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Knowledge Graph Example for 2 Movies

Entity name “Robin Wright”
' name
starring mid127 “Robin Wright Penn”
name
name . « B 2= =Y
starring
_ name
type directed_by mid128 “Tom Hanks”
type birth_date @
( “Larry Crowne”
name name
starring mid129 “Julia Roberts”
Entity type
type

Relationship
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Knowledge Graph in Search

Tom Hanks » Movies

tom hanks

Tom
Hanks

Forrest

& Gump catchme !
= = if you can’
5 =

. w
Forrest Gump Cast Away Saving Captain Toy Story Catch Me If Apollo 13
1994 2000 Private Ryan Phillips 1995 You Can 1995
1998 2013 2002

List of Tom Hanks performances - Wikipedia

https://en.wikipedia.org/wiki/List_of_Tom_Hanks_performances v
Jump to Film - The Simpsons Movie, 2007, Yes, Himself, Cameo Voice role. Mamma Mia! 2008, Yes, —,

Executive producer. City of Ember, 2008, Yes, —. TO m H a n kS <

A Hologram for the King (film) - Big (film) - Larry Crowne - He Knows You're Alone
American actor

Tom Hanks (@tomhanks) - Twitter
https://twitter.com/tomhanks W

Thomas Jeffrey Hanks is an American actor and filmmaker. He is known
for his various comedic and dramatic film roles, including Splash, Big,

And don’t miss this Beware! Crass self-serving Lost (g)love. Looking for a ; : el
songstress at the famous Social Media Post! This book mate. Good luck. Hanx. Tumer.& Hooch, A League of Their fwn; Sleplessiin Seatsis, .. Wikipedia
Cafe Carlyle. Through goes on sale tomorrow! Hanx pic.twitter.com/ApH7rEG... Born: July 9, 1956 (age 61), Concord, CA

Saturday nite! Hanx pic.twitter.com/V2EqPKL... Awards: Academy Award for Best Actor, MORE

@RitaWilson - >

pic.twitter.com/J70XJbf... Spouse: Rita Wilson (m. 1988), Samantha Lewes (m. 1978-1987)

. ) ) TV shows: Bosom Buddies, Celebrity Jeopardy!, MORE
12 hours ago - Twitter 16 hours ago - Twitter 1 day ago - Twitter
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Knowledge Graph in Personal Assistant

onf Taylor Swift > Songs
Love Story )
Fearless - 2008
Look What You Made Me...
Reputation - 2017

Shake It Off
1989 - 2014

Delicate
Reputation - 2017
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Product Graph

IMission: To answer any question about products and
related knowledge in the world

Product amazon
Knowledge

Departments Your Amazon.com 12 Days of Deals Gift Cards Registry Sell Help

Customers who bought this item also bought

; Prime Day?
Engagement Experience &2
Cars 3 Playland with 20 Step2 Push Around Sport  GOOD NIGHT, LIGHTNIN
Balls Playset Buggy » RH Disney
Wil iryryy 3 Wiy 18 Wil i’y 299
$28.55 vprime $49.99 vprime Board book

$7.70 vprime
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Product Graph vs. Knowledge Graph

(A) (B) (C)

Generic KG Generic KG

Generic KG




Product Graph vs. Knowledge Graph
(D)
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Knowledge Graph Example for 2 Movies

name “Robin Wright”
' name
starring mid127 “Robin Wright Penn”
name
name . « B 2= =Y
starring
_ name
directed_by mid128 “Tom Hanks”
type birth_date w
name
. name
starring mid129 “Julia Roberts”
type
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Product Graph vs. Knowledge Graph

[

. name
name starring mid127 “Robin Wright Penn”
name
B A
starring
_ name
directed_by mid128 “Tom Hanks”
- mid129 name . ,
name starring Julia Roberts
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Product Graph vs. Knowledge Graph

“Robin Wright Penn”

name starring

i

name
"B R
starring
name
directed_by “Tom Hanks”
product
. birth_date @
product
name

product

starring “Julia Roberts”

name

“Larry Crowne”
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Another Example of Product Graph
w@m@@
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Knowledge Graph vs. Product Graph
(A) (B) (A4

Generic KG

Generic KG

Generic KG

(Hardline, softline,
consumables, etc.)




