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Information Extraction

Information extraction identifies and isolates words and phrases
within documents and presents them in relational tables




Social media sources

Product: Flooring company

Location: London, Ontario

g About Toronto i 2ose 22 S 4es

st
s
ions
Q
kbout Toront. ..

pronto 20+

Joined v |+ Notifications # Share re

) o : : GR
0 Maryam Baniasadi is §3 looking/for recommendations.

9 April

Any recommendations for flooring’Company be able to do the job in Londén
ontario area ? The house has carpet flooring and we are looking to change it i
to laminate flooring ? s 5 ool saseas & ¢ IS Cutd 5K UC a8 Cuin 55 £ ol 2 K

Looking for

Recommendations

GR

7

@ Not sacure | wwwipdfiooring.com

HOME  ABOUT  SERVICES ~ CONTACTS  FINANONG  COMMERCIL  SPECIALS  VIDEOS  GALLERY  IDEAS  VISUALIZ
HOURS  SITEMAP

m CALLUS
m FLOORING 519-747-5739

Wednesday ours

CARPET VINYL WOOoD LAMINATE TILE FIBERS MORE v

Call for a FREE sample truck visit at your home or visit our Showroom

]
=




Medical records
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Information Extraction
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How to design extraction
algorithms that generalize to
extract accurate information
from a diverse set of unseen
sources.
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Immutable after extraction
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Mutable Sources

Update Instance
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Mutable Sources

Example: government
releases multiple versions of
the same report
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4/11/2019 Report on Energy Supply and Demand in Canada, 2018 Revision
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Report on Energy Supply and
Demand in Canada
2016 Revision

| Release date: April 11, 2019

W Highlights

Primary energy production in Canada increased 2.9% in 2016 to 19,709 petajoules. This followed a 1.2% increase in
2015.

Analysis
Energy supply and demand, 2016
Primary energy production in Canada increased 2.9% in 2016 to 19,709 petajoules. This followed a 1.2% increase in 2015.

Crude oil accounted for the largest proportion of primary energy production in Canada in 2016 at 45.1%, followed by natural
gas (35.0%), primary electricity (9.3%), total coal (6.8%) and gas plant natural gas liquids (3.9%).

It was the seventh consecutive year in which crude oil accounted for the largest share of primary energy production.
Exports and imports increase

Exports of Canadian energy and energy products increased 2.4% in 2016 to 12,507 petajoules.

Canada exported 80.4% of its crude oil production in 2016, and 46.4% of its marketable natural gas.

Imports of energy increased 6.1% in 2016 to 3,659 petajoules. Crude oil accounted for 50.8% of imports, followed by natural
gas (21.6%).

Energy consumption decreased
Canada's energy consumption decreased 0.8% in 2016 to 7,953 petajoules, following a 0.8% decrease in 2015.

Energy use increased in three of six sectors including public administration (+3.1%), industrial (+1.9%), and agricuiture
(+1.0%). Residential (-6.8%), commercial and other institutional (-1.3%), and transportation (-0.5%) saw a decrease in
energy use.

Within the industrial sector, energy consumption increased in forestry and logging and support activities (+17.1%),
construction (+10.5%), mining and oil and gas exiraction (+2.3%), and manufacturing (+0.8%).

Retail pump sales continued to represent the largest proportion of energy consumption in the transportation sector (63.2%),
followed by road transport and urban transit (14.2%), airlines (9.6%), pipelines (7.1%), railways (3.1%), and marine (2.8%).

https:/fwww150.statcan.ge.ca/n1/pub/57-003-x/57-003-x20 19001-eng.htm

41112019 Report on Energy Supply and Demand in Canada, 2018 Revision

Refined petroleum products (39.8%) were the main source of energy consumed in Canada in 2016, followed by natural gas
(33.8%) and electricity (22.7%).

Energy consumption trends across the country

Ontario, Alberta and Quebec continued to account for the majority of energy consumed in Canada. In 2016, their combined
share of total energy consumption was 73.4%.

Six provinces recorded increases in energy consumption in 2016 compared with 2015. British Columbia (+3.9%) saw the
greatest increase, followed by Prince Edward Island (+3.7%), New Brunswick (+2.9%), Manitoba (+0.8%), Newfoundland and
Labrador (+0.5%), and Alberta (+0.3%).

