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RelaFon ExtracFon 



Goal: “Machine Reading” 

DARPA slide 



Background: InformaFon ExtracFon 

  IE = extracFng informaFon from text 

  SomeFmes called text analy)cs commercially 

  Extract enFFes 
  (the people, organizaFons, locaFons, Fmes, dates, 
genes, diseases, medicines, etc. in a text) 

  Extract the relaFons between enFFes 

  Figure out the larger events that are taking place 



What is InformaFon ExtracFon? 
Filling slots in a database from sub‐segments of text. As a task: 

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 
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Bill Veghte       VP       Microsoft 
Richard Stallman  founder  Free Soft.. 

IE 
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What is InformaFon ExtracFon? 
InformaFon ExtracFon = 
  segmentaFon + classificaFon + associaFon + clustering 

As a family 
of techniques: 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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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ExtracFng Structured Knowledge 

LLNL EQ Lawrence Livermore National Laboratory  
LLNL LOC-IN California 
Livermore LOC-IN California 
LLNL IS-A scientific research laboratory 
LLNL FOUNDED-BY University of California 
LLNL FOUNDED-IN 1952 

Each article can contain hundreds or thousands of items of knowledge...


“The Lawrence Livermore National 
Laboratory (LLNL) in Livermore, 
California is a scientific research 

laboratory founded by the 
University of California in 1952.” 



Structured knowledge extraction:  
Summary for machine


Goal:  Machine‐readable summaries 

p53
 is_a
 protein


Bax
 is_a
 protein


p53
 has_function
 apoptosis


Bax
 has_function
 induction


apoptosis
 involved_in
 cell_death


Bax
 is_in
 mitochondrial

outer membrane


Bax
 is_in
 cytoplasm


apoptosis
 related_to
 caspase activation


...
 ...
 ...


Textual abstract: 

Summary for human




From Unstructured Text to Structured Knowledge 
Unstructured Text 

News arFcles... 
slide from Rion Snow 



Blog posts.... 

From Unstructured Text to Structured Knowledge 
Unstructured Text 

slide from Rion Snow 



ScienFfic journal arFcles... 

From Unstructured Text to Structured Knowledge 
Unstructured Text 

slide from Rion Snow 



Tweets, instant messages, chat logs... 

From Unstructured Text to Structured Knowledge 
Unstructured Text 

slide from Rion Snow 



Unstructured Text 

slide from Rion Snow 



Structured Knowledge 

From Unstructured Text to Structured Knowledge 
Unstructured Text 

slide from Rion Snow 



From Unstructured Text to Structured Knowledge 
Unstructured Text  Structured Knowledge 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From Unstructured Text to Structured Knowledge 
Unstructured Text  Structured Knowledge 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More applicaFons of IE? 



More applicaFons of IE 

  Building & extending knowledge bases and ontologies 

  Scholarly literature databases: Google Scholar, CiteSeerX 

  People directories: Rapleaf, Spoke, Naymz 

  Shopping engines & product search 

  BioinformaFcs: clinical outcomes, gene interacFons, … 

  Patent analysis 

  Stock analysis: deals, acquisiFons, earnings, hirings & firings 
  SEC filings 

  Intelligence analysis for business & government 



Google Squared 



Google Squared 



Named EnFty RecogniFon 

•  Labeling names of things in web pages: 

•  An enFty is a discrete thing like “IBM CorporaFon” 
•  But oden extended in pracFce to things like dates, instances of 
products and chemical/biological substances that aren’t really 
enFFes… 

•  “Named” means called “IBM” or “Big Blue” not “it” 

•  E.g., 
•  Many web pages tag various enFFes 

•  “Smart Tags” (Microsod) inside documents 
•  Reuters’ OpenCalais 



•  The task: find and classify names in text, for example: 

•  The purpose: 
•  … a lot of informaFon is really associaFons between named enFFes. 

•  … for quesFon answering, answers are usually named enFFes. 
•  … the same techniques apply to other slot‐filling classificaFons. 

Named EnFty ExtracFon 

The European Commission said on Thursday it disagreed with 
German advice. 

Only France and Britain backed Fischler 's proposal . 

“What we have to be extremely careful of is how other 
countries are going to take Germany 's lead”, Welsh 
National Farmers ' Union ( NFU ) chairman John Lloyd Jones 
said on BBC radio . 

The European Commission said on Thursday it disagreed with 
German advice. 

Only France and Britain backed Fischler 's proposal . 