Generic KG

Product
Graph

But, Is The Problem Harder?
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Challenges in Building Product Graph |

—INo major sources to curate product knowledge from
JWikipedia does not help too much

JA lot of structured data buried in text descriptions in Catalog

JIRetailers gaming with the system so noisy data




Challenges in Building Product Graph I

_ILarge number of new products everyday

ICuration is impossible

JIFreshness is a big challenge
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Challenges in Building Product Graph [l

—ILarge number of product categories

JA lot of work to manually define ontology

JHard to catch the trend of new product categories and
properties
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Challenges in Building Product Graph [V

—IMany entities are not named entities
INamed Entity Recognition does not apply

INew challenges for extraction, linking, and search
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A 100-Year Project
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Our Solution:
Building a Broad Graph
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A Broad & Shallow Version of the Same Graph

Od . L
Detergent o Tide No Detergent
remover

Tide Plus Feb...

type function
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Design Principles for Broad Graph

_IStart simple
Bi-partite graph

ICore types and relationships

1Grow and clean the graph in a pay-as-you-go fashion
J1Ontology: user log analysis, web extraction
IData: product profile extraction, web extraction

ICleaning
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Input and Output of Broad Graph

INPUT OUTPUT

1. A given vertical 1. Ontology

Hard work .
2. Amazon Eco System =) and fun =) 2. Broad Graph

3. Comprehensive
quality metrics

3. Semi-structured Web

subject to: hard_work < fun
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Stages in Building a Broad Graph

Stage 1
amazon

o33

Ingestion >
Coverage: 4X

Stage 2a | OpenTag text extraction>
[Zheng et al., KDD’'18]

Size: +7%, predicates: +10%, ExtAccu: 99%
Stage 2b | Ceres web extraction

AT Lockard et al., VLDB’18
WWW [ ]
Accu: +6%
Stage 3 Cleaning >



)

Stage 2a | OpenTag text extraction
[Zheng et al., KDD’'18]

aaaaaa

Coverage: 4X

ATH

WWW
{7
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Stage 2a. OpenTag Extraction from Tigraph §
Product Profiles [kpD'18]

name form scent

Tide Detergent with Febreze Freshness

Gain Apple Mango Tango Liquid Laundry Detergent

Gain Joyful Expression Powder Detergent

Tide PODS Original Scent HE Turbo Laundry Detergent Pacs
81-load Tub

Tide PODS Free & Gentle HE Turbo Laundry Detergent Pacs
35-load Bag
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Stage 2a. OpenTag Extraction from Tagraph §
Product Profiles [kpD'18]

9 Beginning of attribute value x={w,,w,,...,W,} input sequence
0 Inside of attribute value V={t1;t2;--o;§n} tagging decision
@ Outside of attribute value -

AL G End of attribute value

)

\36 {beef meal}‘* Flavor Extractions ——— {ranch raise Iamb}
O

g

A
\élo beef meal ranch raised lamb recipe X-




Stage 2a. OpenTag Extraction from E5repn o
Product Profiles [kpD'18]
: o
CRF
r A A2 Az As
Attention
Bi-LSTM

Word Embedding
L
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Stage 2a. OpenTag Extraction from Tagraph §
Product Profiles [kpD'18]

0.90 | 0.90 Unknown Random
BiLSTM [ ] BILSTM_‘CRF [ ] BILETM_A.tt_‘CRF values values
e 85.9% 36 3%
0.85 83.6% =21 83.6%
. 82.4%
B0, O, Bl.1%8L 2% .
0.80 | 801
0.75 751
0.70" — 0.70- -
Preciss Recall F-measure Precision Recall F-measure
(a)d t flavor from dog food title (b) Rand; alit V.S. Independent Split

Extraction on new values is comparable
to already known values

BiLSTM+CRF+Attention obtains best results
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Stage 2a. OpenTag Extraction from Tigraph §
Product Profiles [KDD'18]
1.0

—&— Precision —&— Recall

90.7%
0.9

0.8

With active learning, we can
obtain high precision and recall
3 89 using only 190 training labels

50 70 90 110 130 150 170 190

#Trainini labels




Stage 2a. OpenTag Extraction from HE O
Product Profiles [kpD'18]

Interpretability via attention
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Stages in Building a Broad Graph

)

amazon
~—

o33

)

Size: +7%, predicates: +10%, ExtScu: 99%

Stage 2b | Ceres web extraction

AN [Lockard et al., VLDB’18]

WWW
{7
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Stage 2b. Extracting Knowledge from =S
Semi-Structured Data on the Web

BMNE R BAEE AR (2000)
+ Top Gun (1986) SR FR EWTS
S T RE: M/ MEK MR/ BEE
+E: HiEE/ HER ETE S HE  SEE 7.9 166740 A 126
ST BN J RRYE /BN ) BRIR S i% B
S A ERABR: L7/ 8 1 EE/ REAR o e
EEREEEE 2B |z23%
| LEREEE: 2000-10-13(F ELALE) / 2000-05-16 12 04%