Energy consumption decreased in 5 regions in 2016 compared to 2015. The largest decrease was in Nova Scotia (-3.3%)
followed by Ontario (-3.0%), Saskatchewan (-2.6%), the Territories (-2.5%), and Quebec (-1.1%).

Note: The above text refers to the preliminary 2016 data.
Note to readers

Factors influencing revisions include late receipt of company data and revisions to previously estimated or reported data. The
revised data are available in the appropriate tables.

Data for any period may be revised and included in subsequent issues (such revisions are incorporated in the database).
Given that further revisions to submitted data are received after the publication issue of any given year, it should be borne in
mind that the statistical series shown in this publication are not necessarily the same in every detail as those shown in other
publications produced by the Energy Section of Statistics Canada. From time to time, revisions to previous years may be
incorporated in the database; tables 25-10-0026-01 (www.statcan.gc.caft1/bl1/en/tv.action?pid=2510002601 ) , 25-10-0027-
01 (www.statcan.gc.cat1/tbi1/enftv.action?pid=2510002701 ) , 25-10-0028-01 (www.statcan.gc.ca/ti/thi1/en/tv.action?
pid=2510002801 ) , 25-10-0028-01 (www:.statcan.gc.cati/tbl1/en/tv.action?pid=2510002901 ) 25-10-0030-01
(www.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2510003001 ) and 25-10-0031-01 (www.statcan.gc.ca/t1/thi1/en/tv.action?
pid=2510003101 ).
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Mutable Sources

Might not be a valid view any longer
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Mutable Sources

Problem ?
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Mutable Sources

Similar to maintaining
materialized views when
a base relation is updated
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Problem Statement

Given an extraction specification and view/document
update languages how can updates of source
documents be translated to view update Instance?




Information Extraction
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Mutable Views

Might not be in a valid state any longer
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Mutable Views
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Classical View Update Problem
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View Is many-to-one
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Problem Statement

Given an extraction specification and view/document
update language how can source documents be
updated to produce the modified view?




Extracted View Update Problem
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Information Extraction
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Collection of Medical Documents

Privatized Documents
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Motivation

Collection of Medical Documents
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Collection of Medical Documents

Privatized Documents
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'the same information extraction.
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Robust Extraction Algorithm

A given extraction algorithm Is robust If purposeful

modifications of text produce exactly the expected changes to
the table with no other entries affected.

For all possible input documents, all entries in the extracted table, and all values in
cach entry’s domain.




Characterization of Robust
Information Extraction Programs



Notation and Terminology
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set of all possible words

D
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a sequence of words D = (wy,..., wpar), w; €W
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m>0,b=a+m
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D

set of all possible documents

T -ary record

consists of T attributes,
it" attribute A; has domain W, C W Wk

T-ary table,

J B (Al - Wi,..., A'T . H':T)

set of all possible records that could appear in T

X:D—>R

extraction function




Notation and Terminology

F indexed set of domain preserving functions
F=A{filfi : W; = W}

ie[l...T], W; is the domain for attribute A;

- {fk(l'k) itk—=39,
e =

Ve otherwise.




Properties of Extractors



Strict Extractor

appearing in the input.

For every possible input document, the set of extracted values In
the corresponding record Is a subset of words and phrases
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Strict Extractor

Formally, X : D — R is strict if VD = (wq.....wn) € D,

X(D)=(v1,...07) =

0.

,ur} C{D[a.b]|1<a<b< N}.

T it et i B e O2 ] O] O for torgry; Sk g . T met et

e E e e e iranats o bt o raieny
S ﬁy -, v 1‘ = i -’l pra—y _,l Ao b
nﬁ-ﬁa.‘-ﬁ-b—/—a..ﬁz.’, & o S, e o o [

ol b e i £ s, renliot. itk fl it . T iramar . 32 et foutid o
i b o eyl ambeios e II e o e firoamie
il i i alindy it broaghl . Lkl b ertidiion. tn. S Tz
. SSRY~ I P -
P —— — of S dhemadidr
D pberatieddy. . o it st s 2 5/5 arength

Ko o i i o i iy, e o AR, gy i
Ltrticns e S it iy, rofls 0. o firgart .

Py p——

oof Ty for i, atid

it - 2k,
b oo oo, et e et bt b i et e fo oot o

=




Strict Extractor

If X is a strict extractor, we use Py (D, j) to denote the span(s)

in input document D € O from which v; is extracted.