“What we have to be extremely careful of is how other 
countries are going to take Germany 's lead”, Welsh 
National Farmers ' Union ( NFU ) chairman John Lloyd Jones 
said on BBC radio . 

The European Commission [ORG] said on Thursday it disagreed 
with German [MISC] advice. 

Only France [LOC] and Britain [LOC] backed Fischler [PER] 
's proposal . 

“What we have to be extremely careful of is how other 
countries are going to take Germany 's lead”, Welsh 
National Farmers ' Union [ORG] ( NFU [ORG] ) chairman John 
Lloyd Jones [PER] said on BBC [ORG] radio . 



Maximum Entropy Markov Model 

DNA O DNA 

of HIV－1 gene regulation 

O 

Slide from Chris Manning 



InteresFng Features 

 Words 
 Word shapes 
  Part−of−speech tags 
  Parsing informaFon 
  Searching the web for the word in a given context 

  X gene, X muta)on, X antagonist 

 Gazeieer 
  list words whose classificaFon is known 

 AbbreviaFon extracFon (Schwartz and Hearst, 2003) 
  IdenFfy short and long forms when occurring together in text 

… Zn finger homeodomain 2 (Zm 2) … 

Slide from Chris Manning 



Orthographic (leier n‐gram) 
features: what’s in a name? 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Alien Fury: Countdown to Invasion 
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Named enFty recogniFon results 

 NER is commonly thought of as a solved problem 

  Accuracies of >90% are typical 
  (But very genre‐dependent: BioMed NER is much harder) 

 NER isn’t usually considered part of NLU 

  Reminiscent of “The AI Effect”: 
 “Every Fme we figure out a piece of it, it stops 
being magical; we say, Oh, that's just a 
computa)on.” —Rodney Brooks 



RelaFon extracFon example 

CHICAGO (AP) — Citing high fuel prices, United Airlines said 
Friday it has increased fares by $6 per round trip on flights to 
some cities also served by lower-cost carriers. American Airlines, 
a unit AMR, immediately matched the move, spokesman Tim 
Wagner said. United, a unit of UAL, said the increase took effect 
Thursday night and applies to most routes where it competes 
against discount carriers, such as Chicago to Dallas and Atlanta 
and Denver to San Francisco, Los Angeles and New York. 

Slide from Jim MarFn 



RelaFon types 

For generic news texts... 

Slide from Jim MarFn 



Slide from Doug Appelt 

Types of ACE RelaFons, 2003 

  ROLE ‐ relates a person to an organizaFon or a geopoliFcal 
enFty 
  Subtypes: member, owner, affiliate, client, ci3zen 

  PART ‐ generalized containment 
  Subtypes: subsidiary, physical part‐of, set membership 

  AT ‐ permanent and transient locaFons 
  Subtypes: located, based‐in, residence 

  SOCIAL‐ social relaFons among persons 
  Subtypes: parent, sibling, spouse, grandparent, associate 



Frequent Freebase RelaFons 

  a 



RelaFons in ontologies: geographical 

Ontology F-Logic 

similar 

city 

Neckar Zugspitze 

Geographical Entity (GE) 

Natural GE Inhabited GE 

country river mountain 

instance_of 

Germany 

Berlin Stuttgart 

is-a 

flow_through 

located_in 

capital_of 

flow_through 

flow_through 

located_in 

capital_of 

367 

length (km) 

2962 

height (m) 

Design: Philipp Cimiano 

Slide from Paul Buitelaar 



Other relaFons: disease outbreaks 

Slide from Eugene Agichtein 

May 19 1995, Atlanta -- The Centers for Disease Control  
and Prevention, which is in the front line of the world's  
response to the deadly Ebola epidemic in Zaire ,  
is finding itself hard pressed to cope with the crisis…  

Date Disease Name Location 
Jan. 1995 Malaria Ethiopia 
July 1995 Mad Cow Disease U.K. 