{ELARER 559} £ 2000-07-07( &8 / 2000-07-13
(FF )/ 2001-01-12{FE)

B 120 8

45 Crouching Tiger, Hidden Dragon
IMDbEEHE: 10190332

3 92% BiRR
13 90% =R

Watch Now ST o oy A A
From $2.99 (SD) on Amazon Video BnE g3 | OO
. - 5
; o i ¢ BEER S BT + RO =
As students at the United States Navy's elite fighte Aamir Khanis receiving rave reviews for Dangal. dai =N REE o¥YH
class, one daring young pilot learns a few things fr/
in the classroom. = | Ehﬁﬂﬁiﬁﬂqﬁﬂ%ﬁﬂ o
Dirsctoe ) Tony seott st , —RARFHA (DER%) TRHTEZE, EYIMNCHSE HRHN) SHRULE NS
Wehere lmComn, tack Erpe I | Lrmondl: W Cast: Aamir Khan, Sakshi Tanwar, Fa! - (ggys) g, FedmsEss (£74) SR, SEREES AR ERIATRRN, 15
Stars: Tom Cruise, Tim Robbins, Kelly MeGilis 15 Khurrana, Sanya Malhotra HEOTEEAEATRY, RBUS, SFRARNTEEMOHRRILE (HAES HED, WRETER
Metascore Reviews |\ Director: Nitesh Tiwari RS0 SF. MELARUSRURGERERS R (BN BU, BIAEERD, XATENEE
IDUMESOE L ) SRR G+ Rating: 4/5 &, ASEANFROBNTUAATHS, B05IS, ERRANEEISARDM...... O
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Stage 2b. Extracting Knowledge from &8s
Semi-Structured Data on the Web

—IKnowledge Vault @ Google showed big potential from
DOM-tree extraction [Dong et al., KDD’14][Dong et al., VLDB’14]

Accu | Accu(conf >.7) | 170M | ... [ Accu | Accu (conf > .7)
0.36 0.52 (301M) (1280M) 0.43 0.63
0.09 0.62

0.3M 1.5M
1.1M

(10M) 13K (145M)

) G N
-




Stage 2b. Extracting Knowledge from e
Semi-Structured Data on the Web

Title Genre Release Date

TRIVIA | USER REVIEWS | IMDbPro | MOR

Extracted relationships
Jlopistin (ase

SAFTTT I - (Top Gun, type.object.name, “Top Gun”)

Runtime

* (Top Gun, film.film.genre, Action)
* (Top Gun, film.film.directed_by, Tony Scott)
* (Top Gun, film.film.starring, Tom Cruise)

e (Top Gun, film.film.runtime, “1h 50min”)

Watch Now @
From $2.99 (SD) on Amazon Video

ON DISC

e (Top Gun, film.film.release Date_s, “16 May

V4
class, one daring young pilot learns a few things from a civilian instructor that are not taught 1 98 6
in the classroom.

. 4 i
Director: Tony Scott Dl re CtO r
Writers: Jim Cash, Jack Epps Jr. 1 more creV Acto rS

Stars: Tom Cruise, Tim Robbins, Kelly McGillis ~ See full cast & crew »

Metascore Reviews W Popularity
From metacritic.com 401 user 173 critic 404 (¢ 71)
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Stage 2b. Extracting Knowledge from %=
Semi-Structured Data on the Web

FULL C, W | TRIVIA U L REVIEWS 0 MORE

+ Star Wars: The Last * 7.3

Jedi (017

FULL CAST AND CREW TRIVIA USER REVIEWS IMDbPro MORE

+ Central Station (199s) * 8.0

Central do Brasil (original title)
R 1h 53min Drama 20 November 1998 (USA)

gENTRAL
TATION

- LE=

f
Kt
si'| i TR -  Hamil

g | OnDisc o ey See full c

at Amazon

Luke Skywalker, who is unsettled by the strength of her powers.
Meanwhile, the Resistance prepares for battle with the First Order.

s (based on characters

created by)

An emotive journey of a former school teacher, who writes letters for illiterate people, and a
young boy, whose mother has just died, as they search for the father he never knew.

