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Trich rut thong tin

Vien CNTT &TT - Trwroong DPHBKHN



Gioi thiéu

« Cac hé thdng Trich rut théng tin:
« Tim va hiéu mot sd phan trong van ban
» Cac thdng tin rdé rang (who did what to whom when?)
- Xay dwng mot cach biéu dién cd cau tric cac thdng tin lién
quan, nhw cac quan hé trong CSDL
. Két hop tri thirc vé ngdn nglr va mién &ng dung
Ty ddng trich rat cac thdng tin mong mudn

* Vd
« Thu thap théng tin vé i nhuan tr cac bao cao cla cong ty
« Hoc céac twong tac giltra thudc va gen tir cac nghién ctru y hoc

« Tao ra cac thé théng minh “Smart Tags” (Microsoft) trong cac
tai liéu

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Trich rut thong tin vé quang cao viéc lam tir Web

3 OPUS International, Inc_, an executive search firm focusing on the Food Science industry_

- Microsoft Internet Ex

J Eile Edit “iew Favaoites
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/J OPUS: Job Listings - Microsoft Internet Explorer
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| Links
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Employer: foodscience.com

Job Listings

Eé&sumé Form
Job Hunt Hints
Academic Links
Science Fair Help

e-mail

JobCategory: Travel/Hospitality

foodsc

JobFunction: Food Services

e JobLocation: Upper Midwest
Contact Phone: 800-488-2611

DateExtracted: January 8, 2001
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Source: www.foodscience.com/jobs midwest.ht
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Quang cdo nha dat

« Cacquang cao o
dang van ban

« Thém cac thé co
ban: chi 70+ t&
bao voi 20+ nha
xuat ban coé thé
lam duwoc

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

<ADNUM> 2067206v1 </ADNUM>
<DATE>March, 02 </DATE>

<ADTITLE> MADDINGTON
$89,000</ADTITLE>

<ADTEXT>OPEN 1.00-1.45

<BR> U 11/10 BERTRAM ST<BR>
NEW TO MARKET Beauitiful
<BR> 3brm freestanding <BR>
villa, close to shops & bus<BR>
ideally suit 15t home buyer,

<BR>investor & 55 and over.<BR>
</ADTEXT>




Tai sao cac cdng cu tim kiém
tai lieu khong lam dwoc

» Tim théng tin vé quang cédo nha dat :
o Vi tri:
« Cac cum tw: only 45 minutes from Parramatta
« Gia: $120K <M < $200K
- Nhiéu gia: trudc $155K, gior $145
» SO phong ngu: cac tr ddng nghia (br, bdr, beds,
B/R)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Trich rut thong tin

Nhiém vuy; |Lay thong 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.

T
S

Today, Microsoft claims to "love" the open-source

concept, by which software code is made public to NAME

TITLE ORGANIZATION

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.

CEO Microsoft
VP Microsoft
founder Free Soft..

/

"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...

N THONG




“Trich rut thong tin” la g1?

La 1 ho cac cong

Information Extraction =

Cu: 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...

N THONG

Microsoft Corporation
CEO

Bill Gates

Microsoft

Gates

Microsoft

Bill Veghte

Microsoft

VP

Richard Stallman
founder

Free Software Foundation




“Trich rut thong tin” la g1?

La 1 ho cac cong

Information Extraction =

Cu. 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...

N THONG

Microsoft Corporation
CEO

Bill Gates

Microsoft

Gates

Microsoft

Bill Veghte

Microsoft

VP

Richard Stallman
founder

Free Software Foundation




“Trich rut thong tin” la g1?

La 1 ho cac cong

Information Extraction =
Cu. segmentation + classification + association

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

N THONG




“Trich rut thong tin” la g1?

La 1 ho cac cong | |nformation Extraction =

Cu. segmentation + classification + association + clustering

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

For years, Microsoft Corporation CEO

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. 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 , @ Microsoft VP.
"That's a super-important shift for us in terms of
code access.”

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

*| Microsoft Corporation
CEO

*| Microsoft

* Microsoft

*| Microsoft
VP

founder
Free Software Foundation

N THONG

ORGANIZATION
Microsoft

TITLE
CEO
VP

Bill Gates
Bill Veghte

NAME]

Microsoft

Free Soft..

founder

Richard Stallman
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Cac no1 dung cua IE

Spider

J Filter by relevance

Segment
7 Classify
_J Associate
Cluster
7
Database
any Load DB
Train extraction models Query,
Search

Data mine

Label training data

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cac kho khan tI'OIlg IE (1/ 4) Dinh dang van ban