Px(D, j)
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Strict Extractor

If X is a strict extractor, we use Py(D, j) to denote the span(s)
in input document D € O from which v; is extracted.

Data Lineage

We assume that the spans in Py (D, j) do not overlap.

Px (D, j)
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Strict Extractor

If X is a strict extractor, we use Py(D, j) to denote the span(s)
in input document D € 9 from which v; is extracted.

We assume that the spans in Py (D, j) do not overlap.

Px (D, j)
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Computable Extractor

A strict extractor iIs computable If for all possible Input
documents and corresponding extracted attributes, we have
access to positions from which the attributes are extracted.
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Computable Extractor

Formally, Vj € [1...7] and VD € D, X is computable if Px(D,j) is explicit

(given) or provided as a side-effect of running the extractor on D.
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Stable Extractor

Let X be a strict and computable extractor

D = (wq,...,wxr) be a document

A; be an extracted attribute with value v;

Px(D,j) = {(ai, b;)} be the set spans from which v; is extracted

Assume that 1 < a1 <bi <as <bs < ..<ap <b, <N



Stable Extractor

We define a modified document as:

9(D,j) = D[l,a1 — 1] e f;(v;) e D[b1 + 1,a2 — 1] e f;(v;)e
D[bz + 1 as — 1] ® f](l’J> ®:---0 D[bk -+ 1M



Stable Extractor

An information extraction algorithm is stable if

VD eDandVje[l...T]| we have X(D) =r = X(g9(D,j)) = F(j,r).



Stable Extractor

An information extraction algorithm is stable if

VD eDandVje[l...T]| we have X(D) =r = X(g9(D,j)) = F(j,r).

U

changing values In appropriate positions in a document
affects only the expected attribute In the extracted record.




Stable Extractor

D

Ms. Smith is 35 years old with
incapacitating back pain starting
2_1/2 years ago after a motor
vehicle accident. She had
intermittent episodes of pain
which were incapacitating for
the past 2 1/2 years. She has
tried a 50 pound weight loss. She
has undergone several epidural
steroid injections and three facet
Injections without any release in
pain. She now presents for an
elective decompression fusion .

p

Al A2
35 2 1/2

g(D. 2)

Ms. Smith is 35 years old with
Incapacitating back pain starting
3 years ago after a motor vehicle
accident. She had intermittent
episodes of pain which were
incapacitating for the past 3
years. She has tried a 50 pound
weight loss. She has undergone
several epidural steroid
injections and three facet
injections without any release in
pain. She now presents for an
elective decompression fusion .

Al A2
35 3




Stable Extractor

D

Ms. Smith is 35 years old with
incapacitating back pain starting
2_1/2 years ago after a motor
vehicle accident. She had
intermittent episodes of pain
which were incapacitating for
the past 2 1/2 years. She has
tried a 50 pound weight loss. She
has undergone several epidural
steroid injections and three facet
Injections without any release in
pain. She now presents for an
elective decompression fusion .

p

Al AZ
35 2 1/2

g(D, 2)

"MS. smith Is 35 years old with
Incapacitating back pain starting
3 years ago after a motor vehicle
accident. She had intermittent
episodes of pain which were
incapacitating for the past 3
years. She has tried a 50 pound
weight loss. She has undergone
several epidural steroid
injections and three facet
injections without any release in
pain. She now presents for an
elective decompression fusion .

A Ay
3




Stable Extractor

D

Ms. Smith is 35 years old with
incapacitating back pain starting
2_1/2 years ago after a motor
vehicle accident. She had
intermittent episodes of pain
which were incapacitating for
the past 2 1/2 years. She has
tried a 50 pound weight loss. She
has undergone several epidural
steroid injections and three facet
Injections without any release in
pain. She now presents for an
elective decompression fusion .

p

Al AZ
35 2 1/2

9(D, 2)

Ms. Smith is 3__5 years old with
Incapacitating back pain starting
3 years ago after a motor vehicle
accident. She had intermittent
episodes of pain which were
incapacitating for the past 3
years. She has tried a 50 pound
weight loss. She has undergone
several epidural steroid
injections and three facet
injections without any release in
pain. She now presents for an
elective decompression fusion .

A A,
35




Robust Extraction Algorithm

Proposition. For any strict, computable, and stable extractor X : D — R,
there exists an algorithm A(F,D,Px(D,j)) such that for all indexed sets of
domain preserving functions F = {fi|fi : Wi — W;, wherei € [1...T]} and any

document D € D, A(F,D, Px(D, j)) produces D}D_- in such way that F(X (D)) =
X(DZ).



