates (grammars) can be 
composed 

Ten most frequently occurring templates among entity-
based queries  (Pound et al., CIKM’12)



Canada

Nationality

Director

Release Year

Award

Oscar, 

Best 

director
1997

James 

Cameron

Kate 

Winslet

Drama

Genre

Titanic

• Select new central pivot node

• Repeat steps #1-5

• Crawl graph until complete

Step #6:   Select New CPN and Repeat (Crawl Graph)

James

Cameron

“Central Pivot Node”

Starring





Movie Actor Genre Director All

Supervised
CRF Lexical + Gazetteers 51.25% 86.29% 93.26% 64.86% 66.53%

CRF Lexical only 46.44% 80.22% 92.83% 52.94% 61.72%

Unsupervised
Gazetteers only 69.69% 50.70% 15.76% 2.63% 51.14%

CRF Lexical only 0.19% 9.67% 0.00% 62.83% 5.61%

+ Gazetteers 1.96% 72.35% 4.73% 79.03% 31.94%

Movie Actor Genre Director All

45.15% 82.56% 88.58% 58.59% 60.96%

39.21% 74.86% 86.21% 45.36% 54.10%

59.66% 47.78% 11.80% 2.82% 43.88%

0.20% 9.67% 0.00% 57.14% 5.27%

1.74% 69.76% 3.57% 75.00% 30.77%

Manual Transcriptions ASR Output



Procedure

• Unsupervised Data Mining with Knowledge Graphs

• 6 step procedure

• Auto-annotated (unsupervised) data used to train 
SLU

• Modeling Relations for Semantic Parsing



Addressing Mismatch Problem



Addressing Mismatch Problem

Mined =  Wikipedia-Wikipedia

Control = Wikipedia-Netflix



Movie Actor Genre Director All

Supervised
CRF Lexical + Gazetteers 51.25% 86.29% 93.26% 64.86% 66.53%

CRF Lexical only 46.44% 80.22% 92.83% 52.94% 61.72%

Unsupervised
Gazetteers only 69.69% 50.70% 15.76% 2.63% 51.14%

CRF Lexical only 0.19% 9.67% 0.00% 62.83% 5.61%

+ Gazetteers 1.96% 72.35% 4.73% 79.03% 31.94%

+ Adaptation 71.72% 58.61% 29.55% 77.42% 60.38%

Movie Actor Genre Director All

45.15% 82.56% 88.58% 58.59% 60.96%

39.21% 74.86% 86.21% 45.36% 54.10%

59.66% 47.78% 11.80% 2.82% 43.88%

0.20% 9.67% 0.00% 57.14% 5.27%

1.74% 69.76% 3.57% 75.00% 30.77%

55.74% 62.70% 30.95% 73.21% 54.69%

Manual Transcriptions ASR Output



Procedure

• Unsupervised Data Mining with Knowledge Graphs

• 6 step procedure

• Auto-annotated (unsupervised) data used to train 
SLU

• Style Adaptation



Semantic Templates

EntityEntity

Relation



Semantic Templates

Ten most frequently occurring templates among entity-
based queries  (Pound et al., CIKM’12)

Extracted entities provide foundation for higher-level (grammatical) structure 
◦ Leverage our prior work* to identify entity-relation patterns

◦ Induce grammars from templates

◦ “Repair” missing entities (e.g., “show me movies with ______”)

* Dilek Hakkani-Tur, Larry Heck, and Gokhan Tur, Using a Knowledge Graph and Query Click Logs for Unsupervised Learning of Relation Detection, 

ICASSP 2013

http://research.microsoft.com/apps/pubs/default.aspx?id=185271


Movie Actor Genre Director All

Supervised
CRF Lexical + Gazetteers 51.25% 86.29% 93.26% 64.86% 66.53%

CRF Lexical only 46.44% 80.22% 92.83% 52.94% 61.72%

Unsupervised
Gazetteers only 69.69% 50.70% 15.76% 2.63% 51.14%

CRF Lexical only 0.19% 9.67% 0.00% 62.83% 5.61%

+ Gazetteers 1.96% 72.35% 4.73% 79.03% 31.94%

+ Adaptation 71.72% 58.61% 29.55% 77.42% 60.38%

+ Relations 84.62% 61.02%

Movie Actor Genre Director All

45.15% 82.56% 88.58% 58.59% 60.96%

39.21% 74.86% 86.21% 45.36% 54.10%

59.66% 47.78% 11.80% 2.82% 43.88%

0.20% 9.67% 0.00% 57.14% 5.27%

1.74% 69.76% 3.57% 75.00% 30.77%

55.74% 62.70% 30.95% 73.21% 54.69%

80.67% 55.40%

Manual Transcriptions ASR Output



November 2012 release contains:

~ 37M entities

~ 683M relations

and is growing...

directed_by

release_date

directed_byrelease_date

awarded

awarded

nationality

starring

Query Click Logs

Search Queries URLs
clicks

Who directed the movie Life is beautiful

Director of Life is beautiful

...