Text paragraphs Grammatical sentences
without formatting and some formatting & links
. Dr. Steven Minton - Founder/CTO o Press
Astro Tell'er 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
. . . . T .
Intelligence from Carnegie Mellon University, the founder of the Joumal of Aificial 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 Elrgctlons
His M.S. in symbolic and heuristic computation Fmﬁctt IeRder gt UtSC'?\}nforEatlon _Styclené:es P
. : nsttute. A graduate or vale University an
a“q B'Sj n cc?mputer ,SCIGI?CC are from Stanford Camegie 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,
: : : Tables
rich formatting & links S
Barto, Andrew G. (413) 545-2109  barto@csumass.edu  CS276 8:30- 9:30AM }rm'ted Talk: Plausihility Measures: A General Approach for Representing Uncertainty
oseph Y. Halpern, Comell University
Emfess‘zfﬁ | _ - ¢ leatnine. adaoti 9:30- 10:00AM | Coffee Break
omputational neuroscience, reinforcement learning, adaptive T : —
motor control, artificial neural networks, adaptive and learning 10'00_ _HjOAM Tec}_mlcal Paper Sessions: -
e W S—— Cugm_uve Logic . Natura]_Language Complf:xlty Neural Games
control, P . Robotics Programming |Generation Analysis Networks
Berger, Emery D. (413) 577-4211  emery@cs.umassedu  CS3344 73% A Logical  |116: A-System:|[758: Title 417 Lel'sgo  ||17% Knowledge |71: lterative
i Account of Causal | Problem Generation for Nats: Extraction and | Widening
Assistant Professor. : and Topological Solving Machine-Translated| Complexity of | Compatisoh Tristan
Brock, Oliver {413) 577-0334  oli@csumassedu CS5246 Maps through Documents Nested from Local Cozenave
. Emilic Remolina | Abduction Rong Jin and Circumscription | Function
Assistant Professor. and Berjamnin Marc Alexander (. and Networks
Clarke, Lorxi A. (413) 545-1328 clarke@csumassedu CS304 Kuipers Denecter, Hauptmann Abnormality | Kenneth
Antonis Kakas, Theories McGarry, Stefan
Professor. . . . . and Bert Van Marco Cadoli, |Wermter, and
Software verification, testing, and analysis; software architecture Nuffelen Thomas Eiter, | John Macintyre
and design. and Georg
Cohen, Paul R. (413) 545-3638 cohen@csumassedu CS278 ______|Gorab
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 ccColog Plans | Study of Logic |between Content  |Knowledge Learning for Learning
y intelligent data analysis, intelligent user interfaces. Henrik Grosskrewtz| Programs with |Planning and Compilation Constrained Applied toa
s and Gerhard Preference Surface Realisation |Adnan Formulations in |High
=l =n|CT VIEN CONG NGHE THONG TIN VA TRUYEN THONG Lakerneyer Torsten Schaub|in a Pipeline Darwiche and | Neural-Network |[Performance
BACH KHO | ool d” and Kewen  |Generation Pierre Marquis | Time-Series Game-Playing




C4c kho khin trong IE (2/4):
Mieu dir i¢u xur 1y

Web site specific Genre specific Wide, non-specific

Formatting Layout Language

8:30-9:30AM  |Invited Talk: Plausibility Measures: A General Approach for Representing Uncertainty
Joseph Y. Haipern, Comnell University
Massachusetts Institute of Technology rennio@ai.mit.odu

amazoncom. N iR AR Jason D. M. Rennie
9.30- 10.00AM _ Coifee Break
MIT Al Lab NE43-733 Itt/faw i mit eduomo@atmited ‘
200 Technology Sq. e 55559 10:00- 11:304M_ Technical Paper Sessions:

Cambridge, MA 02139 = =
Logic Natural Language Complexity | Neural Games

Get$5 el amazoncom. o view caT Reseaf.ch.lmﬂf ES‘S. . Programming | Generation Analysis Networks

116: A-System:| 758: Title 417:Letsgo | 179:Knowledge |71: Iterative
timati
Machine Learning B ccnoncs [ oo (B Ty s

Problem Generation for Nats: Extractionand |[Widening

L. Douglas Baker

ereatiohes Solving Machine-Translated|Complesdty of | Comparison Tristan
by Torn M. Mitchell BROWSE CORPORA through Documents ested from Local Cuzenave
e SEARCH BESTSELLERS = MAGAZINES L . . N . L .
SHEL S Uil Education ! Ernalio Remolina | Abduction | RongJin and Circumscription Function
! Home Address  available upon request o
Wean Hall. 8102 and Benjarin | Marc Alexander G. and Networks
Mﬂsssggé{; Office Address School of Computer Science Kuipers Denecker, Hauptmann Abnormality | Kenneth
Pursuing Pl Camegie Mellon University Antonis Kakas, Theories McGary, Stefan
A . P tg 5000 Forbes Avenue d Bert Vi M Cadoli, | Wi d
Learning in Graphical Models e o5 Pitsburgh, PA 15213 and Bert Van Marco Cadoli, | Wermter, an
by Michael Irwin Jordan (Editor) * 7| Office Phone (#12) 683-6036 ]
/ iz Carnegie Mf§ Home Page - Hlp/vin.cs e edu-dbapp Dr. Steven Minton - Founder/CTO o Press
\QOKINSIDg,  List Price: $50.00 55, Comp Dr. Minton is a fellow of the Amer
L ...@ Price: $60.00 Graduated A position in a dynamic, highly-skilled applied research and development team using . MInton 1S a Teliow of (e Amencan contact

