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Goal

Table 2 | Hp}‘furierudfcuﬁunlrufes for each treatment

regimen
[I'IT H‘]

~\n %L@5%A] n % B5% d)
OACIW | 240/301 797 (748w 1B3/219 B834(78.1 1k
83.9) 87.9)

OACIW | 244/301 BIL7 (77 1o 185/218 B492(7951

85.7) 8.0}
OA 134/305  44.6(39.1 1o 429 (365 o
50.2) 49 4)

ITT, intention-ter ireat; PP, per prolocol; OA, omeprazole 20 mg twice daily
and amoxicillin 1 g twice daily and plocebo for 2 weeks; QACTW,
omeprazole 20 mg twice daily and amaxiallin 1 g twice daily and
clarithromycin 500 mg twice daily for 1 week, H‘i;mwd by omeprazole
20 mg twice daily and placebo for 1 week; OACZW, omeprazole 20 mg
twice daily and amaicillin 1 g twice daily and clanthromycin 500 g twice
daily for 2 weeks

Image from : Zagari RM, Bianchi-Porro G, Fiocca R, Gasbarrini G, Roda E, Bazzoli F. Comparison of 1 and 2 weeks of

omeprazole, amoxicillin and clarithromycin treatment for Helicobacter pylori eradication: the HYPER Study. Gut.
2007;56: 475-9. [PMID: 17028126]



Contribution

http://dbpedia.org/class/yago/Natio

| % nalBasketballAssociationTeams
i \ Ve

[ dbprop:team

Name Team Position
Michael Jordan Chicago Shooting guard
]Allen Iverson Philadelphia Point guard
Yao Ming Houston Center
Tim Duncan San Antonio Power forward
http://dbpedia.org/resource/Allen_Iverson } [ Map literals as }
values of properties




Contribution

Name Team Position Height
Michael Jordan Chicago Shooting guard 1.98
Allen Iverson Philadel / @prefix dbpedia: <http://dbpedia.org/resource/> .
@prefix dbpedia-owl: <http://dbpedia.org/ontology/> .
Yao Ming R @prefix yago: <http://dbpedia.org/class/yago/> .
. "Name"@en is rdfs:label of dbpedia-owl:BasketballPlayer .
Tim Duncan San Antc

"Team"@en is rdfs:label of yago:NationalBasketballAssociationTeams .

"Michael Jordan" @en is rdfs:label of dbpedia:Michael Jordan.
dbpedia:Michael Jordan a dbpedia-owl:BasketballPlayer .

pedia:Chicago Bulls a yago:NationalBasketballAssociationTeams .

\Chicago Bulls"@en is rdfs:label of dbpedia:Chicago Bulls .
db

~
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All this in a completely automated way !! ©



Introduction & Motivation



Tables are everywhere |

d & -DATA coy
The web — 154 million 389, 697 raw and
high quality relational geospatial datasets

tables (Cafarella et al. 2008)

Introduction



Evidence—based medicine

The idea behind Evidence-based Medicine is to judge the efficacy of
treatments or tests by meta-analyses or reviews of clinical trials. Key

information in such trials is encoded in tables. . .
# of Clinical trials

published in 2008

. . ation

Table 2. Results in the intent-to-treat populatio l

Omeprazole Intravenous Confidenc gﬁlnten :

Oral Suspension Cimetidine for th; L‘;l SET:{JHC-

’ o - in Rates,

’w o
g
] —100.0, 2.8°
o . : 7(3.9) 10 (5.5) b AW

Clinically significant bt;‘c‘?mg‘ 0 (%) 34 (19.1) 58 (32.0) 219, wﬁ\memw‘\“’&“ \

' oV ing, n (% 12 5 axics O .
Any overt bleeding n ) 32 (18.0) 105 (58.0) e meta analysis
Inadequate pH control, 1t L W

l I I I I {BBLE > ﬁ-% published.in 2008
[ o 444 25 ’
'l' Thrd! pal e 4 6\ 08
Table 3. Percentage and number of patients with median gastric pH = 4 by trial day 6 27 p ot
5 Al 3.
Omeprazole Oral Intravenous san o) (ﬁ L \ 2‘}‘5\,63\ "_._"“_Qﬂ'\
Trial Day Suspension, % Cimetidine, % pValue  p®. w e, % ean ‘.‘E\U\ yed 3 a Q) 92 ~0 o
T S L R A .
1 2.4 (4/166) 11.5 (20/174) <.01 o et jed 0 o perad " 08 o0
2 0.6 (1/170) 10.3 (18/175) <01 " Tme 5 Y e . o ont
3 2.8 (4/143) 17.8 (28/157) =.01 ?D\g‘me“ \\ " 2 \?—-2
4 4.0 (5/124) 13.1({16/122) 01 '
5 2.8 (3/109) 15.5 (16/103) =.01 oty
6 2.2 (2/89) 20.5(18/88) =.01
7 1.4 (1/73) 17.9 (14/78) =.01
8 5.0 (3/60) 24.3 (17/70) =.01
9 3.8 (2/53) 32.2 (19/59) =.01

10 4.7 (2/43) 33.3(17/51) =.01

11 5.0 (2/40) 30.4 (14/46) <.01

12 0.0 (0/35) 25.6 (10/39) =.01

13 0.0 (0/31) 27.3(9/33) =.01

14 3.7(1/27) 28.6 (8/28) .02

Predose pH measurements on day 1 were excluded from the median calculation. I —;\_\-\5\3{\} m ) oron?

