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XLNNTN trong tim kiém théng tin

IR it quan tdm dén nglr nghia, vd:

— Tim “Micheal Jordan” (cau thd bong rd, nha nghién ctru vé
hoc may)

— Tim “laptop”, khdng tim “notebook”

C6 nhiéu cai tién dwa trén phan tich lién két

Phan tich lién két 1a mét dang cua phan tich thwc

chirng: con ngwoi nght cai gi la chinh xac va quan

trong

St dung tri tué con ngwdi ludn thang tri tué nhan tao:
con nguoi ludn co thé duyet tren tap két qua

Tap trung vao cac truy van ngan thdng dung va cac
ban tin
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whiy Careerbuilder.com Post Your RESUME Here to Reach Thousands of Employers - £'s FREE!

Jobh Opening At Flindog.Com
we FlipDog.com  Fetchyour next job

at FlipDog com

softimage: Community:: Discussion Groups:ds.archive.0004

... Le Rudulier; Drive space Ken Skaggs, Help about rendering denis courtot, JOB OPENING ... Tory
Cacciarelli; RE: ALE Karim Arbaoui, RE: omf to timeline Martin Baker; Re ...
wowie softimage . comficommunity fsifdiscuss! Archivesids archive 0004 defaut htm - 49k - Cached - Similar pages

softimage: Community:: Discussion Groups: ds.archive 0004

... e JOB OPENING Philip Herring - 200004528 2235, .. RE: omf to timeline Martin

Baker - 200004526 17:33; Re: omf

wiiy Soflimage.comicammunityfsifdiscussiarchivess ds archive D004 Threadindes htm - 50k - Cached - Similar pages

totimeline adam - 20000426 1311 ...

[ More results from waww softimage.com |

Gl : Job Opening

whvy genomics cornel edujobsiview job.cfm™d=10 - 15k - Cached - Similar pages

Infarmation Activist Jobh Openin

- May 2001

hed - Similar pages

wh I0C orgidatacerterjob itml - Bk - Cac

Fost an Employes Benefits Job Opening (Help Wanted) Ad

... edit the ad to add & new job opening ...

a5 possible when it is emailed to 2 935 job ... jpbsiposthelpwanted shtml

~Webmaster: webmastergBenefitsLink.com (Dave Baker ...
e benefitslink comijobsiposthelpwanted shiml - 24k - Cached - Similar pages

Fost an Emplayes Benefits

Job Opening (Help \Wantad) Ad

Emplovee Benefits Jobs! Braugnt to
wove benefitslink . comiobs/pricing
[ More results from i benefitsli

you by BenefitsLink (tm) and its EmployeeBenefitsJobs com (tm) division.

nfo.shtml - 7k - Cached - Similar pages
nk.com |

Martin Baker, a person

Genomics job

Employers job posting form




Vi du: mot giai phap
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Trich rat théng tin vé quang cao viéc 1am tir Web

a OFUS International, Inc.. an executive search firm focusing on the Food Science industry. - Microsoft Internet Ex

File Edit ‘“iew Favorites

3 0OPUS: Job Listings - Microsoft Internet Explorer
- e File Edit iew Favortes Toolz Help

J Back FDlWald Stop - o e ﬁ @
) ) 2 1
J el @ hitp:/ s foodscier Elact Fariward Stop  Refresh  Home Search Favorite JO Tltle' Ice Cream Guru
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-
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Job Openings

Category
Keyword

rvices

Food Se
Baker

Location = Continental U.S.

= Employers = Support

Fatch Your Next Job Here™

The
University Learn ¥hile You Earn  Click here to e-mail your resurme

to 1000

lé'l Alliance” mpa, BA, AA Degrees of Head Huriters with

A BIER ECUTATION NETWORK A B
Degrees Online Cnline & Project Mt. ResumeZapper.com

how ta easlly

DOUBLE showes why most people
purchances

EBreakthrough ebook

are VWRONG about howe
to apply for jobs.

1-25 of 47 jobs shown below

Search these results for: |
View: Brief | Detailed

Web Jobs: FlipDog technology has found these jobs on thousands of empl

Food Pantry Waorkers at Lutheran Social Services

Cooks at Lutheran Social Services

Bakers Assistants at Fine Catering by Bussell Morin

Baker's Helper at Bird-in-Hand

Assistant Baker at Gourmet To Go

Host/Hostess at Sharis Bestadrants

Cooks at Alta's Bustler Lodge

Line attendant at Sun “alley Coporation

Food Service Worker II at Garden Growve Unified School District

Might Cook / Baker at SONQCO

Cooks/Prep Cooks at GrandYiew Lodge

Line Cook at Lone Mountain Ranch

Production Baker at Whole Foods Market

Cake Decorator/Baker at Mandalay Bay Hotel and Casino

Shift Supervisors at Brueggers Bagels

&2 Search tips Show Jobs Posted:

oyer Web sites,

Cctober 11, 2002

Cctober 11, 2002
October 11, 2002
Cctober 11, 2002
October 11, 2002
Cictober 10, 2002
Clctober 10, 2002
Cctober 10, 2002
Cictober 10, 2002
Clctober 10, 2002
October 10, 2002
Cctober 10, 2002
Cctober 03, 2002
October 03, 2002
Cctober 08, 2002

12

For all time periods

Archbold, OH

Archbold, OH
Attleboro, bAA,
United States

Maryland Heights, b0

Beaverton, OF

Alta, UT

Huntsville, UT
Garden Grove, CA

Hourma, L&

Misgwa, bl

Big Sky, MT
Willowebrook, L

Las “egas, MY
Minneapolis, kM




rich rat thong tin

« Cac hé thong Trich rat thong tin:
— Tim va hiéu mdt sd phan trong van ban
e Cac théng tin r6 rang (who did what to whom when?)
— Xay dwng mdt cach biéu dién cé cau truc cac thdng tin lién
quan, nhw cac quan hé trong CSDL
— Két hop tri thirc vé ngdn ng¥ va mién (rng dung
— Tw ddng trich rut cac théng tin mong mudn
. Vd
— Thu thap théng tin vé Igi nhudn tir cac bao cdo cla céng ty
— Hoc cac twong tac gitra thudc va gen tr cac nghién clru y
hoc
— Tao ra cac thé thdong minh “Smart Tags” (Microsoft) trong cac
tai liéu