Robust Extraction Algorithm

Claim. For any information extraction algorithm X having the aforementioned
properties, Algorithm 1 produces D2 in such a way that F(X (D))= X(D%).

Input: F, D, j — Px(D, )
Output: D7
DL 4D
for je[l1...7] do
for (a,b) € Px(D,j) do
‘ replace D[a,b] € D% by f;(Dl[a,b])
end

end
return D’

Algorithm 1: Updating a document.



Extracted View Update Problem

Data Lineage

F(r)

Vi1
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Verification
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Rule-based vs. ML

. : 100% — — -
 Entity extraction <
« EMNLP, ACL, NAACL, 2003- N Easy to N
2012 as% comprehend,
« 54 industrial vendors (Text _:glee' ] ma;]toa;?i}ndiigug
Analytics, 2012) 50% — performance:
lower reliance
= on labeled data
]—Hybrid K /
]—Machine
Fast development, fast adaptation, 0% — Learning
better results in limited time, NLP Papers AllVendors  Large Vendors Based
SR IgEIog (2003-2012) Commercial Vendors (2013)

[adopted from Chiticariu, Li, Reiss, EMNLP’ 13] 61



Verification OF JAPE Programs
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OVERVIEW OF JAPE

gener:f architecture

AT > &r text enqineering

Commonly used rule-based
Information extraction system

Rules are written
JAPE Language

N
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Simple JAPE Rule

PATTERN ACTION

¢, ~

-~
______________________
~ ~

S1(S9): 53 554) ﬁ55 —¥ S04 2B

RULE NEST

CONSTRAINT GROUP BINDING VARIABLE ANNOTATION



51 (SZ)ZOK 53 (54),5 55 — ZOC.A, :ﬁ.B

PATTERN
- R - N
describes a regular consumes the input and
expression over assign spans of text to
annotations binding variables




Phase: p1
Input: Token
Options: control= appelt

Rule: name
({Token.orth==upperInitial} )+:mark --> :mark.Name={rule="name"

Rule: addr
({Token} {Token.string=="@"} { Token} { Token.string =="."} {Token} ):mark -->
:mark. Addr={rule="addr"}

Rule: email
({Token.string =="email"} { Token.string =="address"}):mark -->
:mark. Email={rule="email"}

Rule: otherLower
({Token.orth==lowercase}):mark --> :mark.Lower={rule="otherLower"}

Phase: p2
Input: Lower Name Email Addr
Options: control = first

Rule: hasEmail
({Name}):person ({Lower})* {Email} ({Lower})* ({Addr}):contact -->
:person.Person= {rule = "hasEmail"}. :contact.Contact= {rule = "hasEmail"}

Rule: emailFor
({Addr}):contact ({Lower})* {Email} ({Lower})* ({Name}):person -->
:person.Person= {rule = "emailFor"}, :contact.Contact= {rule = "emailFor"}

Input

Only those edges In the annotation
graph that are labelled by input types
are visible to the rules in each phase.



Phase: p1
Input: Token
Options: control= appelt

Rule: name
({Token.orth==upperlnitial} ) +:mark --> :mark Name={rule="name"}

Rule: addr
({Token} {Token.string=="@"} {Token} { Token.string =="."} {Token} ):mark -->
:mark.Addr={rule="addr"}

Rule: email
({Token.string ="email"} { Token.string =="address"}):mark -->
:mark.Email={rule="email"}

Rule: otherLower
({Token.orth==lowercase}):mark --> :mark.Lower={rule="otherLower"}

Phase: p2
Input: Lower Name Email Addr
Options: control = first

Rule: hasEmail
({Name}):person ({Lower})* {Email} ({Lower})* ({Addr}).contact -->
:person.Person= {rule = "hasEmail"}, :contact.Contact= {rule = "hasEmail"}

Rule: emailFor
({Addr}):contact ({Lower})* {Email} ({Lower})* ({Name}):person -->
:person.Person= {rule = "emailFor"}, :contact.Contact= {rule = "emailFor"}

Policy

Policy determines the strategy to be taken
to pick a match when more than one span
can be matched and when matches might
overlap.