VECI Yy IVVV e TIUIIINCID CJJCLLIVE ned t’ meﬂ““a%s \qe:;SE\s' veoo



Related Work

e Extracting tables from documents and web pages
= Hurst (2006), Embley et al. (2006)

* Understanding semantics of tables
= Wangetal.(2011), Ventis et al. (2011), Limaye et al.
(2010)

Related Work



Current systems

Use ‘semantically poor’ knowledge bases

Only one system focuses on complete table interpretation
Do not generate Linked Data

No system tackles literal data

Critical piece of evidence for interpreting medical tables

No system dealing with tables in specialized domains (e.g.
tables found medical literature)

Related Work



Building a table interpretation -~
framework

* Preliminary work / Baseline system

* Analysis and Evaluation of baseline

* Framework grounded in graphical models and
probabilistic reasoning



The System’s Brain (Knowledgebase)

WordNet

3

. * v

Id == ~Frechase j> | U
Yago Wikitology

Wikitology' — A hybrid knowledgebase where
structured data meets unstructured data

Syed, Z., and Finin, T. 2011. Creating and Exploiting a Hybrid Knowledge Base for Linked
Data, volume 129 of Revised Selected Papers Series: Communications in Computer and
Information Science. Springer.

1 — Wikitology was created as part of Zareen Syed’s Ph.D. dissertation 11



The Baseline System

12



T2LD Framework

Predict Class for
Columns

Linking the table
— cells —

Identify and
Discover relations

T2LD Framework

Baseline

13



Predicting Class Labels for column

Class
1. Chicago Bulls {dbpedia-owl:Place,dbpedia-
/;l Ry owl:City,yago:WomenArtist,yago
\ s 2. Chicago — ., .
Team T e e :LivingPeople,yago:NationalBask
/ -udy etballAssociationTeams }
.
2
Chicago 9 +
Wikitology {dbpedia-owl:Place, dbpedia-
_ _ owl:PopulatedPlace, dbpedia-
Philadelphia owl:Film,yago:NationalBasketb
allAssociationTeams .... ..... ..... }
Houston ==
e e e
san Antonio | e }
L
X\\7 dbpedia-owl:Place_dbpedia-owl:City, yago:-WomenArtist,
Instance yago:LivingPeople|yago:NationalBasketballAssociationTeams,

dbpedia-owl:PopulatedPlace, dbpedia-owl:Film ...

Baseline



Linking table cells to entities

1. Michael Jordan
2. Michael-Hakim

2 & Jordan
Michael Jordan + g )

-

Chicago + Shooting i @
Guard + 1.98 + |:> gt ,

dbpedia- RE.. . \ Classifier 1 — SVM Rank
owl:BasketballPlayer ¥ kltﬂlﬁgy (Ranks the set of
entities)

&

Classifier 2 — SVM
(Computes Confidence)

¢ v

Link to the top Don’t link
ranked entity

Baseline 15



ldentify Relations

Name

Michael Jordane

Allen Iverson ¢

Yao Ming <

Tim Duncan <

< Rel ‘A’ / Team
Rel A > Chicago
Rel A, C > Philadelphia
RelA, B, C »Houston
Rel ‘A, ‘B’

»San Antonio

Baseline
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Generating a linked RDF
representation

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix dbpedia: <http://dbpedia.org/resource/> .
@prefix dbpedia-owl: <http://dbpedia.org/ontology/> .
@prefix yago: <http://dbpedia.org/class/yago/> .

"Name"@en is rdfs:label of dbpedia-owl:BasketballPlayer .
"Team" @en is rdfs:label of yago:NationalBasketballAssociationTeams .

"Michael Jordan"@en is rdfs:label of dbpedia:Michael Jordan .
dbpedia:Michael Jordan a dbpedia-owl:BasketballPlayer .

"Chicago Bulls" @en is rdfs:label of dbpedia:Chicago Bulls .
dbpedia:Chicago Bulls a yago:NationalBasketballAssociationTeams .