Popularity
Director: | Walter Salles metacritic.com 5 er critic 84 (= )

Writers: Marcos Bernstein, Jodo Emanuel Carneiro | 1 more credit »
Stars: Fernanda Montenegro, Vinicius de Oliveira, Marilia Péra | See full cast & crew »

ch N
Metascore D iaay (P s B T B sl i R
From metaq




Stage 2b. Extracting Knowledge from B
emi-Structured Data on the Web

FULL CAST AND CREW TRIVIA USER REVIEWS IMDbPro MORE

+ Central Station (199s) * 8.0

Central do Brasil (original title)
R 1h 53min Drama 20 November 1998 (USA)

IMDbPro

The Fog of War: Eleven Lessons from o 8.2
the Life of Robert S. s
McNamara (2003)

PG-13 ni ary

N L

*IF THERE IS ONE
BE STUDEED BY s

TATION '

{ ®

- OF WAR
AT OF FORMER UNITTED SINTES
DEFENSE SECRETARY, ROBERT S MONAMARA®

THE FOG

‘(n OF WAR
- An Krrol Morris Film
Traileg 1 VIDEO
On Disc - @
at Amazon p[tijme Watch Now @
video s %
~ | From $2.99 (SD) on Prime Video e
An emotive journey of a former school teacher, who writes letters for illiterate people, and a

young boy, whose mother has just died, as they search for the father he never knew.

The story of America as seen through the eyes of the former Secretary of Defense under

Director: Walter Sallec President John F. Kennedy and President Lyndon Johnson, Robert McNamara.

Writers: | Marcos Bernstein§Jodo Emanuel Carneiro 1 more credit »
Stars: Fernanda Montenegro, Vinicius de Oliveira, Marilia Péra | See full cast & crew »

Director: Errol Morris

Stars: |Robert McNamara JJohn F. Kennedy, Fidel Castro See full cast & crew »

Same DOM tree node may correspond to diff preds
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Stage 2b. Extracting Knowledge from =
Semi-Structured Data on the Web

title genre releaseDate

Annotation process

+ ?tz( Wars: The Last wis 1 Example annotation
edi (2017)

“annotations”: {
"title": {
*//*@id="overview-top"/h1/text()": "Star Wars: The Last Jedi (2017)"

Annotates ~5 sample I
pages from each Cluster *//*[@id="overview-top"}/div[4}/a": *Rian Johnson*
) "wmer': {
*//*|@id="overview-top"J/div[5/a[1]": "Rian Johnson",
*//*|@id="overview-top")/div[5)/a[2]": "George Lucas"

Clusters of similarly
formatted pages

3| Clustering Algorithm

h
“genre™: {

/[ @id="title-overview-widget")/div{2)/div[2] [2)/divi2ydivi2)/a[1)/span”: "Action”,
*/I{@id="tile-overview-widget Jdivl2y divi2) div/divi2)divi2y divi2}/al2)/span’: * .
/I [@id="titl idget")/divi2)/div[2] [2)/divi2y/div[2)/a[3)/span": *Fantasy”

Pages from a Web site b

director  writer actor

S

All pages from
the cluster

Triples ¢

(Star Wars, director, Rian Johnson)
(Star Wars, genre, Action)

(Star Wars, genre, Adventure)

(Pulp Fiction, director, Quentin Tarantino) Extractions XPath Patterns
(Pulp Fiction, genre, Crime) Extractor
(Pulp Fiction, genre, Thriller)
(Titani, director, James Cameron)

Learn XPath rules
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Stage 2b. Linking Entities Between Sources

JExtraction experiments on http://swde.codeplex.com/
INear perfect precision and recall
JAnnotations on 5 pages per site

. Predi Vertex++
Vertical  Predicate yertexi+ Vertieal cate P R Fl
P R Fl

Name 100 1.00 1.00

Title .00 100 100 . .. Type 1.00 1.00 1.00

Movie Director 099 099 0.99 MIVEISIY by one 097 092 094

Genre 088 087 087 Website 1.00 1.00 1.00
MPAARating 10 100 100

Title 099 099 0.99

Name 099 099 099 . Author 097 0.96 096

NBAPlaver  T¢4m 1.00 1.00 1.00 Publisher 085 085 0.85

Y Weight 1.00 1.00 1.00 Publication Date  0.90 0.90 0.90

Height 1.00 1.00 1.00 ISBN-13 094 094 094
- Average 1.00 1.00 1.00 | Average 0.93 093 0.93 |



http://swde.codeplex.com/
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Stage 2b. Linking Entities Between Sources

-IRandom forest on attribute-wise similarity

_JResults between Freebase and IMDb movies

Precision/Recall Curve

1 . . e s @ 0 5 o ¢ 08000
Rhtand o
0.8 -
L ]
m 0.7 |
a

Movie 99.0% 98.7%

People 99.3% 99.6%

1.5M labels
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Stage 2b. Linking Entities Between Sources