Objective statistical machine leaming to solve large-scale, real-world tasks such as Information
Retrieval and Text Classification.

Association of Arificial Intelligence and was

the founder of the Journal of Adificial » General
information

is : Teachi
ig, This item ships for FREE vith Supe: eaching

Ladl badk MIT, Teactll Eqycation Camegie Mellon University Pittsburgh, PA

Intelligence Research. Prior to founding Fetch
=) Buy Now Pay | b . | ) . ) ! i i
Availability: Uzually ships within 2 to 3 d: :%elllpg?g nP/lh's[.)'b%‘r)nrgﬂltt:rsscice‘;rg?’1?9'309[935 Minton was a faculty member at USC and a « Directions
e Buy Used B new un $20.00 + Contrib Technica Uriversiy o Berli Berln, Gemny project leader at USC's Information Sciences | MaPS
) ) | Edition: Paperback | All Editions Exchange Fellow, 1992-1993 Institute. A graduate of Yale Unlver5|ty and
Buy this book vith DY | Universty of Michgan fon i, Carnegie Mellon University, Minton has been a
Logh insde this baok ) See more product details . 1 ,
. EAO?“EUIgroEr:lpﬁreﬁﬁlenésr:p"da%r:ﬂ:lnfzﬂgg}ggg BSE, Prlnmpal Investlgator at NASA Ames and
Great Buy g PETEIGIEERS ’ taught at Stanford, UC Berkeley and USC.
Buy this book with Brobabillstic Reasoning in Intelligent Systems | HPETEneE Camegie Mellon University 1994-present
. 8 Buy Together Today: $170.65 Frank Huybrechts - COO
oL o 1:am currently pursuing my i i i i
@ Buy both now! mode o novely elcton e, r. Huybrechts has aver 20 years of
P e Dotp 2 k prta

on and Tracking nrol
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Cac kho khan trong IE (3/4):

Do phirc tap
E.g. word patterns:

Closed set
U.S. states

He was born in Alabama...

The big Wyoming sky...

Complex pattern

U.S. postal addresses

University of Arkansas
P.O. Box 140
Hope, AR 71802

Headquarters:
1128 Main Street, 4th Floor
Cincinnati, Ohio 45210

ONG

Reqular set

U.S. phone numbers

Phone: (413) 545-1323

The CALD main office can be
reached at 412-268-1299

Ambiquous patterns,
needing context and
many sources of evidence

Person names

...was among the six houses
sold by Hope Feldman that year.

Pawel Opalinski, Software
Engineer at WhizBang Labs.

14




Cac kho khan trong IE (4/4):

Truong dr 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
Person: Jack Welch Relation: Person-Title
Person: Jack Welch
Person: Jeffrey Immelt Title: CEO
Location: Connecticut Relation: ~ Company-Location

Company: General Electric
Location: Connecticut

Trich rut thurc thé (“Named entity” extraction)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

N-ary record

Relation: Succession
Company: General Electric

Title: CEO
Out: Jack Welsh
In: Jeffrey Immelt

15




Danh gia he¢ thong trich rat thuc
o NE
ungt

and will start Monday'’s tutorial, followed by and
Dw doan:
and Seung will start 's tutorial, followed by and
# correctly predicted segments 2
Precision = = e—
# predicted segments 6
# correctly predicted segments 2
Recall = = e—
# true segments 4
1
F1 =  Harmonic mean of Precision & Recall =

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

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

16



Céac két qua trén thé gioi

 Nhan dang thwc thé tlr cac ban tin
» Person, Location, Organization, ...
* 85% <F1<95%

» Trich rat quan hé gitra cac thuc thé

« Contained-in (Location1, Location2)
Member-of (Person1, Organization1)

* 60% <F1 <90%

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cac bai toan trong Trich rut thong tin

Nhan dang thwec thé (Named Entity
Recognition): dinh vi va phan loai cac thanh
phan don vj trong van ban thanh cac loai
dwoc dinh nghia trwédc nhw tén riéng (tén
nguwoi, 1o chire, noi chon), thoi gian, ...