Baseline




| /=« Evaluation of the baseline
|l{®¢
system



Dataset summary

Number of Tables 15

Total Number of rows 199

Total Number of columns 56 (52)

Total Number of entities 639 (611)
Distribution of Entities per Category Distribution of Columns per Category

4> 4h

* The number in the brackets indicates # excluding columns that contained numbers
Introduction . * Results ° Joint Inference ® Conclusion 19




Evaluation # 1 (MAP)

 Compared the system’s ranked list of labels
against a human—ranked list of labels

 Metric - Average Precision (a.p.) [Mean
Average Precision gives a mean over set of
queries] AveragePrecision(q) = Z: 1 Pn) x R(n)

total number of relevant labels for g

e Commonly used in the Information Retrieval
domain to compare two ranked sets

Results



Evaluation # 1 (MAP)

1.2

0.8

Average Precision

0.4

0.2

Average Precision

¢ Average Precision
- . o o o o N

~

System Ranked: Evaluator Ranked:
1. Person 1. President
2. Politician 2. Politician
3. President 3. OfficeHolder ’
2
2
MAP =0.4
\\“ o & /
2 2 2 2 2
S R /
L o 4 —® ——0o— @ L ® .
0 10 20 30 40 50
Column #

1]

Introduction ® * Results ° Joint Inference ® Conclusion
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Evaluation # 2 (Correctness)

Evaluated whether our predicted class labels were “fair and
correct”

Class label may not be the most accurate one, but may be

correct

— E.g. dbpedia:PopulatedPlace is not the most accurate, but still a
correct label for column of cities

Three human judges evaluated our predicted class labels

Results



Evaluation

2 (Correctness)

% of correctly and incorrectly predicted class labels

100.00%

90.00%

80.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

oo I
23.08%
H .
41.67%

Column — Nationality
Prediction — MilitaryConflict

Column — Birth Place

s

Im_gz% Prediction — PopulatedPlace

Person Place Organization Other

M Incorrect

M Correct

Overall Accurac

76.92 %

y:

Introduction ®

* Results ° Joint Inference ® Conclusion
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Accuracy for Entity Linking

% of correct and incorrect instances linked

=

N W OO NN O O
o oo o o o o o o o o
X XX XXX KKK KR

=
o
x

95% 9.57%

8.10%

3.05%
1.90%

koo
I
I
I
I
b
I
I
I

.

s
a B
B B
B
.
a
B B
B e

Person Place Organization

Categories

M Incorrect
M Correct

Overall Accuracy:

Introduction ®

66.12 %

* Results ° Joint Infekerce2LConclusich——a24—



Lessons Learnt

Predict Class for Linking the table Identify and
Columns — cells — Discover relations
T2LD Framework

Sequential System — Error percolated from one
phase to the next

Current system favors general classes over
specific ones (MAP score =0.411)

Largely, a system driven by “heuristics”

Although we consider evidence, we don’t do
assignment jointly

Results




Joint Inference over evidence in a table

v’ Probabilistic Graphical Models

26



A graphical model for tables

Joint Inference

27



Parameterized graphical model

Captures interaction
"‘ > between row values

\ Row value
Factor

Function that Node

captures the \

affinity between Variable Node:
the column
Column header

headers and row
values 1/’ _ Captures interaction

5 between column headers 28
Joint Inference




Challenges - Abbreviations

Table 2 Hp}iﬂfierudicuﬁun rates for each treatment

regimen
I PP
" %W5%C) = % 5% Q]
OACIW |240/301 7 (748w 183/219 83.46(78.1 o
83.9) 87.9)
OACIW |244/301 81.7 [77 to 185/218 B4.2[72.510
85.7) 89.0)
(8.1 134/ 305 4463710 96/224 42936510
50.2) 49 4)

ITT, inlention-torireat; PP, per prolocol; OA, omeprozole 20 mg twice daily
and amoxicillin 1 g twice daily and placebo for 2 weeks; OACTW,
omeprazole 20 mg twice daily and amaxigllin 1 g twice daily and
clarithromycin 500 mg twice daily for 1 week, H‘igmed by omeprazole
20 mg twice daily and plocebo for 1 week; QAC?W, omeprazole 20 mg
twice daily and amaxicillin 1 g twice daily and clarthromycin 500 g twice
daily for 2 weeks

* Other examples:

State Abbreviations
Stock Tickers
Airport Codes
Currency codes

* Preprocessing — parse
and identify such
columns

* Replace abbreviations
with expanded forms

Conclusion



Challenges - Literals

Population

690,000 Age

345,000 75

510,020 65

120,000 50
25

Table 2. Results in the intent-to-treat population

Clinically significant bleeding

Any overt bleeding, n (%)
Inadequate pH control, n (%)

Omeprazole Intravenous Confidence Interval
Oral Suspension Cimetidine for the Difference
P ———— (n = 181) in Rates, %
7(3.9) 10 (5.5) —100.0, 2.8°
34 (19.1) 58 (32.0) —21.9, —4.0°
32 (18.0) 105 (58.0) —49.2, —30.9°

Conclusion



Conclusion

Presented a framework for inferring the semantics of
tables and generating Linked data

Evaluation of the baseline system show feasibility in
tackling the problem

Work in progress for building framework grounded in
graphical models and probabilistic reasoning

Working on tackling challenges posed by tables from
domains such as the medical and open government
data

Conclusion
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“A little semantics goes a long way” =~ Jim Hendler

Thank You !
Questions ?
varishl@cs.umbc.edu

n\wm @varish
Web: http://goo.gl/NVu8N
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