Phase: p1
Input: Token
Options: control= appelt

Annotated Text

Rule: name
({Token.orth==upperlnitial} )} +:mark --> :mark Name={rule="name"

Rule: addr

({Token} {Token.string=="@"} {Token} { Token.string =="."} {Token} ):mark --> . . '

:mark. Addr={rule="addr"} .. Note that John Doe has email address john@hotmail.com...
_ Person Contact

Rule: email

({Token.string ="email"} { Token.string =="address"}):mark -->
:mark . Email={rule="email"}

... lane@gmail.com is the email address for Jane

Rule: otherLower
Contact Person

({Token.orth==lowercase}):mark --> :mark.Lower={rule="otherLower"}

Phase: p2
Input: Lower Name Email Addr
Options: control= first

Rule: hasEmail
({Name}):person ({Lower})* {Email} ({Lower})* ({Addr}).contact -->
:person.Person= {rule = "hasEmail"}, :contact.Contact= {rule = "hasEmail"}

Rule: emailFor
({Addr}):contact ({Lower})* {Email} ({Lower})* ({Name}):person -->
:person.Person= {rule = "emailFor"}, :contact.Contact= {rule = "emailFor"}




Verification OF JAPE Programs



Strict JAPE Program

programs
containing
only simple
rules

Populates
tables using
extracted
annotations

Strict verifier needs to examine each rule to determine whether 1t 1s
simple.

B :(r.A, :[).B



Computable JAPE Program

* unique binding variables within the scope of the rule
* binding variables provide the start and end offsets of the spans
» the offsets can be used to determine P, (D, ])

Strict JAPE > Computable JAPE
Program Program

B — (. A, :[.B



Stable JAPE Program

Running a computable program over g(D, J) forallje[1,...,T], a
stable program extracts a correctly modified record.



D

Ms. Smith is 35 years old with
incapacitating back pain starting
2_1/2 years ago after a motor
vehicle accident. She had
intermittent episodes of pain
which were incapacitating for
the past 2 1/2 years. She has
tried a 50 pound weight loss. She
has undergone several epidural
steroid injections and three facet
Injections without any release in
pain. She now presents for an

g(D. 2)

elective decompression fusion .

p

Al AZ
35 2 1/2

Ms. Smith is 35 years old with
Incapacitating back pain starting
3 years ago after a motor vehicle
accident. She had intermittent
episodes of pain which were
incapacitating for the past 3
years. She has tried a 50 pound
weight loss. She has undergone
several epidural steroid
injections and three facet
injections without any release in
pain. She now presents for an
elective decompression fusion .

Al A2
35 3




D

Ms. Smith is 35 years old with
incapacitating back pain starting
2_1/2 years ago after a motor
vehicle accident. She had
intermittent episodes of pain
which were incapacitating for
the past 2 1/2 years. She has
tried a 50 pound weight loss. She
has undergone several epidural
steroid injections and three facet
Injections without any release in
pain. She now presents for an

elective decompression fusion .

p

Al AZ
35 2 1/2

g(D, 2)

"MS. smith Is 35 years old with
Incapacitating back pain starting
3 years ago after a motor vehicle
accident. She had intermittent
episodes of pain which were
incapacitating for the past 3
years. She has tried a 50 pound
weight loss. She has undergone
several epidural steroid
injections and three facet
injections without any release in
pain. She now presents for an
elective decompression fusion .

A Ay
3




D

Ms. Smith is 35 years old with
incapacitating back pain starting
2_1/2 years ago after a motor
vehicle accident. She had
intermittent episodes of pain
which were incapacitating for
the past 2 1/2 years. She has
tried a 50 pound weight loss. She
has undergone several epidural
steroid injections and three facet
Injections without any release in
pain. She now presents for an

9(D, 2)

elective decompression fusion .

p

Al AZ
35 2 1/2

Ms. Smith is 3__5 years old with
Incapacitating back pain starting
3 years ago after a motor vehicle
accident. She had intermittent
episodes of pain which were
incapacitating for the past 3
years. She has tried a 50 pound
weight loss. She has undergone
several epidural steroid
injections and three facet
injections without any release in
pain. She now presents for an
elective decompression fusion .