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

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

18



Nhan dang thuc thé

Vao: 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=>.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

19



Nhan dang thuyc thé

= Huwong tiép can

= Dung luat thu c6ng: Quan sat qui luat cua dir liéu
« Uu diém: B6 chinh xac cao
«  Nhuwoc diém: khéng x& ly dwoc trwdng hop chwa
dé cap trong luat.

= Sinh luat dwa trén hoc may : hoc dé tao mé hinh
phan loai di¥ liéu ttr d liéu mau.
«  Uu diém: dap wng duwoc tap div liéu maoi
«  Nhuwoc diém: can tap dir liéu I&n da gan nhan

VIEN CONG NGHE THONG TIN VA TRUYEN THONG 0




NER - Luat tao thu céng

e Biéu dién ludt: Contextual Pattern = Action

e Mau nhan dang gdm cac mau gan nhan dé luu cac
dac trung cla thuc thé va ndi dung chia né
e Cac dac trwng cua 1 token:
—
— tw loai
— dinh dang tlr: viét hoa, s0, ...

— tién td, hau to, ...

— Hanh ddng: gan nhan thuc thé cho 1 chudi cac token

21
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NER - Luat tao thu cdng

Cac luat NER co6 3 dang:
 Noi dung trwdc 1 thye thé
 NO&i dung trong 1 thwc thé
 Noi dung sau 1 thyc thé

VD:

“Dr. Peter”
» ({DictionaryLookup = Titles}{String = “."}{Orthography type =
capitalized word}) - Person Name.
o Tl dién Titles gdbm céac t “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.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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GATE

e GATE - General Architecture for Text Engineering

e GATE ho tro cac nha phat trién phan mém trén 3 khia canh:

— Kién trdc phan mém:
— BO6 khung
— M@i trudng phat trién phan mém
e GATE c6 3 dang tai nguyén, goi la CREOLE (Collection of
REusable Object for Language Engineering).
— tai nguyén ngon ngir (Language Resource)
— tai nguyén xtr ly (Processing Resource)
— tai nguyén hién thj (Visual Resource)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

23



Kién truc IE trong GATE

[ Document format
[

*ML, HTML, 2GML, email, &)
ANNIE
* IE modules
Input: SATE
LIRL or text Document
. JAPE |E
. ‘ Character Semantic
nicode Srammar
. Class SeguUence
Tokeniser Ruhga Tagger Cascade
l p Orthio NMOTE: square bhoxes are
processes, rounded ones are
Fo Gazetteer - Lists hMatcher data
Lookup L l '
J’ Fronominal
Sentence JAPE Sentence Coreferencer e JAPE Grammar
Splitter Patterns
Hepple POS Brill Rules
Tagger | exican GATE Document
* ML dump of
Ctput; |E Annotations




Some NER rules in GATE I

Rtule: TheGazOrganization

Priority: 50

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

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

— Organization

Rule: LocOrganization

Priority: 50

!/ Matches “London Police”

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

Rule: INOrgXandy

Priority: 200

[ Matches Yin Bradford & Bingley”, or “in Bradford & Bingley Ltd”

( {Token string = “in"} )

({Part of speech = NNP}+ {Token string = “&"} [Orthography tyvpe =
upperlnitial}+ {DictionaryLookup = organization end}? ):orgName — Organiza-
tion=:o0rgName

Rule: OrgDept

Priority: 25

[/ Matches “Department of Pure Mathematics and Physics”

({ Token.string = “Department” } {Token.string = “of"} {Orthography type = up-
perlnitial }+ ({Token.string = "and”} {Orthography type = upperlnitial}+)? ) —
Organization



GATE 30" BLiTE 0000

File Options Tools Help

ol LT ol I

=] ﬂ(-npplicatiung
4l miE00040
R
= Pl Language Resources
@7 Hauwyen
| & o
= -ﬁ Processing Resources
D
'ﬁE ANNIE NE Transducer 00056
. aE POS Tagger, 00053
& & ANNIE Orthobatcher 00053
'E;., ANMIE English Takeniser 00042
# ANMIE Sentence Splitter_ 00050
& ANNIE Gazemaer 00048

| @ Cocument Reses PE_O0047

ﬁ Diata stores

@

e — —— W — -

[ & riol |
Message:hf PHD| gﬁ?hﬂ|

- Lozced Processing resources —

fame Type
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2

X

- Selected Processing resources -

I Name

O Docurnent Eeset PR_00041

Docutnent Beset PR

Type

@ AHNIE Gazetteer 00044

ANMIE Cazeteer

i ANHIE Sentence Spliter D005 :,-ANNIE Sertence Splier

% ANMIE OrthoMatcher. 00059

ANMIE Ortholatcher

‘ ANMIE POS Tagger 00053

ANHIE POS Tagger

«||>|

5= PhD

L
L
[ ]
§ ﬁ ANMIE English Tokeniser_ (00 42:ANNIE Englizh Tokenisar
&
e
L

Jape Transducer

Sarial Application Editor | Initialisation Farametersl
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Carpus: ﬁ' FhD
The corpus and document paramezers are not available as they are avtomatcally set by the contraller!
No selected processing resource
MName Type Fequired Yalye
Run




