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tower in the 19505 brought the overall height to 324 m,
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Exploiting tables on the Web
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Relationships

Is this a genuine relation?

What is the table about?
m What do columns contain?
m Do they have headers? tower, film, ...

Girija Limaye

Why annotate 5 s -

D S m Non-informative? name, title, ...
m What do the cells represent?
m Are columns similar?

m {Namesake, God of small Things, White Tiger, ...}
m {Namesake, Hututu, Maachis, ...}
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Girija Lim See also: James Bond novels

James Bond books

Nr b Name i Year

1. |Casino Royale 1241 1953 21(o
Why annotate 2, |Live and Let Die 123 1954 |8
Wb etdles 3. |Moonraker 28! 1955 |11

4, Diamonds Apef Forever 1271 1956 7

e From Rug .r'a‘ with Love 128! 1957 2

6. 1958 |1

7. |Goldfinger 1301 1959 |3



An example - Ambiguity in cell text

Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Lim See also: James Bond novels

James Bond books

Bond
Director

actor

Nr b Name i Year
1 Casino Royale 124 1953
25] Jame
Why annotate 2. Live and Let Die 1954 murc
i
Wb Gttt 3. Moorraker 1291 1955 @ 6 | 1962 smal
4. Diamonds Age Forever 27! 1956 SEEC
/ (28] Terence |rocke
5 From RughSia, with Love 1957 ¥y
oung SPEC
6. 1958 o
= From Russia
7. |Goldfinger 13% 1959 e 5 1963 defec
: Jame
get e

Bonc
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1820

Anamika
Aamir
A Wednesday

Bachna Ae Haseeno
Bhootnath

Black and White
Bombay to Banghok
Chamibu

Coffee House

er example - multiple specific types

Director
Vikram Bhatt

Anant Mahadevan
Rajkumar Gupta
Neeraj Pandey
Siddharth Anand

Vivek Sharma

Subhash Ghai
Nagesh Kukunoor
Kabeer Kaushik
Gurbeer Garewal
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Thus, we annotate Web tables

Annotating
and Searching
Web Tables
Using Entities,
Types and N
Relationships with reference to a catalog

Girija Limaye

Dictionary / Ontology with set of types 7, set of entities & ,
set of relationships B

Why annotate With the aim of
Web tables?

m Annotating cell text to an entity

m Annotating column to type(s)
m Finding relationship between columns



Annotated table
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Annotated table

Annotating
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Web Tables author(Book, Person),
Using Entities,

Types and bornAt(Person, Place),
Relationships
Girija Lit Title Written by
g
Namesake J. Lahiri

1

1

1

1

1

1

1

1

1

1

: 1

1

I X

Why annotate . , | :
e tablest (The namesake )| ] i White Tiger  A. Adiga

\ 1

/" (White Tiger . !

Arvind Adiga 1

Malgudi Days .

1

1

1

1

1

1

1

1

1




Annotated table

Annotating
and Searching

Web Tables author(Book, Person),
Using Entities,

Types and bornAt(Person, Place),
Relationships

Entity
1

1
s ( White Tiger \
- S
Malgudi Days

Written by

Girija Lir

Namesake J. Lahiri

Why annotate
Web tables?




Related Work

Annotating
and Searching

Web Tables .
Using Entities, Web document annotation

Types and
Relationships

m Linking to structured source

m Learning to link with Wikipedia[MW08]
m Collective annotation of Wikipedia entities in web
text[KSRCO09]

Related work Querying on Web table corpus

m WebTables] CHW'08]

m Attribute based statistics
m No interpretation of cells, columns
m Plain text, header based answering

Girija Limaye



YAGO[SKWO07]!- Overview
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Sources
m Wikipedia article names = entities
(http://en.wikipedia.org/wiki/Sourav_Ganguly —
Sourav_Ganguly)

Girija Limaye

m Wikipedia categories = classes i.e. types
(Marathi_Language_Singer)

Relpized] wat m Wikipedia Category lists = TYPE relations
(Lata_Mangeshkar TYPE Marathi_Language_Singer)

m WordNet - borrows concepts like singer, politician

m WordNet - borrows taxonomy

1Yet Another Great Ontology


http://en.wikipedia.org/wiki/Sourav_Ganguly

YAGO - Example facts
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and Searching
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Girija Limaye