1Apply active learning to minimize #labels

Recall for 99% Precision vs. Training Data Size (log10)

® 1000+adaStratified500  ® randomSample

For 99% precision and recall, -
active learning reduces o With 15K labels we get Reaching prec=99%

#labels by 2 orders of magnitude F prec=99% and rec="~95% and rec=~99%
requires 1.5M labels

| ! ! ! ! | { {
2 2.5 3 35 4 4.5 5 5.5 6 6.5

Amazon Confidential Training size (log 10)



Accu: +6%
Stage 3 Cleaning >
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Stage 3. Supervised Knowledge Cleaning

_JValue noise
Jlnvalid brands: “1 Ib”

_ILengthy descriptive brands: “The company X was founded in...”

2.0 ((

JUnnormalized values: “Reese’s”, “reese”, “REESE’s”

JInconsistency
JE.g., isSugerFree && sugarPerServing >0
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Stage 3. Supervised Knowledge Cleaning |

JA discriminative model to tell: Brand or Not a Brand?

IFeatures: frequency count, string lengths, special word
hit, etc.

JPrecision =99.1%
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Stage 3. Supervised Knowledge Cleaning ||

_IEmbedding-based filtering

Taking Flavor as an example Score = COSinAe(a, b)
( \
O OO
Mean
\
O OO O OO

OpenTag
Value Embedding
Apple




G o
Stage 3. Supervised Knowledge Cleaning Il

—IRelation embedding filtering
JLearn embedding from IMDb data and identify WikiData errrors

Subject Relation Target Reason
The Moises Padilla writtenBy César A‘;mlgo Linkage error
Story Aguilar
Bajrangi Bhaijaan writtenBy Yo g?nlgﬁney Wrong relationship
Piste noire writtenBy Jalil Naciri Wrong relationship
Enter the Ninja musicComposedBy Michael Lewis Linkage error
The S%;Zi;?fe of musicComposedBy Hal Hartley Cannot confirm
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Broad Graph Summary

_1Quick development: ~15 person X month
_IEasy ontology design and extension: 2W design
_IHigher coverage: +8%~+68%

JWeb extraction: +7% new triples, +10% new predicates,
with 99% extraction accuracy

_Higher accuracy: +2%~+22%

_ILive on Alexa Shopping, being deployed in Amazon
Search and Browse




Broad, shallow
graph

- T xX X X 2

Rich, deep "

graph




Are We There Yet?
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Success Criteria

! Success criteria for Product Graph
_| #Papers?

| Team size?
| #Production applications?

1 SS?
IBecoming part of people’s daily lives
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Knowledge Graph Construction Requires "=
Data Integration & Cleaning (DI & DC)?

Hierarchy of thousands

of types
N B Thousands-to-
One vertical, o @ millions of sources
TN T ———
A few sources .- . ©

Big challenge: Limited training
Effective search,  labels for large-scale, rich data
mining and analysis
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How to Get DI & DC to the Next Level of Success?

IChallenges: Limited training labels for large-scale,
rich data

Solution: Unsupervised learning x
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How to Get DI & DC to the Next Level of Success?

IChallenges: Limited training labels for large-scale,
rich data

JSolution: Learning with limited labels \/
_JActive learning

_1Weak learning (e.g., distance supervision, data programming)
_ISemi-supervised learning (e.g., graph-based learning)
_ITransfer learning

_1One/few-shot learning




Research Philosophy

Moonshots: Strive to
apply and invent the
state-of-the-art

Roofshots: Deliver
incrementally and make
production impacts
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Moonshot: Open Knowledge Extraction ==
and QA from Semi-Structured Web

EM 2R EALS #IAE (2000)

BEER Emrs
R TR RS ERT / SEE
T R R ST KR SRR/ 7.9 ssrosen

. Broad, shallow

i
3. !
Watch N JHS RN EhE S EN R AR zg 25-7‘3:5 . .
Prom sz HEERMRE: &8/ & 268/ PERE 3 sse% " :
EENIEEEE 28 123% |
feate 3 EEE: 2000-10-13(R[BIAES) / 2000-05-16 12 04%
el (EESAHET5) / 2000-07-07 [ £47E) ] 2000-07-13
(FFE) £ 2001-01-12(2E]) _ )
Director 22120 44 §¥ zzz :;ﬁ); Rich, d:ep
Wi 34: Crouching Tiger, Hidden Dragon grap
Stars: 7 aamir Khan is receiy IMDbEIE: 110190332
Meti
From
Da | & B | Ty Triy Y
v Ca: HE