Feb. 1995 Pneumonia U.S. 
May 1995 Ebola Zaire 

Information  
Extraction System  
(e.g., NYU’s 
Proteus) 

Disease Outbreaks in The New York Times 



Other relaFons: protein interacFons 

„We show that CBF-A and CBF-C interact  
with each other to form a CBF-A-CBF-C complex 
and that CBF-B does not interact with CBF-A or  
CBF-C individually but that it associates with the  
CBF-A-CBF-C complex.“ 

CBF-A                    CBF-C 

CBF-B             CBF-A-CBF-C complex 

interact 
complex 

associates 

Slide from Rosario and Hearst 



Other relaFons: UMLS 
  Unified Medical Language System 

  integrates linguisFc, terminological and semanFc informaFon 
  SemanFc Network consists of 134 semanFc types and 54 relaFons 
between types 

Pharmacologic Substance       affects  Pathologic Function 
Pharmacologic Substance       causes  Pathologic Function 
Pharmacologic Substance       complicates  Pathologic Function 
Pharmacologic Substance       diagnoses  Pathologic Function 
Pharmacologic Substance       prevents  Pathologic Function 
Pharmacologic Substance       treats  Pathologic Function 

Slide from Paul Buitelaar 



RelaFons in ontologies: GO (Gene Ontology) 
  GO (Gene Ontology)  

  Aligns descripFons of gene products in different databases, including 
plant, animal and microbial genomes 

  Organizing principles are molecular funcFon, biological process and 
cellular component 

Accession:  GO:0009292 
Ontology:  biological process 
Synonyms:  broad: genetic exchange 
Definition:  In the absence of a sexual life cycle, the processes  

  involved  in the introduction of genetic information to create 
   a genetically different individual. 

Term Lineage  all : all (164142) 
   GO:0008150 : biological process (115947) 
    GO:0007275 : development (11892) 
     GO:0009292 : genetic transfer (69) 

Slide from Paul Buitelaar 



Why this is hard: Ambiguity! 

Treatment  Disease 

Cure? 

Prevent? 

Side Effect? 

Which relaFons hold between two enFFes? 



RelaFons between disease & treatment 

 Cure 
These results suggest that con A-induced hepatitis was 
ameliorated by pretreatment with TJ-135. 

 Prevent 
A two-dose combined hepatitis A and B vaccine would 
facilitate immunization programs. 

 Vague 
… effect of interferon on hepatitis B. 

Slide from Barbara Rosario and MarF Hearst 



RelaFons between words 

  Language understanding applicaFons need word 
meaning! 
 QuesFon answering 
  ConversaFonal agents 
  SummarizaFon 

 One key meaning component: word relaFons 
 Hierarchical (hypernym/hyponym) relaFons 

  “San Francisco” is a “city” 

 Other relaFons between words  
  “alternator” is a part of a “car” 



Hyponymy 

 One sense is a hyponym of another if the first 
sense is more specific, denoFng a subclass of the 
other 
  car is a hyponym of vehicle 
  dog is a hyponym of animal 
 mango is a hyponym of fruit 

  Conversely 
  vehicle is a hypernym/superordinate  of car 
  animal is a hypernym of dog 
  fruit is a hypernym of mango 

superordinate vehicle fruit furniture mammal 

hyponym car mango chair dog 



The WordNet noun hierarchy 

ProperFes: 
TransiFve, Acyclic 

hip://wordnetweb.princeton.edu/perl/webwn 

slide from Rion Snow 



X is‐a‐part‐of Y 
(meronym / holonym) 

X is‐a‐kind‐of Y 
(hyponym / hypernym) 

WordNet relaFons 

slide from Rion Snow 



WordNet Noun RelaFons 



WordNet is incomplete 

In WordNet 3.1  Not in WordNet 3.1 

insulin 

progesterone 

lepFn 

pregnenolone 

combusFbility 

navigability 

affordability 

reusability 

HTML  XML 

Google, Yahoo  Microsod, IBM 

Esp. for specific domains: restaurants, auto parts, finance 

Ontological relaFons are missing for many words: 



RelaFon extracFon: 5 easy methods 

1.  Hand‐built paierns 
2.  Supervised methods 
3.  Bootstrapping (seed) methods 
4.  Unsupervised methods 
5.  Distant supervision 



1.  Hand‐built paLerns 
2.  Supervised methods 
3.  Bootstrapping (seed) methods 
4.  Unsupervised methods 
5.  Distant supervision 

RelaFon extracFon: 5 easy methods 



A complex hand‐built extracFon rule 

NYU Proteus 



Problems 

 Have to write many new rules for each possible 
relaFon 
  hard to write 
  hard to maintain 
  there are a zillion of them 
  domain‐dependent 

  Can we do something more general? 



Adding hyponyms to WordNet 

  IntuiFon from Hearst (1992)  
  “Agar is a substance prepared from a mixture 
of red algae, such as Gelidium, for laboratory 
or industrial use” 

 What does Gelidium mean?  