Related work

’ fact identifier H Arg 1 relation \ Arg 2
#1 “Einstein” MEANS Albert_Einstein
#2 “A. Einstein” MEANS Albert_Einstein
#3 “Albert Einstein” MEANS Albert_Einstein
#4 “Deutschland” MEANS Germany
#5 Albert_Einstein TYPE Physicist
#6 Physicist SubClassOf Scientist
#38 Albert_Einstein HasWonPrize NobelPrize
#9 #8 YEAR 1921




YAGO Terminologies?
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Bengali_cricketers

ACC_Asian_xI_ODI_cricketers
Girija Limaye

| Cricketers_at_the_1999_Cricket_World_Cup

Attribute ~ Entity
1972-##-##

Wikipedia
Categories ~ types

| Cricketers_at_the_2003_Cricket_World_Cup
Sourav_Canguly
Related work

SiveaName Ofsourav'

%
%,
(3
%

%
Q.
Cricketers_at_the_2007_Cricket_World_Cup ™°"®

"Ganguly"

2 Figure taken from http://uniat5401.ag5.mpi-sb.mpg.de:
8180/webyago/html/graphViewer .html?entity=Sourav_Ganguly&n=5


http://uniat5401.ag5.mpi-sb.mpg.de:8180/webyago/html/graphViewer.html?entity=Sourav_Ganguly&n=5
http://uniat5401.ag5.mpi-sb.mpg.de:8180/webyago/html/graphViewer.html?entity=Sourav_Ganguly&n=5
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Input table

With Lucene Index built over !
"

1 YAGO entities | Candidate Entity
Generation per
Candidate cell | (Candidate
Relationship
Generation
per pair of

Girija Limaye

Type Gen-

eration per

column

System | Taking transitive closure of \| columns
Overview 1 |

Vo Y
| Aggregating over all rows, |
- 1 1
| relationships shared in YAGO |
A 4
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System
Overview

System architecture

Input table

With Lucene Index built over !
"

-
I

1 YAGO entities | Candidate Entity
Generation per

cell

Candidate

Type Gen-
eration per
coumn )

| Taking transitive closure of

| (Candidate

Relationship
Generation
per pair of
columns

Vo Y
| Aggregating over all rows, |
1 1
| relationships shared in YAGO |
A 7
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Input table

With Lucene Index built over !
"

Candidate Entity

Generation per

Candidate cell | (Candidate
Relationship
Generation
per pair of

1
YAGO entities

|
S

Girija Limaye

Type Gen-
eration per
column

System space columns
Overview 1 \ pmm =
I types | | Aggregating over all rows, |
______________ 7 | I
| relationships shared in YAGO |
. N e e e e e e e 7
Algorithm

(An notated Ta ble)
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System

Overview

An example

Cell Text

Candidate

Entities

Candidate Types
for this cell

Candidate Types
for entire column

Naushad Ali

Naushad, NA

Filmfare award winners,

Indian Muslims, . . .

Filmfare award winners,
..., Entity

Indian Muslims, . ..
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System

Overview

An example

_(cricketer), NA

Pakistani cricketor, . . .

Cell Text Candidate Candidate Types Candidate Types
Entities for this cell for entire column
Naushad Ali Naushad, NA Filmfare award winners, Filmfare award winners,
..., Entity
Indian Muslims, . . . Indian Muslims, . ..
Naushad_Ali Pakistani cricketor, . . .

Cricketor, Athlet, . . .
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System

Overview

An example

Cell Text Candidate Candidate Types Candidate Types
Entities for this cell for entire column
Naushad Ali Naushad, NA Filmfare award winners, Filmfare award winners,
..., Entity
Indian Muslims, . . . Indian Muslims, . ..
Naushad_Ali Pakistani cricketor, . . .
_(cricketer), NA Pakistani cricketor, . . . Cricketor, Athlet, . . .
Rajesh Rajesh_Roshan, Filmfare award winners, Filmfare award winners,
Roshan NA e

Indian film score
composers, . . .