©EEE 2 SRR +REE 5T
Dir
G+ o ENERRMBMEEN
—{LAMREFERA (AN MERTHZE, BHIENCHSE (HEmN) BNEUSERNs

(E0HERE) WA, FRIYTORESAL (R7R) . SEEHFENbANNEE FRMEERERR, B8
DEEERRARETY, RENS, EFHERIUTERMEABBIME RN HEE, BRETER
HEERLEAET. MEEREHRUEEWRSEERIES NE CREM) 0, fNAFES. XETREGRE
#, OEENFERAETERAATEE, O3S, EERLMEETSFRNE. ... 058




Ceres: Automatic ClosedIE from e
Semi-structured Web [VLDB’18]

Entity Relation Training

o : (on noisy
|dentification Annotation labels)

Automatic Label Generation

Genre Release Date

Movie entity

Extracted triples

* (Top Gun, type.object.name, “Top Gun”)
* (Top Gun, film.film.genre, Action)

* (Top Gun, film.film.directed_by, Tony Scott)
* (Top Gun, film.film.starring, Tom Cruise)

* (Top Gun, film.film.runtime, “1h 50min”)

* (Top Gun, film.film.release_Date_s, “16 May
1986”)

Watch Now

From $2.99 (SD) on Amazon Video ON DISC

Watch Now
From $2.99 (SD) on Amazon Video

ON DISC

As students at the United States Navy's elite fighter weapons school compete to be best in the
class, one daring young pilot learns a few things from a civilian instructor that are not taught
in the classroom.

As students at the United States Navy's elite fighter weapons school compete to be best in the
class, one daring young pilot learns a few things from a civilian instructor that are not taught
in the classroom.

4—
Director: Tony Scott
Director: Tony Scott Writers: Jim Cash, Jack Epps Jr. 1 more creV A to S
Stars: Tom Cruise, Tim Robbins, Kelly McGillis " See full cast

Writers: Jim Cash, Jack Epps Jr. 1 more credit »
s Trarn it - Tirn Drlhitne - 22nilks AErltiMNe | Coam il vemete’ T susaany. -
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Ceres: Automatic ClosedI|E from Tagraph §
Semi-structured Web [vLDB'18]

Training

Weak learning (?;br;?si;v

Movie entity

CAST AND CREW TRIVIA USER REVIEWS

+ Top Gun (1986) Extracted triples

* (Top Gun, type.object.name, “Top Gun”)

* (Top Gun, film.film.genre, Action)

* (Top Gun, film.film.directed by, Tony Scott)
* (Top Gun, film.film.starring, Tom Cruise)

* (Top Gun, film.film.runtime, “1h 50min”)

* (Top Gun, film.film.release_Date_s, “16 May
1986”)

Watch Now @

Watch Now From $2.99 (SD) on Amazon Video ONDISC

From $2.99 (SD) on Amazon Video

ON DISC

As students at the United States Navy's elite fighter weapons school compete to be best in the
class, one daring young pilot learns a few things from a civilian instructor that are not taught

in the classroom.
. 4— H
Director: Tony Scott I r'

Writers: Jim Cash, Jack Epps Jr. 1 more creV Agto rs
Stars: Tom Cruise, Tim Robbins, Kelly McGillis " See full cast

As students at the United States Navy's elite fighter weapons school compete to be best in the
class, one daring young pilot learns a few things from a civilian instructor that are not taught
in the classroom.

Director: Tony Scott
Writers: Jim Cash, Jack Epps Jr. 1 more credit »

- " I Y SO i T RS I | L T I IR YA Ity
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Ceres: Automatic ClosedIE from Ly
Semi-structured Web [VLDB’18]

#Websites / #Webpages 33 /434K

Language English and 6 other languages

Animated films, Documentary films,
Financial performance, etc.
# Annotated pages 70K (16%)

Annotated : Extracted #entities 1:2.6

Annotated : Extracted #triples 1:3.0
# Extractions 1.25 M

90%



Ceres: Automatic ClosedIE from "egrh )
Semi-structured Web [vLDB'18]

JExtraction on 33 movie websites with 7 languages

0.95

Precision=0.9
Yield=1.25MM

00 02 04 06 0.8
Confidence Threshold




OpenCeres: OpenlE to Identify New  ##5%
Predicates [NAACL'19]

_IClosedIE: Only extracting facts + When Harry Met
corresponding to ontology Sally (1989)