.E! GATE 3.00 b d O

File Options Tools Help

S8 DB > %

i

ATE

Applications
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@ Fauwen
& FPhD

Processing Eesources

28t PhD

Aa
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| Q Push in DE

FhD student

Warking Sroup for ﬁﬁia'ﬁimiﬁg of Matural Language
Easser Department of Computer Science.
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University of Sydnew MW 2006 -*
Ernail: pham@cs. usyd. edu. au

Phone +67 2 93571 4174
Fax +651 2 9351 3838

Research Interests: Matural La.mg:_mg_ec:-ét‘cﬁass'i:r‘ig, A, thpifﬁr

More. ..

Twpe et Start End Id Features

PhD_Person | 0| 16|227|{rule=Persan2} ]
1
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11 Annotations (0 selected)

-
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PhD _University

| S[:la.GETI‘_'Lkeh
[1 Toeken
P Original markups
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Bai tap
Hay phat hién loai thuwc the va de xuat luat nhan
dang thwc thé do:

« HAm nay, chi Nguyén Chi Mai di thanh phd H6 Chi
Minh

- Ong V6 Nguyén Giap

« COng ty TNHH nha dat Dai Nam, Ha Nbi
* BDuwdng Ta Quang Boru

-« Andrew Grove & mdt giam doc cong ty

- Vinamilk, cdng ty st¥a I&n nhat Viét Nam, dwoc thanh
lap nam 1976.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cac k¥ thuat IE: cac mo hinh

Lexicons

Abraham Lincoln was born in Kentucky.

T member?

Alabama
Alaska

Wisconsin
Wyoming

Boundary Models

Abraham Lincolnfvas born in Kentucky.

BEGIN

Classifier

BEGIN END BEGIN END

}
E’é!’“ 15':' L I

Classify Pre-segmented
Candidates

Abraham Lincoln was born in Kentucky.

‘- === \/|IEN CONG NGHE THONG TIN VA TRUYEN THONG

Classifier

/ ‘ \. which class?

Finite State Machines

Abraham Lincoln was born in Kentucky.

© O O OO @

Most likely state sequence?

Sliding Window

Abraham Lincoln was born in Kentucky.

\ J .............................. >
Y~
Classifier
which class?

Try alternate
window sizes: \—-Y—/
A\ _J

~N

Context Free Grammars

Abraham Lincoln was born in Kentucky.

O OOOOQ
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Sliding Windows

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Trich rat dung cura so truot

E.g.
Looking for
seminar
location

<
e

GRAND CHALLENGES FOR MACHINE LEARNING

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.

N CONG NGHE THONG TIN VA TRUYEN THONG
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Trich rat dung cura so truot

E.g.
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seminar
location
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GRAND CHALLENGES FOR MACHINE LEARNING
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Carnegie Mellon University
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is evolving into a collection of related
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Trich rat dung cura so truot

E.g.
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seminar
location

<
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Trich rat dung cura so truot

E.g.
Looking for
seminar
location

<
e

GRAND CHALLENGES FOR MACHINE LEARNING

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.

N CONG NGHE THONG TIN VA TRUYEN THONG

34



MO hinh cura so truot “Naive
Bayes” [Freitag 1997]

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

prefix contents suffix

Banh gia Pr(LOCATION|window) str dung luat Bayes
Ther tAt ca cac ctra s trrot hop ly (chiéu dai va vi tri thay dbi)
S& dung gia thiét ddc 1ap véi do dai, tién to, hau to, tr ndi dung

banh gia t dir 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 nglr canh cua né
) == VIEN CONGNGHETHONGTINVATRUYENTHONG

bl = 1T 1

35



Mo hinh cira s0 trugt “Naive Bayes™: két qua

Domain: CMU UseNet Seminar Announcements

GRAND CHALLENGES FOR MACHINE LEARNING

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 1is
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.

Field F1

Person Name: 30%
Location: 61%
Start Time: 98%
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BWI: Hoc phat hién bién

[Freitag & Kushmerick, AAAI 2000]

» Hoc 3 bd phan I1&p dwa trén xac suat:
« START(i) = Prob(vi tri i 1a bat dau mét trwdng)
« END(j) = Prob(vi tri j 1a két thuc mét trwdng)
 LEN(k) = Prob(trwwong trich rut co d6 dai k)

» Tinh diém kha nang trich rut (i j):
START(i) * END(j) * LEN(j-i)

* LEN(k) dwoc woc lwong dwa trén histogram tw
tap luyén.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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BWI: Hoc phat hién bién

* BWI sty dung boosting dé tim céc bd hoc
mau dé xac dinh diém bat dau va két thuc div
thwe thé.