Indian film score
composers, . . .
Composer, Musician, . . .
NA
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Baseline Algorithms - 1

Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

it (Liere LCA based annotator

For a column c,

m Set of all types T such that per cell (r, c) has at least one
candidate entity £ and E €T T

m AND no T’ such that 7/ C T is in the set

m Choose entities which are instances of chosen types

Algorithms
and
Evaluation



Baseline Algorithms - 2
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Relationships

Girija Limaye Deflne VOte( T) =

{€: T € Ueee, T(B)}|

For a column c,
m Set of all types T Ruth that vote(T) is at least 50%
Algorithms m AND no T’ such that T/ C T is in the set

and

Evaluation



Baseline Algorithms - 2

Annotating
and Searching
Web Tables
Using Entities,
Types and

es an Majority based annotator
Relationships
Girija Limaye Deflne VOte( T) =

{€: T € Ueee, T(B)}|

For a column c,

m Set of all types T Ruth that vote(T) is at least 50%

Algorithms

; m AND no T’/ such that T/ C T is in the set

Evaluation

m Choose entities independently per cell (r, ¢)



Failure cases : LCA
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Missing links
Over-generalization

Girija Limaye

Title
1. The Secret of the Old Clock| The_Secret_of the_old_Clock

2. The Hidden Staircase[ The_Hidden_Staircase l

3. The Bungalow Mystery[ The_Bungalow_Mystery l

Algorithms X
and 4. The Mystery at Lilac Inn[ The_Mystery at_Lilac_Inn ]

Evaluation




Failure cases : Majority

Annotating Amblgulty in CeII text

and Searching ..
Web Tables Low Precision
Using Entities,
Types and
Relationships ‘

Girija Limaye ‘ Film

Dr. No[ B e fravl

wikicategory_Pinewood_films l

wikicategory_Soundtrack_albums l

wikicategory_Movels_by_lan_Flemini

wikicategory James_Bond_films ] From Russia with Love
[ From_Russia_with_Love_(soundtrack)

Algorithms
and
Evaluation

wikicategory_James_Bond_albums

Goldfinger| Goldfinger (novel)
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Dataset and Evaluation

Dataset || #Tables | Average Total annotations
F£rows Entity Type Rel
Manually annotated
Wiki_Manual 36 37 1647 72 10
Web_Manual 371 35 9239 674 44
Web_Relations 30 51 - - 36
Wiki_Link 6085 20 | 131807 - -

F1 score of for entity, type and relationship annotation
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40
0
o S
o &

F1 score

& > &
\>{\\{‘ 0\? @C}{\
SECRNC
« & & W
< & &
Algorithms Q_“'>

and
Evaluation

Mica M majority



Why baseline algorithms fail?

;

Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye Cell text is ambiguous

Ontology is incomplete
m Missing types and relationships, and their instances
m Links are missing in ontology

m Not sure if link is absent or actually the entity is not an
instance of that type

m Evidence from outside table text is ignored
Algorithms m say header text, when they are useful

and

Evaluation
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fi(r,c, E) | maxyep(g) similarity(Dr,c, £)
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and
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Features considering table text
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Cell Text - Entity
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fi(r,c, E) | maxyep(g) similarity(Dr,c, £)

Column Header Text - Type

fa(c, te) | maxgey(r,) similarity(He, )

Algorithms
and
Evaluation



Features considering ontology structure

Annotating E(T) = the set of all entities which are direct or transitive

and Searching

Web Tables instanced of type T

Using Entities,
Types and

Relationships (Hindi Singer) (Marathi Singer)

Girija Limaye :

Specificity of T

€]
e , 4
Missing links (T Lata Mangeshkar Sadhana Sargam

Asha Bhonsale

Algorithms
and

Evaluation Type - Entity Compatibility

[E(THNE(T)] 1

f3(tc, er,c) MINEC T =& (TN am(T)




Features for relationships
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Type - Type - Relation
Algorithms

and fa(be cryte, ter) number of entities under t (or t’) that
Evaluation >

appear in relationship b with an entity in t’ (or t)
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Entity - Entity - Relation