 How do you know?` 



Adding hyponyms to WordNet 

  IntuiFon from Hearst (1992)  
  “Agar is a substance prepared from a mixture 
of red algae, such as Gelidium, for laboratory 
or industrial use” 

 What does Gelidium mean?  

 How do you know?` 



PredicFng the hyponym relaFon 

How can we capture the variability of expression of a relation in 
natural text from a large, unannotated corpus?


“...works by such authors as Herrick, Goldsmith, and Shakespeare.”


“If you consider authors like Shakespeare...”


“Shakespeare, author of The Tempest...”


“Some authors (including Shakespeare)...”


“Shakespeare was the author of several...”


Shakespeare IS-A author (0.87) 



Hearst’s lexico‐syntacFc paierns 

(Hearst, 1992):   Automa)c Acquisi)on of Hyponyms 

 “Y such as X ((, X)* (, and/or) X)” 
 “such Y as X…” 
 “X… or other Y” 
 “X… and other Y” 
 “Y including X…” 
 “Y, especially X…” 



Examples of Hearst paierns 

Hearst paLern  Example occurrences 

X and other  Y  ...temples, treasuries, and other important civic buildings. 

X or other  Y  bruises, wounds, broken bones or other injuries... 

Y such as X  The bow lute, such as the Bambara ndang... 

such Y as X  ...such authors as Herrick, Goldsmith, and Shakespeare. 

Y including X  ...common‐law countries, including Canada and England... 

Y, especially X  European countries, especially France, England, and Spain... 



Paierns for detecFng part‐whole 
relaFons (meronym‐holonym) 

Berland and Charniak (1999) 



Results with hand‐built paierns 

 Hearst:  hypernyms 
  66% precision with “X and other Y” paierns 

  Berland & Charniak: meronyms 
  55% precision  



Problem with hand‐built paierns 

  Requires that we hand‐build paierns for each 
relaFon! 

 Don’t want to have to do this for all possible 
relaFons! 

  Plus, we’d like beier accuracy 



1.  Hand‐built paierns 
2.  Supervised methods 
3.  Bootstrapping (seed) methods 
4.  Unsupervised methods 
5.  Distant supervision 

RelaFon extracFon: 5 easy methods 



Supervised relaFon extracFon 

  SomeFmes done in 3 steps: 
1.  Find all pairs of named enFFes 
2.  Decide if the two enFFes are related 
3.  If yes, then classify the relaFon 

 Why the extra step? 
  Cuts down on training Fme for classificaFon by 
eliminaFng most pairs 

  Producing separate feature‐sets that are appropriate for 
each task 



RelaFon analysis 

 Usually just run on named enFFes within the 
same sentence 

Slide from Jim MarFn 



Slide from Jing Jiang 

RelaFon extracFon 

  Task definiFon: to label the semanFc relaFon 
between a pair of enFFes in a sentence (fragment) 

…[leader arg-1] of a minority [government arg-2]… 

PHYS PER-SOC EMP-ORG NIL 

PHYS: Physical 
PER-SOC: Personal / Social 
EMP-ORG: Employment / Membership / Subsidiary 



Supervised learning 

  Supervised machine learning (e.g. [Zhou et al. 2005], [Bunescu 
& Mooney 2005], [Zhang et al. 2006], [Surdeanu & Ciaramita 2007]) 

  Training data is needed for each relaFon type 

…[leader arg-1] of a minority [government arg-2]… 

arg-1 word: leader arg-2 type: ORG 

dependency: 
arg-1  of  arg-2 

EMP-ORG PHYS PER-SOC NIL 

Slide from Jing Jiang 



ACE 2008 tasks 

  EDR (EnFty DetecFon and RecogniFon)  
 within‐document (“local”) 
 cross‐document (“global”) 

  RDR (RelaFon DetecFon and RecogniFon) 
 within‐document (“local”) 
 cross‐document (“global”) 



ACE 2008 

  An en3ty is an object or set of objects in the 
world.  