Quang cao nha dat

<ADNUM> 2067206v1

</ADNUM>
e Cac quéng cao 67 <DATE>March, 02 </DATE>
dang van ban <ADTITLE> MADDINGTON
R $89,000</ADTITLE>
* Thém cac the co <ADTEXT>OPEN 1.00-
ban: chi 70+ to 1.45<BR> U 11/10 BERTRAM
bao v&i 20+ nha ST<BR> NEW TO MARKET

Xué't bén co thé Beautiful .<BR> 3brm.
R} freestanding <BR> villa, close
lam dwoc to shops & bus<BR> ideally
suit 1st home
buyer,<BR>investor & 55 and

over.<BR> </ADTEXT>
8



Tai sao cac cong cu tim kiém tai liéu khéng
lam dwoc

« Tim thong tin vé quang cdo nha dat :
— V| tri:
« Cac cum tw: only 45 minutes from Parramatta
— Gia: $120K < M < $200K
« Nhiéu gia: trwdc $155K, gior $145
— SO phong ngul: céac tir dong nghia (br, bdr, beds,
B/R)



rich rat thong tin

Nhiém vu: | LAy théng tin tir van ban va dién vao CSDL

October 14, 2002, 4:00 a.m. PT

For years, Microsoft Corporation CEO Bill Gates railed

against the economic philosophy of open-source
software with Orwellian fervor, denouncing its
communal licensing as a "cancer" that stifled
technological innovation.

Today, Microsoft claims to "love" the open-source
concept, by which software code is made public to
encourage improvement and development by
outside programmers. Gates himself says Microsoft
will gladly disclose its crown jewels--the coveted
code behind the Windows operating system--to
select customers.

"We can be open source. We love the concept of
shared source," said Bill Veghte, a Microsoft VP.
"That's a super-important shift for us in terms of
code access.”

Richard Stallman, founder of the Free Software
Foundation, countered saying...

—

\

NAME TITLE ORGANIZATION
Bill Gates CEO Microsoft
Bill Veghte VP Microsoft
Richard Stallman founder Free Soft..

10




“Trich rut thong tin” la gi?

La1 hocac
cong cu:

Information Extraction =
segmentation

October 14, 2002, 4:00 a.m. PT

For years, Microsoft Corporation CEO Bill
Gates railed against the economic philosophy
of open-source software with Orwellian fervor,
denouncing its communal licensing as a
"cancer" that stifled technological innovation.

Today, Microsoft claims to "love" the open-
source concept, by which software code is
made public to encourage improvement and
development by outside programmers. Gates
himself says Microsoft will gladly disclose its
crown jewels--the coveted code behind the
Windows operating system--to select
customers.

"We can be open source. We love the concept
of shared source," said Bill Veghte, a
Microsoft VP. "That's a super-important shift
for us in terms of code access.*

Richard Stallman, founder of the Free
Software Foundation, countered saying...

Microsoft Corporation
CEO

Bill Gates
Microsoft

Gates

Microsoft

Bill Veghte
Microsoft

VP

Richard Stallman
founder

Free Software Foundation

“named entity
extraction”
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“Trich rut thong tin” la gi?

La1 hocac
cong cu:

Information Extraction =
segmentation + classification

October 14, 2002, 4:00 a.m. PT

For years, Microsoft Corporation CEO Bill
Gates railed against the economic philosophy
of open-source software with Orwellian fervor,
denouncing its communal licensing as a
"cancer" that stifled technological innovation.

Today, Microsoft claims to "love" the open-
source concept, by which software code is
made public to encourage improvement and
development by outside programmers. Gates
himself says Microsoft will gladly disclose its
crown jewels--the coveted code behind the
Windows operating system--to select
customers.

"We can be open source. We love the concept
of shared source," said Bill Veghte, a
Microsoft VP. "That's a super-important shift
for us in terms of code access.*

Richard Stallman, founder of the Free
Software Foundation, countered saying...

Microsoft Corporation
CEO

Bill Gates

Microsoft

Gates

Microsoft

Bill Veghte

Microsoft

VP

Richard Stallman
founder

Free Software Foundation
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“Trich rut thong tin” la gi?

La 1Ah9 Cac | |nformation Extraction =
cong cu. segmentation + classification + association

October 14, 2002, 4:00 a.m. PT

For years, Microsoft Corporation CEO Bill - -
Gates railed against the economic philosophy Microsoft Corporation

of open-source software with Orwellian fervor, CEO
denouncing its communal licensing as a
"cancer" that stifled technological innovation. Bill Gates

Today, Microsoft claims to "love" the open- Microsoft
source concept, by which software code is Gates
made public to encourage improvement and -
development by outside programmers. Gates M.ICI'OSOft
himself says Microsoft will gladly disclose its Bill Veghte
crown jewels--the coveted code behind the .

Windows operating system--to select Microsoft
customers. VP

"We can be open source. We love the concept Richard Stallman
of shared source," said Bill Veghte, a founder

Microsoft VP. "That's a super-important shift .
for us in terms of code access.* Free Software Foundation

Richard Stallman, founder of the Free
Software Foundation, countered saying...




“Trich rut thong tin” la gi?

La1 hocac
cong cu:

Information Extraction =
segmentation + classification + association + clustering

October 14, 2002, 4:00 a.m. PT

For years, Microsoft Corporation CEO Bill
Gates railed against the economic philosophy
of open-source software with Orwellian fervor,
denouncing its communal licensing as a
"cancer" that stifled technological innovation.

Today, Microsoft claims to "love" the open-
source concept, by which software code is
made public to encourage improvement and
development by outside programmers. Gates
himself says Microsoft will gladly disclose its
crown jewels--the coveted code behind the
Windows operating system--to select
customers.

"We can be open source. We love the concept
of shared source," said Bill Veghte, a
Microsoft VP. "That's a super-important shift
for us in terms of code access.“

Richard Stallman, founder of the Free
Software Foundation, countered saying...