« MGi bd hoc mau yeu cd 1 mau BEFORE va 1
mau AFTER (cac thé trwdc/sau vi tri ).

« M6i mau 1a 1 chubi cac thé va/hoac cac ky tw

nhw: anyAlphabeticToken, anyToken,
anyUpperCaseLetter anyNumber

 M6i bd hoc mau yéu st dung tlm klem tham
lam (+ nhin trwéc) dé 1ap lai viec mé rong cac
mau BEFORE, AFTER (kh&i tao rédng) tredc
do.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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BWI: Hoc phat hién bién

100 —= = <

80

60

SA-stime —e— .
SA-etime -+
SA-location &
SA-speaker ¥

40

20 -
Field F1
E( Person Name: 30%
0 ' ' - Location: 61%
0 100 200 300 4 . o
Boosting iterations T Start Time: 98%

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Cac van dé v&i clra sb truot
va hoc phat hién bién

« Cac quyét dinh vé cac tlr bén canh déc 1ap voi
nhau.

- Naive Bayes Sliding Window cé thé tién doan
“seminar end time” trwdc “seminar start time”.

« Trong hé thong tim bién, bwéc tim bién trai déc 1ap
v&i bwdc tim bién phai.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Sam Chanrathany (2014)

Nhan xet
* He thong NER chi nhan dang dwoc kiéu thuc

thé clia di liéu c6 nglr canh trong tap di liéu
huan luyén.

* Tén co the xuat hién nhiéu lan trong van ban
dwdi nhiéu dang khac nhau (cac tén dong
tham chiéu) = c6 thé ¢ cung mét kiéu thuc
thé.

« Cac tén dong tham chiéu nay c6 thé xuat hién
nhiéu 1an trong van ban trong cac ngl canh
khac nhau.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Sam Chanrathany (2014)

|
[

Tap van ban
——>| nho d3 gan
nhan

Huan luyén

l

[

Tap van ban

M6 hinh

Van ban da gan
nhan

I&n chua
gan nhan

|

Luat gan nhan
thu cong

l

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Van ban da gan
nhan mai
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A
n

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

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

1.Hai tén gidbng nhau

2.M6t tén 1a phan tén cla tén con lai, vi du: “Mai Liém
Trwee” va “Truec’.

3.Mét tén 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 chir dau va m chir cudi clia hai tén giong nhau, voi

diéu kién k + m la so chir ctia N,, vi du: “Céng ty Co
phan Dai An” va “Céng ty Dai An’”.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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A
n

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

6. Ngoai trwr phan tién t0, tat ca cac chir cia N, déu
xuat hién trong N, va phan tlen td ctia N, hoac la
glong tién to cla N hodc Ia viét tat phan tién to cla
N,, vi du: “Cong ty TNHH Apave Viét Nam”, “Cty
Apave Viet Nam”, “Cong ty Apave” cung la tén cua
mot cong ty.

7. M6t tén Ia phan cubi cha tén con lai, vi du: “Trinh
Chan Trau’ va “Chén Trau’.

8. Phan cudi ciia mot tén la viet tat ki tw dau cla cac
ch trong phan cudi cua tén kia, phan con lai cua
hai tén giong nhau, vi du, v&i "B Giao duc va bao

tao” va “Bo6 GD & DT’ thi “GD & DT 1a viét tat ki tw
dau cla “Gido duc va Pao tao’.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Cac luat dong tham chiéu vé

A
n

tén trong van ban tieng Viét

9.

k chi¥ cuoi cua hai tén giong nhau, phan dau cta N
|a viét tat phan dau cta N,, vOi diéu kKien N, co k + %
chiv, vi du: “Céng ty HP VN va “Cty HP VN,

10.Cac chiy viét tat cla 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: “Céng 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 c6 mét chw va thyc thé
twong ng thugc I&p t6 chire. Vi du: Phong Thwang
mai va Céng nghiép Viét Nam (VCCI)”, hoac “Lién
doan Bong da Viét Nam (VFF)”, ho&c Tong cong ty
Cao su VN (Geruco)”.