  A men3on is a reference to an enFty.  
 Name MenFon: Joe Smith 
 Nominal MenFon: the guy wearing a blue shirt 
  Pronoun MenFons: he, him 



ACE 2008: five enFty types 

  Person (PER) ‐ Human individual or  group. 
  PER.Individual [Bill Clinton], [The President of the U.S.] 
  PER.Group: [Analysts], [IBM’s lawyers] [the house painters] 

 OrganizaFon (ORG) ‐ CorporaFon, agencies, etc. 
groups 

  ORG.GOV:  [KGB], [the administra)on] 
  ORG.COM, ORG.EDU, ORG.NONGOV “The Red Cross” 
  ORG.REL, ORG.SCI, ORG.SPO 
  ORG.ENT: [the Roundabout Theater Company] 



ACE 2008: five enFty types 

 Geo‐poliFcal EnFty (GPE) ‐ GPE enFFes are 
geographical regions defined by poliFcal and/or 
social groups 

  NATION, CONTINENT, STATE, POPCENTER, etc 
  [France], [The people of France] 



ACE 2008: five enFty types 

  LocaFon (LOC) ‐ LocaFon enFFes are limited to 
geographical enFFes such as geographical areas 
and landmasses, bodies of water, and geological 
formaFons. 
 ADDRESS, BOUNDARY, CELESTIAL, WATER‐BODY, LAND‐
REGION‐NATURAL, REGION‐GENERAL 

  Facility (FAC) ‐ Buildings and other permanent 
man‐made structures 
 AIRPORT, PLANT, PATH (street, bridge), etc. 



ACE 2008: EDR 

  For each enFty, all menFons of the enFty are 
recorded and coreferenced 



ACE 2008: six relaFon types 



ACE Agent‐ArFfact RelaFon 

 User‐Owner‐Inventor‐Manufacturer 



ACE General‐AffiliaFon RelaFon 

  CiFzen‐Resident‐Religion‐Ethnicity 

 Org‐LocaFon‐Origin 



ACE ORG‐AffiliaFon RelaFon 

  Employment 

 Owner 

  + Founder, Membership, Sports‐AffiliaFon, 
Shareholder 



ACE Part‐Whole RelaFon 

 GEO 

  SUBSIDIARY 



ACE Personal‐Social RelaFon 

  Business 

  Family 

  LasFng 



ACE Physical RelaFon 

  LOCATED 

 NEAR 



ACE 2008 Training data 



Features: words 

American Airlines, a unit of AMR, immediately matched the 
move, spokesman Tim Wagner said. 

Bag‐of‐words features 
 WM1 = {American, Airlines}, WM2 = {Tim, Wagner} 

Head‐word features 
 HM1 = Airlines, HM2 = Wagner, HM12 = Airlines+Wagner 

Words in between 
 WBNULL = false, WBFL = NULL, WBF = a, WBL = spokesman, 
 WBO = {unit, of, AMR, immediately, matched, the, move} 

Words before and aSer 
 BM1F = NULL, BM1L = NULL, AM2F = said, AM2L = NULL 

Word features yield good precision, but poor recall 



Features: NE type & menFon level 

American Airlines, a unit of AMR, immediately matched the 
move, spokesman Tim Wagner said. 

Named en3ty types (ORG, LOC, PER, etc.) 
 ET1 = ORG, ET2 = PER, ET12 = ORG‐PER 

Men3on levels (NAME, NOMINAL, or PRONOUN) 
 ML1 = NAME, ML2 = NAME, ML12 = NAME+NAME 

Named enFty type features help recall a lot 
MenFon level features have liile impact 



Features: overlap 

American Airlines, a unit of AMR, immediately matched the 
move, spokesman Tim Wagner said. 

Number of men3ons and words in between 
 #MB = 1, #WB = 9 

Does one men3on include in the other? 
 M1>M2 = false, M1<M2 = false 

Conjunc3ve features 
 ET12+M1>M2 = ORG‐PER+false 
 ET12+M1<M2 = ORG‐PER+false 
 HM12+M1>M2 = Airlines+Wagner+false 
 HM12+M1<M2 = Airlines+Wagner+false 

These features hurt precision a lot, but also help recall a lot 



Features: base phrase chunking 

American Airlines, a unit of AMR, immediately matched the 
move, spokesman Tim Wagner said. 