Microsoft Corporation
CEO
Bill Gates

Microsoft
Gates

Microsoft

Bill Veghte
Microsoft
VP

Richard Stallman
founder
Free Software Foundation

ORGANIZATION
Microsoft

TITLE
CEO
VP

Bill Gates
Bill Veghte

NAME

Microsoft

Free Soft..

founder

Richard Stallman

—
N




Cac ndi dung cua IE

Spider

j Filter by relevance
IE

Segment
7 Classify
J Associate
Cluster
L7

Train extraction models

Label training data

Load DB

Database

Query,
Search

N

Data mine

15



Cac khé khan trong IE (1/4): Pinh dang van ban

Text paragraphs Grammatical sentences
without formatting and some formatting & links
: Dr. Steven Minton - Founder/CTO o Press
Astro Tell§r is the CEO and co-fo.under. Of. Dr. Minton is a fellow of the American
BodyMedia. Astro holds a Ph.D. in Artificial Association of Artificial Intelligence and was General
. . . . fici L
Intelligence from Carnegie Mellon University, the founder of the Journal of Artificial information
) ) Intelligence Research. Prior to founding Fetch, e
where he was inducted as a national Hertz fellow. Minton was a faculty member at USC and a :n Elrsctlons
His M.S. in symbolic and heuristic computation FYOJ_ECt |9;d9f gt USC'?YInIforwqhon _SCIEHC?ES P
. . nstitute. A graduate of Yale University an
anq B.S: in cqmputer science are from Stanford Camnegie Mellon University, Minton has been a
University. His work in science, literature and Principal Investigator at NASA Ames and
business has appeared in international media from taught at Stanford, UC Berkeley and USC.
the New York Times to CNN to NPR. Frank Huybrechts - COO
Mr. Huybrechts has over 20 years of
Non-grammatical snippets,
rich formatting & links fl= L iieas)
Barto, Andrew G. (413) 545-2109 barto@csumassedu  CS276 8:30- 9:30AM }nvited Talk: Plausibility Measures: A General Approach for Representing Uncertainty
oseph Y. Halpern, Comell University
gmfess‘sfﬁ | _ » learming. adanti 0:30- 10:00AM | Coffee Break
omputational neuroscience, reinforcement learning, adaptive T : T
motor control, artificial neural networks, adaptive and learning 10'00. .HjOAM Ted.mlcal Paper Sessions: -
I W ———y Cogm!]ve Logic . Natural_Language Complt_axlty Neural Games
control, P Robotics Programming Generation Analysis Networks
Berger, Emery D. (413) 577-4211  emery@cs.umassedu 5344 739: A Logical  |116: A-System:| 758: Title 417:Let'sgo  ||179: Knowledge |71: lterative
i Account of Causal |Problem Generation for Nats: Extractionand |Widening
GRS HETes and Topological  |[Solving Machine-Translated Complexity of |Comparison Tristan
Brock, Oliver (413) 577-0334  oli@cs.umass.edu CS246 Maps through Documents Nested from Local Cazenave
: Emilio Remoling | Abduction Rong Jint and Circumscription | Function
Assistant Professor. and Benjamin Mare Alexander G. and Netvrorks
Clarke, Lorxi A. (413) 545-1328  clarke@csumassedu  CS304 Kuipers Lenecker, Hauptmann Abnormality | Kenneth
Antonis Kakas, Theories Mectrary, Stefan
Professor. . i i . and Bert Van Muarco Cadoli, ||Wermnter, and
Software verification, testing, and analysis; software architecture Nuffelen Thomas Eiter, |John Macintyre
and design. and Grearg
Cohen, Paul R. (413) 545-3638 cohen@csumassedu CS278 ______|[Gordob
549: 131: A 246: Dealing with  |470: A 258: 353: Temporal
Professor. . Online-Execution |Comparative | Dependencies Perspectiveon | Violation-Guided| Difference
Planning, simulation, natural language, agent-based systems, of ccGolog Plans  ||Study of Logic  between Content  |Knowledge Learning for Learning
intelligent data analysis, intelligent user interfaces. Henrik Grosskrewtz| Programs with | Planning and Compilation Constrained Applied toa
and Gerhard Preference Surface Realisation | Adnan Formulations in |[High
Lakemeyer Torsten Schaub in a Pipeline Darwiche and |Neural-Network |Performance
and Kewen Generation Fierre Marguis | Time-Series Game-Flaying




Cac kho khan trong IE (2/4).
Miéeu dir liéu xuwr ly

Web site specific

Formatting

Amazon.com Book Pages

Ge‘l$501‘f s amazoncoma e VIEW CART
YOUR TOYS &

Machine Learning B ccriowcs | ovo | 33 |

by Tom M. Mitchell sEARcH | BROWSE  preroriipRs  mMAGAZINES  CORPOR/

SUBJECTS ACCOUN

Learning in Graphical Models
by Michael Irwin Jordan {Editor)

00K INSIDg, List Price: 35000
1 o3 L Price: $60.00
L

Ladk ingide this ik )

- This itern shipz for FREE with Supel

= Buy Now Pay | _i‘;ﬂf Availability: Usually ships within 2 to 3 ds
sl

Lo inzsde s gk

Used & new i 20,00
Great Buy an §

. . Edition: Paperback | All Editions
Buy this book with 2,

» See more product details

Great Buy

Buy this book with frobabilistic Reasoning in Intelligent Systems |
B : Buy Together Today: §128.95

-3 SE
@ Buy both now! )

Genre specific

Wide, non-specific

Layout

Resumes

Jason D. M. Rennie

Language
University Names

Invited Talk: Plausibility Measures: A General Appro:

8:30- 9:30 AM
Joseph Y. Halpern, Cornell University

Massachusetts Institute of Technology frennie@al.mit.edu Coffee Break
rl\il]lﬂTl}:ir&:;ggﬂfqng hnpflmm-.ai.mit‘edw([éel(;glgggergggeg Technical Paper Sessions:
Cambridge, MA 02139 Logic Natural Language | Complexity [N
Research Interests Programming Gener.ation Analysis N
My main interests lie in the automated analysis of data for the purposes of classification, ggbl}e\;ns}’swm ?GseslleTr;lttlleOH for :]LL :Let S0 ]g
and Topological  |[Solving Machine-Translated Complexity of  ||C
Maps through Documents Nested fr
L. Douglas Baker Emilio Remolina | Abduction | RongJin and Circumseription |Fu

and Benjamin Mare Alexander G. and N

Mafl Home Address  available upon request Kuipers Denec_ker, Houptmann Abnoymality K

M e Address  Wean Hal, 8102 Antonis Kakas, Theories

E:“ School of Computer Science and Bert Van Muarca Cadoli,

Pre] Carnegie Mellon University o L .

o Bltabgh P 6215

S Dr. Steven Minton - Founder/CTO

Carl Office Phone (412) 683-6036 s h :

.58 Home Page i s e edu-ibap Dr. Minton is a fellow of the American

Te e A position in a dynamic, highly-skilled applied research and development team using Assomatlon Df Amﬂmal |I"ItE"|gEI':ICE_ and Wwas ° General

Objective ﬁ:{#ﬂ:;ﬁcﬂ; ‘glaar:s%la%osﬁm large-scale, real-world tasks such as Information the founder of the Journal of Artificial inf i

I ' Intelligence Research. Prior to founding Fetch, | Mormaton
o Edwalon  Camoge ekon bevorsity Pltbagh,PA Minton was a faculty member at USC and a » Directions
: P, Comur S g project leader at USC's Information Sciences | MaPS

. Techaies Unersty of Bevin Berin, Gemnany Institute. A graduate of Yale University and

T T Camegie Mellon University, Minton has been a
University of Michigan A Avbar, Ml Principal Investigator at NASA Ames and
MS.E., Computer Science and Engineering, 1994 BSE., taught at Stanford, uc BerI(EIEy and USC.
Computer Engineering, Summa Cum Laude, 1992
Research
Beretee Camegie Mellon University 1984-present Frank Huybrechts -C00
Mr. Huybrechts has over 20 years of
| am currenily pursuing my dissertation research: a hierarchical probabliti
model for novelty detection in text, This work is being done as part of the Topic



Cac kho khan trong IE (3/4):
Do phtrc tap

E.g. word patterns:

Closed set Reqular set
U.S. states U.S. phone numbers
He was born in Alabama... Phone: (413) 545-1323
The big Wyoming sky... The CALD main office can be
reached at 412-268-1299

Complex pattern Ambiguous patterns,
needing context and

U.S. postal addresses many sources of evidence
University of Arkansas Person names
P.O. Box 140 ...was among the six houses
Hope, AR 71802 sold by Hope Feldman that year.
Headquarters: Pawel Opalinski, Software
1128 Main Street, 4th Floor Engineer at WhizBang Labs.
Cincinnati, Ohio 45210 18




Cac kho khan trong IE (4/4):

Trwong div liéu/ban ghi

Jack Welch will retire as CEO of General Electric tomorrow. The top role
at the Connecticut company will be filled by Jeffrey Immelt.

Single entity Binary relationship N-ary record
Person: Jack Welch Relation: Person-Title Relation: Succession
Person: Jack Welch Company: General Electric
Person: Jeffrey Immelt ILES CEO LS CEO
Out: Jack Welsh
In: Jeffrey Immelt

Relation: Company-Location
Company: General Electric
Location: Connecticut

Location: Connecticut

Trich rat thuc thé (“Named entity” extraction)
19



Panh gia hé thong trich rut thwc the
bung:
Michael Kearns and Sebastian Seung will start Monday'’s tutorial, followed by Richard M. Karpe and Martin Cooke.
Dw doan:

Michael Kearns and Sebastian Seung will start Monday’s tutorial, followed by Richard M. Karpe and Martin Cooke.

# correctly predicted segments 2

Precision = = —
# predicted segments 6
# correctly predicted segments 2

Recall = = —
# true segments 4

1
(1/P) + (L/R)) / 2

F1

Harmonic mean of Precision & Recall =

20



Cac ket qua trén thé gidi

« Nhan dang thwc thé tr cac ban tin
— Person, Location, Organization, ...
— 85% < F1 <95%

» Trich rat quan hé gitra cac thwc thé

— Contained-in (Locationl, Location2)
Member-of (Personl, Organizationl)

— 60% < F1 <90%

21



Trich rut thong tin

Nhan dang thwe thé (Named Entity
Recognition): dinh vi va phan loai cac thanh
phan don vj trong van ban thanh cac loai
dwoc dinh nghia trwdc nhw tén riéng (tén
ngudi, td chire, noi chon), thoi gian, ...

Trich rut quan hé (Relation Extraction):
trich rat moi quan hé gitra cac thuc thé

22



Nhan dang thwc thé

VVao: van ban chwa gan nhan, tap nhan
Ra: van ban da gan nhan
VD:

Hi. My name is <Person> Hang Dinh </Person>. | am currently attending
the <Domain> Computer Science </Domain> PhD program at the
<University> University of Connecticut </ University>.

23



Nhan dang thwc thé

= Huwdng tiép can

= Dung luat thu céng: Quan sat qui luat cua dir liéu
« Uu diém: B6 chinh xac cao
- Nhwoc diém: khéng x&r ly dwoc trwdng hop chua
dé cap trong luat.

= Sinh luat dwa trén hoc may : hoc dé tao mé hinh
phan loai dir liéu ttr di¥ li€u mau.
«  Uu diém: dap ng dwoc tap di liéu moi
«  Nhuwoc diém: can tap di liéu I&n da gan nhan

24



NER - Luat tao thu coéng

* Biéu dién Iluat: Contextual Pattern = Action

« MAau nhan dang gdom cac mau gan nhan dé lwu
cac dac trwng cua thwe thé va ndi dung cua né
« Cac dac truwng cua 1 token:
— twr
— tw loai
— dinh dang tw: viét hoa, s0, ...
— tién t0, hau 1o, ...
— Hanh déng: gan nhan thwc thé cho 1 chubi cac
token

25



NER - Luat tao thu céng

Cac luat NER co 3 dang:
 Néi dung trudc 1 thye thé
 Néi dung trong 1 thuc thé
» Nbi dung sau 1 thyc thé

VD:

“Dr. Peter”
» ({DictionaryLookup = Titles}{String = “."}{Orthography type =
capitalized word}) - Person Name.
o T dién Titles gf“)m cac tw “Prof”, “Dr”, “Mr”, ...
“The XYZ Corp.” hoac “ABC Ltd.”
o ({String="The"}? {Orthography type = All capitalized}
» {Orthography type = Capitalized word, DictionaryType =
 Company end}) —» Company name.