Knowledge Graph

More details in:

• Gokhan Tur, Minwoo Jeong, Ye-Yi Wang, Dilek Hakkani-Tur, and Larry Heck, Exploiting 

the Semantic Web for Unsupervised Natural Language Semantic Parsing, in Proc. 

Interspeech, September 2012.

• Dilek Hakkani-Tur, Larry Heck, and Gokhan Tur, Using a Knowledge Graph and Query 

Click Logs for Unsupervised Learning of Relation Detection, IEEE ICASSP, May 2013.

3

• Find queries whose users 

clicked on URLs found in 

steps 1 and 2

• Transfer labels from the 

graph to these queries



URLs

clicks

Query Logs

Search Queries KG entities



<restaurant parse=“wild ginger restaurant in 
seattle wa">

<name start="0" end="2">wild ginger</name>
<city start="4" end="5">seattle</city>
<state start="5" end="6">wa</state>

</restaurant>

+

AutoLabel

automatically annotated query

Id Name City State

r_1_3671 wild ginger seattle washington

wild ginger restaurant in seattle wa

structured document

query log

Harvesting Entities from Structured Documents 

Semantic Parsing of Structured Web Pages

http://www.iconfinder.com/icondetails/40094/48/
http://www.iconfinder.com/icondetails/40094/48/


<movies parse=“full cast of hunger games with 
jennifer lawrence”>

<name>hunger games</name>
<actor>jennifer lawrence</actor>

</movies>

+

AutoLabel

automatically annotated query

full cast of hunger games with jennifer
lawrence

structured document

query log

Harvesting Entities from Structured Documents 

Semantic Parsing of Structured Web Pages

Id Movie Name Director Genre

1392170 the hunger 
games

gary ross action; drama; 
sci-fi; thriller

http://www.iconfinder.com/icondetails/40094/48/
http://www.iconfinder.com/icondetails/40094/48/


Movie Name Actor Name All Slots

Supervised 55.22% 81.25% 64.26%

All 38.39% 89.13% 48.94%

NL-Like 47.94% 84.26% 57.73%



Movie Name Actor Name All Slots

Supervised 55.22% 81.25% 64.26%

All 38.39% 89.13% 48.94%

NL-Like 47.94% 84.26% 57.73%

NL-Like + Unlabeled Set 50.21% 85.47% 60.03%



1

“Life is beautiful” and “Roberto Benigni”

“Titanic” and “James Cameron”

...

Movie-Director search queries:

Search

Results

Italy's rubber-faced funnyman Roberto Benigni accomplishes ...

Life Is Beautiful is a 1997 Italian film which tells the story of a ...

Titanic is a 1997 American film directed by James Cameron...

James Cameron directed Titanic and he did the best job you...

…

NL

Patterns

Movie-name directed by Director-name

Director-name’s Movie-name

Director-name directed Movie-name

...

November 2012 release contains:

~ 37M entities

~ 683M relations

and is growing...

directed_by

release_date

directed_byrelease_date

awarded

awarded

nationality

starring

Query Click Logs

Search Queries URLs
clicks

Who directed the movie Life is beautiful

Director of Life is beautiful

...

Wikipedia
& other document sources

Knowledge Graph

Web Search

Data & features for training 

statistical CU models

“Show me movies by 

Roberto Benigni”
“Who directed Life is Beautiful?”

?movie

SELECT ?movie

{

?movie directed_by “Roberto                                  

Benigni”.

} 

SELECT ?director

{

“Life is Beautiful” directed_by 

?director.

} 

Sample user 

utterances:

Corresponding 

relation on the 

knowledge 

graph

User request in 

query language

Roberto 

Benigni
directed_by

Life is 

beautiful ?director

directed_by

User request in 

logical form

λx.Ǝy.y=”Life is beautiful” Λ

directed_by(x,y)

λy.Ǝx.x=”Roberto Benigni” Λ

directed_by(x,y)

2

3



• Learning Entity Extraction and Relation Detection from Data Linked to Knowledge Graphs

• New Intent Discovery

• Introducing Weights to the Knowledge Graph (special case: entity types)

• Deep Learning from Knowledge Graphs



U2: Play this movie.

Nodes whose values were 

observed

Nodes questioned in user’s last 

utterance

Internal Nodes

Jake Sully2010Oscar

Award Release_date

Performance

Character

ActorAvatar



• Information captured in the KG may not always be sufficient for 

conversational understanding, especially for transactional intents.

• Automatically capture and tag semantic information that includes new

user intents and related concepts in real human-machine dialogs.

• Search query click logs [LinEtAl, 2012]

MOVIE
Director

DATE

PERSON

Release_Date

GENRE

Genre

PLAY

SHOW_TRAILER









• Motivation: Users type in a query and click on a link, 

both of which are related to their intent.

• A novel Bayesian hierarchical model that can exploit 

what is already known during training.

[HakkaniTurEtAl, 2013]





• Outcome: latent intent clusters

• Used to enrich relation detection models to integrate 

new intents.