1: b cr(erc, e ) exists
0.1: b s is one—to—ma’my .
- and b, c/(er,c, e, o) doesn't ,eX|st ,
¢ be o/ is one-to-one and b, ./(er c, E") for E' # e, o/

f5(bc,c’7 €r,cy er,c/)

Algorithms
and
Evaluation
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Potentials
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Web Tables Potential
Using Entities,

Definition

Notation

Types and
Relationships E Node o1(r,c,erc) | exp (wlel(r, c, e,,c))
Girija Limaye
T Node ¢2(c, tc) exp (w;—fz(c, tc))
E-T Edge ¢3(te, er,c) exp (W;l—f'g(tc, er,c))

T-T'-R Clique | ¢a(b,t,t’) exp (wy fa(b, t, t"))

Algorithms .
E-E'-R Clique os5(b, e, €e) exp (W;fs(b, e, e’))

and
Evaluation

Table: Potentials assigned to the model



Potentials

Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Algorithms
and
Evaluation

ONONONO
ONONONG




Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye

Algorithms
and
Evaluation

Potentials

ONONOIC




Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye

Algorithms
and
Evaluation

Potentials

ONONOIC




Potentials

Annotating
and Searching
Web Tables
Using Entities,
Types and

Relationships

Girija Limaye

(1(1,1,e

Q/

&

Algorithms
and

Evaluation

@@

@@




Potentials

Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye

Q/
@/

(1(1,1,e

Algorithms
and

Evaluation

¢3(t3’ejD

ol
@@
@@




Potentials

Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye

Algorithms
and
Evaluation




Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye

Algorithms
and
Evaluation

Potentials

¢a(b2s, €32, €33)




Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye

Algorithms
and
Evaluation

¢a(b2s, €32, €33)




Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye

Algorithms
and
Evaluation




Potentials

Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye

Algorithms
and
Evaluation

¢a(b2s, €32, €33)




Optimization objective
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Optimization objective

No relationships

n;atXH ¢2(C7 tC) H ¢)1(r» c, ef,C) ¢3(tCa er,c)

columns cells

1

With relationships

';‘3;; H ¢4(bc,c” te, tc’) H ¢5(bc,c’7 €rc, er,c’)
c

7
,C'

relation

H ¢a(c, tc) ]___[ o1(r, ¢, er,c) p3(te, er,c)

N———
columns

cells

Approximate Inference using Message Passing algorithm
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Comparison with baseline algorithm
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Analysis of Type-Entity compatibility feature
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With type annotation
With type and relationship annotation
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Annotator performance
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Figure: Rate of annotation (Tables per second)



Conclusion
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Web tables = wealth of information, useful for structured
queries

Girija Limaye

Annotations help mapping them to entities, types and
relationships

Challenges due to ambiguities and ontology structure

Combined model outperforms baseline algorithms

To lead to efficient and precise answering to structured
queries

Conclusion
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Inference in special case
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: for each column ¢ do
for each type T € 7. do
AT — (Z)Q(C, T)
for each cell r, c in column ¢ do
choose e . = arg maxgee, . #1(r, ¢, E)p3(T, E)
AT — At - ¢1(r, c, e:c) - ¢3(T, e;k,c)
end for
end for
finalize t = argmaxt At
recall and finalize cell assignments e;
: end for
. return t*,e

Girija Limaye
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Messages
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Girija Limaye M(ere — ¢3(tc, erc)) = p1(r, ¢, erc) [1or M(ps(ber s erc, €,0r) — erc)

M(p3(tc, erc) — tc) = maxe,. #3(tc, erc)M(erc — $3)

M(te — ¢3(tc, erc)) = d2(c, te) [1er M(albers tes ter) — erc) [1,r s M(b3(tc, €1 ) — te)
M(¢p3(tc, erc) — erc) = maxe. ¢3(tc, erc)M(te — ¢3). M(ere — ¢5(ber s erc, €)=

$1(r, ¢, erc) [Terrser M(@5(becrr s €rcy terr) — ere) [T, M(3(te, 1) — erc)

M(e,.r — ¢5(becr s erc, €,.r)) = similar to above.