2626



GATE

GATE - General Architecture for Text Engineering
GATE hé tro cac nha phat trién phan mém trén 3 khia
canh:

— Kién tric phan mém

— B0 khung

— M@i trwdng phat trién phan mém

GATE c6 3 dang tai nguyén, goi la CREOLE (Collection
of REusable Object for Language Engineering).

— tai nguyén ngoén ngir (Language Resource)

— tai nguyén x& ly (Processing Resource)

— tai nguyén hién thi (Visual Resource)
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Kién truc IE trong GATE

g

Document format
=ML, HTML, SGML, email, @)

|

Input; SATE
URL or text Document
. Character
TU;I«I{EE?wEijSEEI’ Class Sequence
Rules

l

Fo Gazetteer

Lists }

Lookup
Centence JAPE Sentence
Splitter Fatterns
Hepple POS Brill Fules
Tagger Lexican

ANNIE
IE modules

semantic
Tagger

JAPE IE
=rammar
Cascade

Ortho
Matcher

|

Fronaominal
Coreferencer

MOTE: sguare boxes are
processes, rounded ones are
data.

Output:

1—[ JAPE Grammar ]

GATE Document
*ML dump of
IE Annotations
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Some NER rules in GATE

Tule: TheGazOrganization

Priority: 5(

// Matches “The <in list of company names="

( {Part of speech = DT | Part of speech = RB} {DictionaryLookup = organization})

— Organization

Rule: LocOrganization

Priority: 5i

// Matches “London Police™

({DictionarvLookup = location | DictionarvLookup = countryv} { DictionaryLookup
= organization} {DictionaryLookup = organization}? ) — Organization

Rule: INOrgXandy

Priority: 200

/f Matches “in Bradford & Bingley”, or “in Bradford & Bingley Ltd”

{ {Token string = “in"} )

({Part of speech = NNP}4 {Token string = “&"} {Orthography type =
upperlnitial}+ {DictionaryLookup = organization end}? jorgName — Organiza-
tion=:o0rgName

Rule: CrgDept

Priority: 25

// Matches “Department of Pure Mathematics and Physics”

({Token.string = “Department” } {Token.string = “of"} {Orthography type = up-
perlnitial }+ ({Token.string = "and”} {Orthography tyvpe = upperlnitial}+)? ) —
Organization
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Du lich Ha Long 1 Ngay

Théi gian: 1 MNgay

Gia tour: £35-0604

Gia KM: 599.000d

Phwrong tién- Otd + thuyén

Khe&i hanh ngay: Hang ngay

Gii thiéu tour: Hanh trinh du lich Ha Long 1 Mgay tir Ha Nai & cing quy khédch dén vwéi ki quan thién
nhién thé gidri tai Viét Mam. Twr trén cao nhin xuéng Vinh Ha Long nhw mét birc tranh thuy mac khﬁ_ng 18
v ciing séng déng. B6 |a nhiing tac pham tao hinh tuyét m§. tai hoa ciia tao hod, cia thién nhién

o o enil

Du Lich Ha Long 2 Ngay (Ngd Dém Trén Du Thuyén 3 Sao Halong Dolphin)

Théi gian: 2 Ngay 1 Bém

Gia tour: 25560004

Gia KM: 1.795.000d

Phwong tién: Oté + Du thuyén

Khe&i hanh ngay: Hang ngay

Gigri thiéu tour: Hanh trinh tour du lich Ha Long 2 Mgay 1 d&ém s& dwa guy khach thuéng thic ve dep ky
bi clia Vinh Ha Lang trén du thuyén 3 sao Ha Long Dolphin. Viéi dang vé cla tau gé truyén thdng. con tau
dai 32 mét, ring 8 mét dwoc 1am tiv chét ligu gf tét nhét, dwee bao nguwdi nghé nhan day céng cham

khac. Chuyén di .
o3t o [

Du lich Ha Long 3 Ngay (2 Pém Trén Du Thuyén 3 Sao Halong Dolphin)
| Thoigian 3 Ngay 2 Dém

Gia tour: 3-935-6604

Gia KM: 2.950.0004

Phwong tién: Otd + thuyén

Khe&i hanh ngay: Hang ngay

Gii thiéu tour: Bén véi Vinh Ha Long nhw méat birc tranh thuy mac khéng 18 v cing séng déng. Véi tour

du lich Ha Long 3 Ngay gitip quy khach cam nhan dwec nhiing tac phdm tao hinh tuyét my. tai hoa cia

tao hoa, cha thién nhién bién hang ngan dao da va tri tinh lang kia tré nén nhikng tac phdm digu khac, hii

hoa ..
ot o [t

Du lich Ha Long - Dao Cat Ba 3 Ngay (1 dém ngu tau + 1 dém tai ks trén dao Cat Ba)

LA AN o

Thei gian: 3 Ngay 2 Bém

Gia tour: 3-576-6664

Gia KM: 2.956.000d

Phwong tién- O td + thuyén

Kh&i hanh ngay: Hang ngay

Gii thidu tour: Cat Ba vdéi v& dep nguyén so va hang vi, Cat ba duwgrc ménh danh 1a Han Mgoc cia Vinh 32
Bac Ba. Véi tour du lich Ha Lang Cat Ba 3 ngay 2 dém nay. Du lich Viét Nam s& dwa quy khach dén véi

dao C4t Ba - noi cd nhitng bdi tim min mang, phang lang, cd vwén Quéc Gia rang 600 ha tao .