A A,
35




Undesired Conditions

Domain Inconsistency

J

Problematic Overlaps

\




Domain Inconsistency

Input: Token
Options: control= appelt

Rule: name
({Token.orth==upperInitial} )+:mark --> :mark.Name={rule="name"

Rule: addr
({Token}{Token.string=="@"} { Token} { Token.string =="."} {Token} ):mark -->
:mark. Addr={rule="addr"}

Rule: email
({Token.string =="email"} { Token.string =="address"}):mark -->
:mark Email={rule="email"}

Rule: otherLower
({Token.orth=—=lowercase}):mark --> :mark.Lower={rule="otherLower"}

Phase: p2
Input: Lower Name Email Addr
Options: control = first

Rule: hasEmail
({Name}):person ({Lower})* {Email} ({Lower})* ({Addr}):contact -->
:person.Person= {rule = "hasEmail"}, :contact.Contact= {rule = "hasEmail"}

Rule: emailFor
({Addr}):contact ({Lower})* {Email} ({Lower})* ({Name}):person -->
:person.Person= {rule = "emailFor"}. :contact.Contact= {rule = "emailFor"}




Domain of fj €F Is a subset of the
domain formed by the rule
corresponding to attribute A;, for j €
[1,....T],

Phase: p1
Input: Token
Options: control= appelt

Rule: name
({Token.orth==upperInitial} )+:mark --> :mark.Name={rule="name"

Rule: addr
({Token}{Token.string=="@"} { Token} { Token.string =="."} {Token} ):mark -->
:mark. Addr={rule="addr"}

Rule: email
({Token.string =="email"} { Token.string =="address"}):mark -->
:mark.Email={rule="email"}

Rule: otherLower
({Token.orth=—=lowercase}):mark --> :mark.Lower={rule="otherLower"}

Phase: p2
Input: Lower Name Email Addr
Options: control = first

Rule: hasEmail
({Name}):person ({Lower})* {Email} ({Lower})* ({Addr}):contact --=
:person.Person= {rule = "hasEmail"}, :contact.Contact= {rule = "hasEmail"}

Rule: emailFor
({Addr}):contact ({Lower})* {Email} ({Lower})* ({Name}):person --=
:person.Person= {rule = "emailFor"}, :contact.Contact= {rule = "emailFor"}




* If a rule’s nest can serve as a different part of the same rule’s pattern or
as a part of some other rule’s pattern.

A possible match for R, \

o

A possible match for
Rl

A possible match for
RZ

A possible match for R, \




Not Problematic
for
First policy

Problematic
for
Appelt policy

A possible match for
Rl

_

A possible match for
RZ

A possible match for R,

A possible match for R,

e




Rubber Band Analysis

A possible match for R’
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Stable JAPE Program

©:0-0




 The rubber band analysis accepts a pair of simple un-nested rules.

51 (52):a 53 (54 (S5 (56 (57):m Sg):y S9):0):f — annotate spans corresponding to a, 5,0, y, and n.

 The rubber band analysis take into account the effects of prior rules



Rubber Band Analysis
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Push-Down
\_ J
Transform -
to non-

Y

nested rules

-

Y

.

Rubber
Band
Analysis

~

J




Push-Down Algorithm

Tokenizer

y

Phase 1

Phase 2

Phase 3

Push-Down

Tokenizer

y

Phase 1

Phase 2

Phase 3




Transformation Algorithm

Phase: phasel
Input: Token
Options: control = appelt

Rule: FemaleName
((({Token string =="MIs"}|{ Token string =="NIrs"}|{ Token string =="MMiss"}) { Token string==""}):mark] ({Token orth==upperlnitial} ) :mark( >
-mark] Title={rule="FemaleNames"}. :mark( WholeName={rle="FemaleNama"}

Flatrenad
Phases

Phase: RdcRules
Input: Token
Options: control = appelt

Eule: FemalsName
({({Token string ="Ns"} { Token siring =="NIrs"}|{ Token string =="Aliss"}) { Token string ="_"}) ({ Token orth==upperlmtial} =) ‘markl >
‘mark() WholeName={rle="FamalaNams"}

Phase: BaseRules
Input: Token
Options: control= all

Bule: FemaleName
((({Token.string =="IIs"} { Token string ="Nirs"}|{ Token string =" Miss"}) { Token string ="_"})):mark] ({Token orth==upperInitial} +->
:markl Temp={rule="FemaleName"}

Phase: RecovRules
Input: Temp WholelName
Options: control = all

Rule: FemalsName
(Temp within Whola®Nams) X > X Title




Work In Progress

« Exploring necessary properties

* Loosening simplifying assumptions such as independence between
extracted attributes

 Developing verification tools for extractors based on machine learning
techniques




Thank you!