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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May trang thai htru han
(Finite State Machines)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Hidden Markov Models

HMMs la cong cu mé hinh hoéa chudi chuan, st dung trong x
ly tiéng ndi, XLNNTN, xt¥ ly &m nhac, vv

Finite state model Graphical model
ﬁ St-l St St+1
O O O
t-1 t t+1
OO 00 0O O O o]

0, 0, O3 0y O;s O4 Og P(g’ 5) . ];I[P(St | St—l )P(Ot | SI,‘)

Parameters: for all states S={s5,,55,...}
Start state probabilities: P(s, )
Transition probabilities: P(s,|s, ;)
Observation (emission) probabilities: P(o,|s,)

e et T VIENC GNg-IE THONG TIN VA TRUYEN THO
SCICT ?\%axmlze pro%ablrlty 0 tralnlng observations (w/ prior) 47



IE vo1 HMM

Cho chudi van ban

Yesterday Pedro Domingos spoke this example sentence.

Va 1 md hinh huan luyén HMM

Tim chudi trang thai phu hop nhat

person name
. location name
background

argmax . P(s,0)

o o o6 O O O O

Cac tir dwoc sinh béi mé hinh nhan dang “person name”

dworc trich rat la person name:

Person name:

VIEN CONG NGHE IHUNG 1IN VA IRUYEN IHONG
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Vi du HMM : “Nymble”

[Bikel, et al 1998],

Nhiém vu: Named Entity Extraction [BBN ‘“IdentiFinder’]
Transition Observation
probabilities probabilities

end-of-
start-of- sentence P(St | St—]’ Ot—]) P(Ot | St) St_])

sentence

or P(o,|s;, 0,;)

Back-off to: Back-off to:
P(s,| s,.;) P(o,|s,)
Luyén trén ~500k tir tir van ban tin terc P(s,) P(o,)

Kétqua: |Case Language F1 .
Mixed English 93%
Upper English 91%
Mixed Spanish 90%

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Mo hinh phtrc tap hon

Céc dac trwng c6 thé chdng nhau

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

is capitalized

is part of a noun phrase

is in a list of city names

is under node X in WordNet
is in bold font

is indented

is in hyperlink anchor t-l ¢ t
last person name was female

next two words are “and Associates”

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
50



Van dé

Cac dac trueng khdng déc lap

« Nhiéu mirc don vi co s&: ky tw, ttr, doan

« Nhiéu mé hinh: tv, dinh dang tlr, cac khudn dang

Hai lwa chon:

M6 hinh héa sw phu thubc.

M®éi trang thai c6 1 mang Bayes
riéng. Nhwng ta thiéu di liéu
luyén

t-1 t t+1

O O O

s SOIC

*-l >~ 2 t. 2 . _t+] .. ~
i VIEN CONG NGHE THONG TIN VA TRUYEN THONG

Bé qua cac phu thudc.

Gay ra viéc dém Iap lai cac su
kién (naive Bayes). La van dé
I&n khi két hop cac di kién

51



M6 hinh chudi cé diéu kién
(Conditional Sequence Models)

» M& hinh luyén dé t6i da xac suat co diéu kién thay vi
xac suat ket 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 hoéa cac rang budc cia ching mot cach
twong minh

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Conditional Markov Models (CMMs) vs
HMMS

HMM
St S St

Pr(s,0) =] [ Pr(s, | s, Pr(o, | 5,)
| Ot'lo O, Ot+lo
Pr(s|o) = HPr(Sl. |S._,,0,) E—O—i

Cé rat nhiéu cach dé danh gia Pr(y | x)

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Conditional Finite State Sequence Models

[McCallum, Freitag & Pereira, 2000]

Tir HMMs dén CRFs [Lafferty, McCallum, Pereira 2001]

S :Sl,Sz,...Sn 0 :01,02,...0’1 St-1 St St+1

0]
Joint  P(5,0)=]]PGs,|s.)P(o,]s,)

t=1

Conditional
0]
P(s|o)= P(s. |s. )P(o, |s
(5]0)= P(O)H( |s,.)P(o, |s,)
o]
Z(O)HCD (5,,8,)P,(0,,8,)
(M6t tredng hop dac biét cla
Conditional Random Fields.)
D = ex A, ¥, Cs,,o,
Trong do . - p[; ( )j

. Cac dat'trung ngau nhién cla s,0, VAt b

8 _—_n|c-i- VIEN CONG NGHE THONG TIN VA TRUYEN THONG
(=5 J
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Lam viec voi dw lieu |E
« M6t sO dac trwng cla IE:
* Dwa trén viéc trich rat ttr van ban

« D@ ljdu c6 nhiéu (thiéu sw kién, cac gia tri thuc thé chwa
chuan hoéa)

« C6 thé can lam sach di liéu truéc

« D{ liéu nhiéu, chwa chuan hoda thi co6 thé 1am gi?
* Khai phé dir Iiég ‘
* Truy van tryc tiep dwa trén cac ngdn nglr c6 thé xir ly mém
déo cac tr/cum tlr gan giong chr khéng dwa trén tir khoéa.
[Cohen 1998]

« S dung né dé xay dwng cac dac trwng cho bd hoc [Cohen
2000]