(“When Harry Met Sally...”, e
film.film.directed_by, “Rob Reiner”) g

Harry and Sally have known
good friends, but they fear s

| Y\
_ = B Director: Rob Reiner

Stars: Billy Crystal, Meg Ry
See full cast & crew »

—10penlE: Extract all relations
expressed on the webpage

a7 e
(“When Harry Met Sally...”, Wi i Vel Sy -
“Director”, “Rob Reiner”)
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OpenCeres: OpenlE to Identify New =&
Predicates [NAACL'19]

_IClosedIE: Normalize predicates Rottén
by ontology Tomatees

(“When Harry Met Sally...”, B MOVIE INFO .
film.film.directed by, “Rob Reiner”)

Does sex make it impossible for men and women to b
dilemma through the eleven year relationship betweel
their own lives until they reconnect ten years later.

_10penlE: Predicates are Rating: R

unnormalized strings
J(“When Harry Met Sally...”, In Theaters: Jul 12, 1989 Wide

llDireCted By”, ”Rob Reiner”) On Disc/Streaming: Oct 13, 1998

Runtime: 96 minutes

OITE Drama, Romance




OpenCeres: OpenlE to Identify New %%
Predicates [NAACL'19]

Auto (Pred, Obj) Label

Annotation Propagation

Extracted triples
* (“Top Gun”, “Director”, “Tony Scott”)

* (“Top Gun”, “Writers”, “Jim Cash”)
* (“Top Gun”, “Writers”, “Jack Epps Jr.”)

i 14 i 11 S (“Top Gun”, “Stars”, “Tom Cruise”)
\F/\rlfr:fr;zr\.lg;v(so)onpxmazon Video ( ’ Obj) DQC \F,\r/:rt'(\:zz'\.l:;v(SD) on Amazon Video ( , Obj) D@c (”Top Gun”' ”Sta rsll’ ”Tim RObbinS”)

ons school compete to be best in the As students at the United States Nawy's elite fighter w ns school compete to be best in the
om a civilian instructor that are not taught

As students at the United States Navy's elite fighter
class, one daring young pilot learns a few thj rom a civilian instructor that are not taught class, one daring young pilot-iearns a few thi
in the classroom- in the classroom.

Director: Tony Scott
Writers: Jim Cash, Jack Epps Jr. 1 more credit »

Director: Tony Scott
Writers: Jim Cash, Jack Epps Jr. 1 more credit »
Stars: Tom Cruise, Tim Robbins, Kelly McGillis | See full cast & crew » Starsmuise, Tim Robbins, Kelly McGillis ew

»
. y . . .

Metascore Reviews V\ Popularity Metascore Reviews —— ojularity O b

From metacritic.com | 401 user 173 critic 404 (# 71) From metacritic.com | 401 user ' 173 critic 04 (# V1) ) J
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OpenCeres: OpenlE to Identify New a5
Predicates [NAACL'19]

Auto (" Semi-supervised
Ann

learning

+ Top Gun (1986)

Extracted triples

* (“Top Gun”, “Director”, “Tony Scott”)
* (“Top Gun”, “Writers”, “Jim Cash”)
* (“Top Gun”, “Writers”, “Jack Epps Jr.”)

5 T 14 VIDEOS | 128 IMAGES 50 | Tra 14 VIDEOS 28 IMAGES (”Top Gun”, ”Stars”, ”Tom Cruise”)
ZY?:ZS::’(SD)OHAmazon Video ( ’ Obj) DQC \F,\r/:rtfr;z'\.l::/(sm on Amazon Video ( , Obj) O@c (”Top Gun”' ”Sta rsll’ ”Tim RObbinS”)

ons school compete to be best in the As students at the United States Nawy's elite fighter w ns school compete to be best in the
om a civilian instructor that are not taught

As students at the United States Navy's elite fighter
class, one daring young pilot learns a few thj rom a civilian instructor that are not taught class, one daring young pilot-iearns a few thi
in the classroom- in the classroom.

Director: Tony Scott
Writers: Jim Cash, Jack Epps Jr. 1 more credit »

Director: Tony Scott
Writers: Jim Cash, Jack Epps Jr. 1 more credit »
Stars: Tom Cruise, Tim Robbins, Kelly McGillis | See full cast & crew » Starsmuise, Tim Robbins, Kelly McGillis ew

»
. y . . .