Bai tap
Trich rut sw kién tw doan sau:
* Police sources have reported that unidentified individuals planted a
bomb in front of a Mormon Church in Talcahuano District. The bomb,
which exploded and caused property damage worth 50,000 pesos, was

placed at a chapel of the Church of Jesus Christ of Latter-Day Saints
located at No 3856 Gomez Carreno Street.

* Prosecutor Juan Carbone Herrera requested the 25 years
imprisonment for General Rolando Cabezas Alarcon of the Republican
Guard for ordering the shooting of 124 of the San Pedro prison
iInmates.

« Last night in San Clemente District, 9 km north of Pisco, a group of
terrorists dynamited machinery belonging to Albolones Peruanos, Inc.

Cho biét cac van dé cé thé xay ra khi phan tich tr vuwng va NER. Vd:
1. Cho vi du cac thdng tin c6 trong cac cau trén.
2. Cho vi du vé céac tén va cac dang dac biét khac . Viét luat dé tim ra
chung.
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Bai tap (tiep)

. Bay gi® st dung Wordnet dé xt ly doan trén

. E)lfa cac tw & vi du trén vao WordNet xem co
theé tan dung dwoc gi khong?

« Céc van dé khi str dung WordNet cho IE?

34



Bai tap

Hay phat hién loai thuwc thé va dé xuat luat nhan
dang thwc thé do:

« HAm nay, chi Nguyén Chi Mai di thanh pho Ho Chi
Minh

« Ong V& Nguyén Giap

« COngty TNHH nha dat Bai Nam, Ha Nbi

« PDuwdng Ta Quang Biru

-« Andrew Grove |a mdt giam doc cong ty

* Vinamilk, cong ty sra I&n nhat Viét Nam, dwoc thanh
lap nam 1976.
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Cac ky thuat IE: cac mo hinh

Classify Pre-segmented

Lexicons Candidates Sliding Window
Abraham Lincoln was born in Kentucky. Abraham Lincoln was born in Kentucky. Abraham Lincoln was born in Kentucky.
\ J .............................. >
T member? Classifier v

Alabama Classifier
which class?
Alaska which class?
Try alternate

Wisconsin

Wyoming \window sizij H—JJ
Boundary Models Finite State Machines Context Free Grammars
IAbraham Lincoln@was born in Kentucky. Abraham Lincoln was born in Kentucky. Abraham Lincoln was born in Kentucky.
BEGIN ............................. > . . O O O . . . O O O .

Most likely state sequence?

o,
NNP NNP V. V P NP &

o
~_— \_\Q
Classifier PP &
&
hich class? o
which class VP @
NP
— VP

BEGIN END BEGIN END

Any of these models can be used to capture words, formatting or both.



Sliding Windows
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E.Q.
Looking for
seminar
location

Trich rat dung ctra so trwot

ERAND CHALLENGES FOB MACHINE LEARNING
Y
Jaime Carbonell
School of Computer Science
Carnegie Mellon University

3:30 pm
7500 Wean Hall

Machine learning has evolved from obscurity
in the 1970s into a vibrant and popular
discipline in artificial intelligence
during the 1980s and 1990s. As a result
of its success and growth, machine learning
is evolving into a collection of related
disciplines: inductive concept acquisition,
analytic learning in problem solving (e.g.
analogy, explanation-based learning),
learning theory (e.g. PAC learning),
genetic algorithms, connectionist learning,
hybrid systems, and so on.

CMU UseNet Seminar Announcement
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E.Q.
Looking for
seminar
location

Trich rat dung cira so6 trwot

GRAND &HALLENGES FOR MACHINEJLEARNING
Y
Jaime Carbonell
School of Computer Science
Carnegie Mellon University

3:30 pm
7500 Wean Hall

Machine learning has evolved from obscurity
in the 1970s into a vibrant and popular
discipline in artificial intelligence
during the 1980s and 1990s. As a result
of its success and growth, machine learning
is evolving into a collection of related
disciplines: inductive concept acquisition,
analytic learning in problem solving (e.g.
analogy, explanation-based learning),
learning theory (e.g. PAC learning),
genetic algorithms, connectionist learning,
hybrid systems, and so on.

CMU UseNet Seminar Announcement
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E.Q.
Looking for
seminar
location

Trich rat dung ctra so trwot

GRAND CHALLENGES FOR MACHINE LEARNING
\ - 4

Jaime Carbonell
School of Computer Science
Carnegie Mellon University

3:30 pm
7500 Wean Hall

Machine learning has evolved from obscurity
in the 1970s into a vibrant and popular
discipline in artificial intelligence
during the 1980s and 1990s. As a result
of its success and growth, machine learning
is evolving into a collection of related
disciplines: inductive concept acquisition,
analytic learning in problem solving (e.g.
analogy, explanation-based learning),
learning theory (e.g. PAC learning),
genetic algorithms, connectionist learning,
hybrid systems, and so on.

CMU UseNet Seminar Announcement
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E.Q.
Looking for
seminar
location

Trich rat dung cira sé truot

GRAND CHALLENGES FOR MACHINE LEARNING

Jaime Carbonell
School of Computer Science
Carnegie Mellon University

3:30 pm
7500 Wean Hall
\ J
4

Machine learning has evolved from obscurity
in the 1970s into a vibrant and popular
discipline in artificial intelligence
during the 1980s and 1990s. As a result
of its success and growth, machine learning
is evolving into a collection of related
disciplines: inductive concept acquisition,
analytic learning in problem solving (e.g.
analogy, explanation-based learning),
learning theory (e.g. PAC learning),
genetic algorithms, connectionist learning,
hybrid systems, and so on.

CMU UseNet Seminar Announcement
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Mo hinh ctra sé trwot “Naive Bayes”
[Freitag 1997]

00 : pm Place : Wean Hall Rm 5409 Speaker : Sebastian Thrun

W t-m w t-1 W t w t+n W t+n+1 W t+n+m

— N S~ _
' ' N

prefix contents suffix

Panh gia Pr(LOCATION|window) str dung luat Bayes
Thir tat ca cac ctra so trwwot hop ly (chiéu dai va vi tri thay déi)
Str dung gia thiét doc lap véi do dai, tien td, hau to, ttr ndi dung

Danh gia twe div liéu: Pr(“Place” in prefix]LOCATION)

If P(“Wean Hall Rm 5409 = LOCATION) > 6, extract it.