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Trich rut quan hé

= Hoc co giam sat co do chinh xac cao nhwng doi
n0i DL huan luyén

= Hoc khong giam sat tan dung duoc lwvgng DL
on nhwng co do chinh xac thap hon

« Giam sat tr xa tan dung dwoc co so tri thirc va
cai thién dd chinh xac so v&i hoc khéng giam
sat

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Hoc khéng giam sat : Snowball

[ Cac vi du mau ] *LT‘lm cac vi du mau trong van ban
Sinh ra vi du mau mdi Gan nhan cdc thuc thé

[ B6 sung bang ‘ \ Sinh mau trich rat /

VIEN CONG NGHE THONG TIN VA TRUYEN THONG ~



Céac vi du mau

« Do nguwoi dung cung cap
» Sau dé hé thdng tw ddng trich rut ra tlr van ban

= VD: Quan hé <tap doan, tru so>
« <Microsoft, Redmond>
« <Exxon, Irving>

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Tim cac vi du mau trong van ban

. “Hé thong may cha cia Microsoft nam & tru s&
chinh Redmon”

. “Exxon, Irving dang dan tr& thanh tap doan
dau khi...”

« “Tin don rat nhan vién khai Iraq dén tw tru s&
chinh cua Exxon, Irving...”

VIEN CONG NGHE THONG TIN VA TRUYEN THONG

oY




Gan nhan thuc thé

. “Hé thong may chl ciia <ORG> nam & tru s&
chinh <LOC>"

. “<ORG>, <LOC> dang dan tr& thanh tap doan
dau khi...”

« “Tin don rat nhan vién khai Iraq dén tw tru s&
chinh cua <ORG>, <LOC>...”

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Sinh 5-tuple

= 5-tuple: <trai, thé 1, gilra, thé 2, phai>

« Trai: k tv & bén trai cung v&i véc-to’ trong so

« Thé 1: thyc thé thir nhat

« Gilra: cac tir & gilra cung v&i véc-to trong so
« Thé 2: thyc thé thr hai

« Phai: k tlr & bén phai cing v&i véc-to trong so

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Sinh 5-tuple (tiép)

<tru s&, 0.6>, ) <nam, 0.6>,
t<tre Microsoft {

<chinh, 0.3>} <&, 0.9} Redmond

N

<trai, thé 1, giira, thé 2, phai>

VIEN CONG NGHE THONG TIN VA TRUYEN THONG



Sinh 5-tuple (tiép)

{<tru s&, 0.6>,
<chinh, 0.3>}

ORG

ORG

{<nam, 0.6>,
<0, 0.9>}

LOC

{<’},0.7>} LOC

{<dang, 0.2>, <dan, 0.1>,
<tr&_thanh, 0.15>}

{<tru s&, 0.6>,

<chinh, 0.3>, <ctda, 0.5>} ORG i<, 0.7>} Loc
{<truso, 0.6>, ORG (<8, 0.955} LOC
<chinh, 0.3>, <cua, 0.5>}

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Sinh mau trich rut

» Cho 2 5-tuple c6 cung the tag, va tag,:
« t={l, tag,, m, tag,, r}
« U'={/, tag,, m, tag,, r}

. DO twong dong: match(t, £) = I-l+ m-m’ + r-r

= Phan cum cac 5-tuple dwa trén do twong df“)ng

« V&i méi cum, lay centroid clia ¢ 1am mau trich
rut

p={l,tag,, m_, tag,, r}

VIEN CONG NGHE THONG TIN VA TRUYEN THONG




Panh gia mau

« V&i moi vi du <org, loc>, phan loai
= Positive néu d3 ton tai vi du mau
» Negative néu ton tai vi du mau <org, loc’>
= Unknown néu <org, *> chwa ton tai

« DO tin twdng clia mau P:

P.positive

conf(P) =
P.positive + P.negative

. P.positive: sO vi du positive khép voi P
. P.negative: sb vi du negative khép voi P

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Panh gia vi du
« D06 tin twdng cua vidu T = {org, loc}

Conf(T)=1- ] (1= (Conf(P)- Match(C;, P,)))
=0

« P={P}latap cac mau sinhravidu T

» C. la 5-tuple (rng v&i doan van ban khép voi P,

voi do twong tw Match(C, P))
« Tap vi du mau = {T] Conf(T) > 1}

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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Uu, nhuoc diém

. Uu diém:
« Tan dung duwoc dir lieu khdng c6 nhan
« Chi can mot so it vi du mau goc
« Nhuoc diém:
- Van yéu cau gan nhan thu céng tlr nguwei dung
= Qua trinh 1&p dan dén suy gidm chat lwong

VIEN CONG NGHE THONG TIN VA TRUYEN THONG
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