M(¢5(beer s ercy€er) — ber) = M(te — ¢5(beer s ercs €, ))M(e,cr — ¢5(beer s ercs €per))

M(beer — ¢5(beers ereseer)) = s M(s(beer s €1 cr e or) = b )M(alboor s te, ter) — beer)
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Messages - Continued
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Girija Limaye M($s5(becr s ercs €rr) = erc) = maxe b, $5(bect s €rcs e )M(erer — ¢5(beer s erc € )I)M(beer —

@5(beet s €rcy €cr)) M(ps(beers ercs e, — €,.r) = similar to above.

M(te — da(beor s te, ter)) = da(c, te) Tlerryor M(Salboorr s te, torr) — ere) T1, M(o3(te, e, ) — te)
M(t.r — ¢a(beers tes tor )) = similar to above.

M(¢pa(ber s te, ter) — ber) = M(te — dalber, te, tr))M(tyr — da(bers tes tor))

M(beer — balbeers tes ter)) =TT, M(d5(bers ercs €rr) = beer) M(Ga(ber s tes ter) — te) =

maxt , b, P4(bect s tes ter )M(ter — Galboer s tes ter))M(beer — balbeer s tes ter))

M(¢4(bcc/, te, tor — tC/) = similar to above.
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Parameter setting
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I Type-Entity compatibility || 1/+/dist(T)
Features used fi, ..., f5
Type and Entity accuracy || ¢1, @2, ¢3
Relationship accuracy o1, ..., Os
Parameter Value || Parameter Value
max_hits 150 score_percent 0.1
USE_SQRT_LEVEL | true consider_overlap true
jazzy false useidf true
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Scope for improvement
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m Better training of parameters
m Candidate label generation

m Most time consuming task
m Better data structures to represent YAGO

m Join queries over tables

Backup slides



Annotating
and Searching
Web Tables
Using Entities,
Types and
Relationships

Girija Limaye

Backup slides

Work completed - Stage |

Literature Survey
YAGO processing

Basic feature design

|

|

|

m Trying out simple ideas
m Tool for collecting ground truth
[

Gathering ground truth and basic evaluation



Work completed - Stage Il
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and Searching
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Using Entities, Read few more papers
Types and
Relationships

Combined model creation and integration with inference
Girija Limaye module

More YAGO processing
Trials with sampled ground truth

Integrating with StructLearn for parameter training
Generating ground truth for Wiki_Link dataset

More experiments on annotator efficiency and performance
Annotating Web corpus of tables

Adding context related features

Trying out MLE training
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Top 50 types in a subset of annotated corpus

Annotating
and Searching
Web Tables

Using Entities, Total types annotated 5443406 -
Types and Annotated with NA 1966964 36%
Relationships Total types in top K 1799671 33%
Number of distinct types 248992 -
Girija Limaye Rank Few interesting types in top 50
5 wordnet_village_108672738 73349 1.3%
7 wordnet_city_108524735 57439 1.05%

10 wordnet_movie_106613686 37218 0.68%
17 wordnet_administrative_district_108491826 17349 0.31%
19 wikicategory_States_of_the_United_States 15407 0.28%
21 wordnet_university_108286163 15274 0.28%
31 wordnet_company_108058098 10271 0.18%
32 wordnet_organization_108008335 10057 0.18%
88 wikicategory_American_films 10001 0.18%
34 wordnet_country_108544813 9985 0.18%
35 wikicategory_English-language_films 9714 0.178%
38 wikicategory_Albums_produced_by_Marti_Frederiksen 9282 0.17%
40 wordnet_player_110439851 9135 0.168%
41 wordnet_town_108665504 9119 0.167%
43 wordnet_municipality_-108626283 8740 0.1605%
47 wikicategory_Susan_Herndon_albums 8309 0.152%
48 wikicategory_Physics_journals 7643 0.14%
50 wordnet_magazine_106595351 7235 0.1329%

Backup slides



	Why are Web tables important?
	Why annotate Web tables?
	Related work
	System Overview
	Algorithms and Evaluation
	Conclusion
	References
	Backup slides