More details in:

Dilek Hakkani-Tur, Asli Celikyilmaz, Larry Heck, and Gokhan Tur, A Weakly-Supervised Approach for 

Discovering New User Intents from Search Query Logs, Proc. Interspeech, August 2013

Movie reviews

Movie theater

Play movie

Movie trailer

…





Model Dev Test

MF-

known

MF-new MF-

known

MF-new

Bootstrap 52.1% 11.7% 48.0% 12.0%

CIM 52.6% 36.7% 49.1% 36.9%

Crowd-Sup. 42.7% 39.4% 45.5% 42.1%

• MF-{known, new}:macro-averaged per class F-measure for previously 

known and newly discovered intent categories.

• CIM includes labels from the bootstrap models as automatic supervision. 

• In CIM, word sequences corresponding to entities in a gazetteer were 

canonicalized by replacing them with the entity type.





• Learning Entity Extraction and Relation Detection from Data Linked to Knowledge Graphs

• Introducing Weights to the Knowledge Graph (special case: entity types)

• Deep Learning from Knowledge Graphs



James 

Cameron

Actor

.

.

.

.

.

.

25 movies 

5 movies 

.

.

.

.

.

.

29 movies 

22 movies 

• Knowledge in the graph is not probabilistic.





James 

Cameron

Actor

.

..

.

..

25 movies 

5 movies 

.

..

.

..

29 movies 

22 movies 
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z1 zs zK… …
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Seeded LDA

… …
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α

θ

z

w ϕ

β

N
M

K

LDA

[HakkaniTurEtAl, 2014]



Query Statistics Training Test

No. with SPARQL

annotations

3,338 1,086

% with no relation 

(i.e. entity only)

10.1% 9.1%

% with 1 relation 70.4% 69.2%

% with 2 relations 10.2% 10.7%

% with 3 or more relations 1% 1.6%

% not covered by Freebase 8.3% 9.4%

Statistics different than the 
one for web search queries, 
where close to half of the 
queries include a single 
entity [PoundEtAl, 2012].

 Data: http://research.microsoft.com/en-
us/projects/kgandld4cu/

http://research.microsoft.com/en-us/projects/kgandld4cu/


Number of 

examples in the 

training set

68

70

72

74

76

78

80

82

84

86

400 800 1600 2400 3338

Relation Detection F-Measure

NO-DICT UNWEIGHTED KG-WEIGHTED SLDA-WIKI



• Learning Entity Extraction and Relation Detection from Data Linked to Knowledge Graphs

• Introducing Weights to the Knowledge Graph (special case: entity types)

• Deep Learning from Knowledge Graphs



Transforming knowledge into deep neural representations



• Embedding model for open domain semantic parsing

• Unsupervised training (complete Wikipedia corpus), Large-Scale KG (Freebase)

• State-of-the-art entity disambiguation for Twitter Wikification task (26% error rate reduction) 



Deep Learning from Knowledge Graphs (DLKG)    Huang and Heck, MSR-TR-2014-108, 2014

ei

300

50K

300

300

Word Hashing

Deep non-linear 

projections

Semantic space

500K

Word HashingDeep Structured Semantic 

Models (DSSM)
Huang, Gao, He, Deng, Acero, Heck (2013)

P(ei Rij ej )

300

50K

300

300

500K

ej

Titanic
Director

Release Year

Award

Oscar, Best 

director 1997

James 

Cameron

Kate 

Winslet

Drama

Genre

Titanic

Starring
Titanic

Titanic
Director

Spouse

Awards

Oscar, Best 

director
Suzi Amis

Titanic

Canada

Birthplace

James

Cameron



Knowledge Representation Example

Description Letter tri-gram

vector

dog = <#do, dog, og#>

<0,…,1,1,…,0,1,…,0>

Entity Type 1-of-V vector <0,….,0,…,1,…,0,…>

Subgraph 1-of-V vector for 

relation

Letter tri-gram for 

entities
Titanic

Director

Release Year

Award

Oscar, Best 

director 1997

James 

Cameron

Kate 

Winslet

Drama

Genre

Titanic

Starring



Disambiguate mentions
entities

• A mention

• An entity

At a WH briefing here in Santiago, NSA spox 
Rhodes came with a litany of pushback on idea WH 
didn't consult with.



unsupervised

supervised



Method Error Rate

TagMe (unsupervised) 38.1%

Meiji (supervised) 31.6%



Method Error Rate

TagMe (unsupervised) 38.1%

Meiji (supervised) 31.6%

DLKG:  Sub-graph (2nd Order Entities) 31.8%

+ Sub-graph (Relations) 30.0%

+ Entity Type (e.g., movie) 29.1%

+ Description (Wikipedia article) 28.1%

For more details, see: Huang and Heck, MSR-TR-2014-108, 2014

Titanic

Director

Release Year

Award

Oscar, Best 

director 1997

James 

Cameron

Kate 

Winslet

Drama

Genre

Titanic

Starring

26.2% error rate reduction over TagMe

(unsupervised, best reported accuracy)
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