Cac phwong phap khac: cay quyét dinh trén cac tir don va ngiv canh cia né
42



Mo hinh clra s6 trwot “Naive Bayes”: két qua

Domain: CMU UseNet Seminar Announcements

GRAND CHALLENGES FOR MACHINE LEARNING

Jaime Carbonell
School of Computer Science
Carnegie Mellon University

Field F1

3:30 pm : 5

TEol ean dall Pel’SO.n Name: 30%

Location: 61%

Machine learning has evolved from obscurity Start Time: 98%

in the 1970s into a vibrant and popular
discipline in artificial intelligence during
the 1980s and 1990s. As a result of its
success and growth, machine learning is
evolving into a collection of related
disciplines: inductive concept acquisition,
analytic learning in problem solving (e.g.
analogy, explanation-based learning),
learning theory (e.g. PAC learning), genetic
algorithms, connectionist learning, hybrid
systems, and so on.
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BWI: Hoc phat hién bién
[Freitag & Kushmerick, AAAI 2000]

« Hoc 3 1&p dua trén xac suat:

— START(i) = Prob(vi tri i 1a bat dau mét trwérng)

— END(j) = Prob(vi tri j 1 két thic mét trwong)

— LEN(K) = Prob(trwong trich rat c6 dé dai k)
« Tinh diém kha nang trich rat (i,j):

START(i) * END(j) * LEN(j-i)

 LEN(k) dwoc woc lwong dwa trén histogram
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BWI: Hoc phat hi

100

én bién

80

60

—=

SA-stime ——
SA-etime —+—
SA-location -—&---
SA-speaker —#-—

— T 4
[ L L EEEEE LR B e L L e B R i aiielel 1
_______ 4

0 1 00

200 300
Boosting iterations T

Field F1
Person Name: 30%
Location: 61%

| Start Time: 98%
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Cac van de véi cira so trwot va hoc phat
hién bién

» Cac quyét dinh vé cac tlr bén canh doéc lap
v&i nhau.

— Naive Bayes Sliding Window c6 thé tién doan
“seminar end time” trwdc “seminar start time”.

— Trong hé thong tim bién, bwéc tim bién trai ddc
lap v&i buwde tim bién phai.
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Sam Chanrathany (2014)

Nhan xét

« Hé thdng NER chi nhan dang dwoc kiéu thuc
thé,cﬂa dir liéu c6 nglr canh trong tap dir liéu
huan luyén.

» Tén co thé xuat hién nhiéu lan trong van ban
dwoi nhiéu dang khac nhau (cac tén dong
tham chiéu) - co thé co cung moét kiéu thwe
the.

» C4c tén dong tham chiéu nay c6 thé xuat
hién nhiéu lan trong van ban trong cac ng
canh khac nhau.
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Sam Chanrathany (2014)

__nhan—

Tap van
ban nho

da gan

I

Tap van
ban I&n
chwa gan

__nhan—

Huan luyén

l

Mo hinh

Van ban da
gan nhan

l

Luat gan nhan
thu céng

J

Van ban da
gan nhan méi

49



Cac luat dong tham chiéu vé tén trong van
ban tieng Viét

Hai tén (N, va N,) la déng tham chiéu néu:

1. Hai tén gidbng nhau

2. M6t tén Ia phan tén cla tén con lai, vi du: “Mai Liém
Truec” va “Truc’.

3. Mét tép la bi danh cua tén khac, vi du: “Sai Gon” va
“TP H6 Chi Minh”.

4. Mot tén 1a viét tat cha tén khac, vi du: “IBM” va
“International Bussiness Machines”.

5. k chr dau va m chi cudi cGa hai tén giong nhau, voi
diéu kién k + mla s6 chi¥ cua N,, vi du: “Coéng ty CO
phéan Dai An” va “Cbéng ty Dai An”.
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Cac luat dong tham chiéu vé tén trong van
ban tieng Viét

6. Ngoai trir phan tién to, tat ca cac chir ca N, déu
xuat hién trong N, va phan tién t6 cia N, hoac Ia
giong tién to ctia N, hodc 1a viét tat phan tién to cla
N,, vidu: “Cbéng ty TNHH Apave Viét Nam”, “Cty
Apave Viét Nam’, “Cbng ty Apave” cung la tén cua
moOt cong ty.

7. M6t tén Ia phan cudi cla tén con lai, vi du: “Trinh
Chéan Trau” va “Chéan Trau’.

8. Phan cudi ciia mét tén Ia viét tat ki tw dau cla cac
chir trong phan cudi cla tén kia, phan con lai cla
hai tén giong nhau, vi du, véi “Bé Gido duc va Dao
tao” va “B6 GD & DT’ thi “GD & DT la viét tat ki tw

dau cua “Gigo duc va Pao tao’.
51



Céac luat dong tham chiéu vé tén trong van

9.

ban tieng Viét
k chi¥ cudi cua hai tén gidng nhau, phan dau cta N,

la viét tat phan dau cta N,, v&i diéu kién N, co k + 1
chiv, vi du: “Céng ty HP VN” va “Cty HP VN

10. Céc chir viét tat cha N, déu la viét tat cac cum tw

11.

trong N, va cac chir con lai trong N, déu xuat hién
trong N,, vi du: “Cong ty TNHH Hewlett Packard Viét
Nam”, “Cty HP VN, “"HP VN", "HP Viét Nam” va
“Cong ty HP Viét Nam’

Hai tén xuat hién lién tiép trong van ban theo dang
N,(N,), v&i diéu kién N, chi co6 mot chir va thye thé
twong ng thudc 1&p td chive. Vi du: “Phong Thuong
mai va Cong nghiép Viét Nam (VCCI)”, hoac “Lién
doan Béng da Viét Nam (VFF)”, hodc “Téng céng ty
Cao su VN (Geruco)”. 52



May trang thai hiru han
(Finite State Machines)
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Hidden Markov Models

HMMs la cong cu mé hinh héa chu6i chuan, sir dung
trong xwr ly tieng noéi, XLNNTN, xt ly am nhac, vv

Finite state model Graphical model
t+1 transitions
i i i observations
Generates:

State o)

seqience O O @ @ O @ O O R

Observation 0, 0, 05 o 0y P(S,O) oC I I P(St |St—l)P(Ot |St)
t=1

sequence 0 03 07

Parameters: for all states S={S;,S,, .../}
Start state probabilities: P(S;)
Transition probabilities: P(S(S;.;)
Observation (emission) probabilities: P(0,]S;)
Training:
Maximize probability of training observations (w/ prior) 54

Usually a multinomial over
atomic, fixed alphabet



IE voi HMM

Cho chuéi van ban

Yesterday Pedro Domingos spoke this example sentence.