 0 B-NP    NNP   American        NOFUNC      Airlines      1 B-S/B-S/B-NP/B-NP

 1 I-NP    NNPS  Airlines        NP          matched       9 I-S/I-S/I-NP/I-NP

 2 O       COMMA COMMA           NOFUNC      Airlines      1 I-S/I-S/I-NP

 3 B-NP    DT    a               NOFUNC      unit          4 I-S/I-S/I-NP/B-NP/B-NP

 4 I-NP    NN    unit            NP          Airlines      1 I-S/I-S/I-NP/I-NP/I-NP

 5 B-PP    IN    of              PP          unit          4 I-S/I-S/I-NP/I-NP/B-PP

 6 B-NP    NNP   AMR             NP          of            5 I-S/I-S/I-NP/I-NP/I-PP/B-NP

 7 O       COMMA COMMA           NOFUNC      Airlines      1 I-S/I-S/I-NP

 8 B-ADVP  RB    immediately     ADVP        matched       9 I-S/I-S/B-ADVP

 9 B-VP    VBD   matched         VP/S        matched       9 I-S/I-S/B-VP

10 B-NP    DT    the             NOFUNC      move         11 I-S/I-S/I-VP/B-NP

11 I-NP    NN    move            NP          matched       9 I-S/I-S/I-VP/I-NP

12 O       COMMA COMMA           NOFUNC      matched       9 I-S

13 B-NP    NN    spokesman       NOFUNC      Wagner       15 I-S/B-NP

14 I-NP    NNP   Tim             NOFUNC      Wagner       15 I-S/I-NP

15 I-NP    NNP   Wagner          NP          matched       9 I-S/I-NP

16 B-VP    VBD   said            VP          matched       9 I-S/B-VP

17 O       .     .               NOFUNC      matched       9 I-S


Parse using the Stanford Parser, then apply Sabine Buchholz’s chunklink.pl: 

[NP American Airlines], [NP a unit] [PP of] [NP AMR], [ADVP immediately] 
[VP matched] [NP the move], [NP spokesman Tim Wagner] [VP said]. 



Features: base phrase chunking 

[NP American Airlines], [NP a unit] [PP of] [NP AMR], [ADVP immediately] 
[VP matched] [NP the move], [NP spokesman Tim Wagner] [VP said]. 

Phrase heads before and aSer 
 CPHBM1F = NULL, CPHBM1L = NULL, CPHAM2F = said, CPHAM2L = NULL 

Phrase heads in between 
 CPHBNULL = false, CPHBFL = NULL, CPHBF = unit, CPHBL = move 
 CPHBO = {of, AMR, immediately, matched}  

Phrase label paths 
 CPP = [NP, PP, NP, ADVP, VP, NP] 
 CPPH = NULL 

These features increased both precision & recall by 4‐6% 



Features: syntacFc features 

These features had disappoinFngly liile impact! 

Features of men3on dependencies 
 ET1DW1 = ORG:Airlines 
H1DW1 = matched:Airlines 
ET2DW2 = PER:Wagner 
H2DW2 = said:Wagner 

Features describing en3ty types and dependency tree 
 ET12SameNP = ORG‐PER‐false 
ET12SamePP = ORG‐PER‐false 
ET12SameVP = ORG‐PER‐false 

American

Airlines

nn

unit

appos

a

det

AMR

prep_of

immediately

matched

nsubj advmod

move

dobj

the

det

spokesman Tim

Wagner

nn nn

said

ccomp nsubj



Features: syntacFc features 
S 

                                          S                                                                     NP                    VP  

                         NP                               ADVP            VP                                  NN      NNP    NNP    VBD  

           NP                     NP                     RB              VBD          NP 

  NNP      NNPS      NP      PP                                                DT   NN 

DT NN IN  NP 

NNP 

American Airlines a unit of AMR immediately matched the move spokesman Tim Wagner said 

Phrase label paths 
 PTP = [NP, S, NP] 
 PTPH = [NP:Airlines, S:matched, NP:Wagner] 

These features had disappoinFngly liile impact! 



Feature examples 
American Airlines, a unit of AMR, immediately matched the 
move, spokesman Tim Wagner said. 



Classifiers for supervised methods 

Now use any classifier you like: 

 SVM 
 LogisFc regression 
 Naïve Bayes 
 etc. 

[Zhou et al. used a one‐vs‐many SVM] 



Sample results 

Surdeanu & Ciaramita 2007 



Surdeanu & Ciaramita 2007 

Sample results 



RelaFon extracFon: summary 

  Supervised approach can achieve high accuracy 
 At least, for some relaFons 
  If we have lots of hand‐labeled training data  

  But has significant limitaFons! 
  Labeling 5,000 relaFons (+ named enFFes) is expensive 
 Doesn’t generalize to different relaFons 

 Next Fme: beyond supervised relaFon extracFon 
  Semi‐supervised relaFon extracFon 
 Distantly supervised relaFon extracFon 
 Unsupervised relaFon extracFon 