Metascore Reviews wW, Popularity Metascore Reviews —— fofiularity- O b

From metacritic.com | 401 user 173 critic 404 (3 71) From metacritic.com | 401 user = 173 critic 04 (% 1) ) J




OpenCeres: OpenlE to Identify New — s&sie
Predicates [NAACL'19]

Movie
o Seed: Director, Writer, Producer, Actor, Release Date, Genre, Alternate Title

> New: Country, Filmed In, Language, MPAA Rating, Set In, Reviewed by,
Studio, Metascore, Box Office, Distributor, Tagline, Budget, Sound Mix

NBA Player
> Seed: Height, Weight, Team

> New: Birth Date, Birth Place, Salary, Age, Experience, Position, College, Year
Drafted

University
> Seed: Phone Number, Web address, Type (public/private)

> New: Calendar System, Enrollment, Highest Degree, Local Area, Student
Services, President



OpenCeres: OpenlE to Identify New — s&sie
Predicates [NAACL'19]

—IExtraction on long-tail movie websites

1.0f — ClosedIE

— OpenlEAl OpenlE added
08l ~—— OpenlE-New || -
| significant amount of
5 ol \ knowledge
v
0
o gy HH____\ ]
Still need prec 0-2
improvement on new . | | | | |
'8.0 0.5 1.0 1.5 2.0 2.5 3.0

relations Yield (in millions)




OpenKl: Universal Schema to Cluster HETLO
OpenlE Predicates [NAACL'19]

Keywords/
Themes

Unsupervised pre-training
for different granularities -

.ﬂm,ﬁlm_gen films_in_this _ge;

ttentomatez!i: (1f:rerolse Rating:"

10 20
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QA Preliminary Results: AR
Question=>Predicate

JEasy questions we get right
J“How many calories are there in X” -> caloriesPerServing
1“Can | eat X while on a low carbohydrates diet?” -> carbsPerServing

J“ls X nonGMO?” -> isGMOFree
IHard questions we get right

1“ls X OK for people with celiac disease” -> isGlutenFree
J1“Was X grown without pesticides” -> IsOrganic

J“How long can | store X” -> shelfLife

J“How many ounces of X do | get” -> Weight

1“ls X a Halal food” -> IsKosher



QA Preliminary Results:
Questions—2>Question

o L]
@product
.2graph =

is it vegetarian ?

is it vegetarian friendly

is this vegetarian friendly

is it vegetarian healthy

is vegetarian considered raw
is this contain msg

does it contain gelatine
does it contain gelatine ?
does it contain meat ?

are the ingredients all vegetarian ?
are the products any vegetarian
are any contain vegetarian ?

does it contain msg ?

does it contain gelatine ?

does it contain meat ?

were the tomatoes grown without pesticides ?
were the seed been grown irradiated ?
have the seed been chemically irradiated ?
have the seed been pesticide tested ?
have the honey been irradiated tested ?
does the seed contain sulfites ?

Is the fennel usda irradiated ?

does your fennel seeds irradiated

does these fennel seeds irradiated

are the seeds organic ?

are the seeds organic

are the tomatoes organic ?




'Br.oduct

QA Preliminary Results: AR
Predicate—>Question phrase

isGlutenFree contains_wheat, gluten_free, gluten,

packageSize how_many_ounces, bulk_package, 1 _Ib, 10 oz, ounces, |b, bulk, oz, package
flavor taste_like, taste, flavored, flavors

kosher kosher_certified, kosher, halal, certified_kosher

fatPerServing saturated fat, , fat

isVegetarian suitable for_vegetarians, , vegetarians, vegetarian

Unsupervised

pre-training




StarFinder: Finding Entity Importance [Submission]

Top 15 >core Name | Exploring some other nodes
8262 Johann Sebastian Bach

Among 7039 Wolfgang Amadeus Mozart Rank Score Name

1MM 5028 Ludwig van Beethoven 2728 726 hans zimmer
Artists gi’; ga_”kps'”f”a 267 668 eminem
vis Presley : :

3089 Herbert von Karajan 282 650 michael jackson
3052 Frederic Chopin 363 559 beatles
3001 John Williams 632 412 cher
2944 Antonio Vivaldi 678 398 taylor swift
2746 Manfred Eicher . .
2638 Norman Granz Seml-su peerSEd
2616 Grateful Dead Iea rnlng Wlth GCN

2449

Ella Fitzgerald
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Take Aways

JIWe aim at building an authoritative knowledge graph
for all products in the world

JIWe shoot for roofshot and moonshot goals to realize
our mission

IThe next-generation of KG could be a combination of
rich graph and broad graph

JLearning with limited labels is the rescue to get DI &
DC to the next level of success
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