Va 1 mé hinh huan luyén HMM

Tim chudi trang thai phu hop nhat

B person name
] location name
background

arg max, P(S,0)

Pedro Domingos

c e e O O O O

Cac tir dwoc sinh bé&i mé hinh nhan dang “person name”

dworc trich rut Ia person name:

Person name: Pedro Domingos
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Vi du HMM :

Nhiém vu: Named Entity Extraction

end-of-

start-of- sentence

sentence

Luyén trén ~500k tir tir van ban tin tic

“Nymble”

[Bikel, et al 1998],
[BBN “IdentiFinder’]

Transition
probabilities

P(s;| St.1, 0p.1)

Observation
probabilities

P(o;| s, Si.1)
or P(0;| ¢, 0,.1)

Back-off to: Back-off to:
P(s,| s, ;) P(o,|s,)
P(s;) P(o,)

Két qua: |Case Language F1 .
Mixed English 93%
Upper English 91%
Mixed Spanish 90%
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Mo hinh phue tap hon

Cac dac trwng c6 thé chong nhau

identity of word t-1 t S
ends in “-ski”

is capitalized

is part of a noun phrase

is in a list of city names 's "Wisniewski
is under node X in WordNet

ic i part of

!s !n bOId font noun phrase “_gkij”

is indented o o o
is in hyperlink anchor t1 t t+1

last person name was female
next two words are “and Associates”
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Van dé

Cac dac treng khéng doc lap

— Nhiéu mdrc don vi co s&: ky tw, tlr, doan

— Nhiéu mé hinh: t, dinh dang ttr, cac khudn dang
Hai lwa chon:

M6 hinh héa sw phu thuéc. Bo qua cac phy thudc.
M&i trang thai c6 1 mang Bayes Gay ra viéc dem lap lai cac s
riéng. Nhung ta thiéu di liéu kien (naive Bayes). La van de
luyén I&n khi két hop cac di kién

S S S

t-1 t t+1
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M6 hinh chubi cé dieu kién
(Conditional Sequence Models)

» M6 hinh luyén dé t6i da xac suat cé dieu kién thay vi
xac suat két hop
P(s|o) thay vi P(s,0):

— C6 thé kiém tra cac dac trwng, nhwng khéng sinh ra ching

— Khéng thé mé hinh héa cac rang budc ctia ching mot cach
twong minh
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Conditional Markov Models (CMMs) vs
HMMS

HMM S,., S,

Pr(s,0) = H Pr(s; | s;i_) Pr(o; | s;)

S Sti1

Pr(s|o)=] [ Pr(s; 54,0 i—i-i ..

C6 rat nhiéu cach dé danh gia Pr(y | x)
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Conditional Finite State Sequence Models

[McCallum, Freitag & Pereira, 2000]

. X Lafferty, McCallum, Pereira 2001
Tir HMMs dén CRFs [Lafferty I

§ZSl’SZ""Sn 6201;021---0n St-l St St+1

ol

Joint P(5,0) =] [ P(s.I5.4)P(o]s,)

Conditional

P(s|o

o St1 St S
)P0, [s)

F’()

J @) @) oM
t? tl)(D (Ot’S) “ t ik

Z()

(M6t trirdng hop dac biét cua
Conditional Random Fields.)

Trongdoé O (i) = exp(Z A f (s, Ot)j

K

Céac dic trwng ngau nhién ctia — 61
s,o,vat




Cac ham dac trwng

Vd. f (s,,S,,,0,t):

1 1if Capitalized(o,) AS; =S4 AS; =5,

f e .- e (S,S_161t): 1
<Capitalized,s; ,s;> \®t* t-1 0 otherwise

0 = Yesterday Pedro Domingos spoke this example sentence.
0 0 03 0y Os O¢ 07

(s,,s,,0,2) =1

<Capitalized,s;,s, >
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Hoc tham so6 ctiia CRFs

Cho tap div liéu luyén D, toi da log-likelihood ctia cac tham so A = {\, }

0| iﬁ
L= > Io [ Hexp[z/l f (s,,S, ;. t)D >

(s,0)eD

Log-likelihood gradient:

— Y #,(5.0)- XY P (s100)#,(51,0%) - %

§6€D

where #,(5,0)=> f(5_,5,0,t)
t

Phwong phap:
* iterative scaling (quite slow — 2000 iterations from good start)
e gradient, conjugate gradient (faster)

* limited-memory quasi-Newton methods (“super fast”)
[Sha & Pereira 2002] & [Maloa#f 2002]



Lam viéc voi dir liéu IE

« Mot sO dac trung cua IE:
— Duwa trén viéc trich rut tir van ban
— D@ liéu co nhiéu (thiéu s kién, cac gié tri thuwe thé chwa
chuan hoéa)
— Co thé can lam sach di¥ liéu trwdc

« DU liédu nhiéu, chwa chuan hoda thi co thé lam gi?
— Khai pha dir lieu
— Truy van truc tiép dwa trén cac ngdn ngir co thé x& ly mém
déo cac tr/cum tlr gan giong chir khéng dwa trén tir khoa.
[Cohen 1998]

— gg’o%lung né dé xay dwng cac dac trwng cho bd hoc [Cohen
]
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