Abstract

Causal relations are essential knowledge for interpreting discourse structure of text.
This paper presents a method that extracts causal relations of lexical patterns in the
form of quasi Horn clauses: for example,” A acquires B” AND® B is located in X"
—“ the acquisition gives A operations in X" . The input of the method is a relation
tuple consisting of two entities and a verb, e.g., (A, acquire, B). The method finds
coreferencial expressions of the given relation that mention the same event. We use
nominal forms of verbs included in FrameNet for finding the coreference expression. If
a nominal form of a relation occurs as the subject in the dependency tree of a sentence,
the sentence is likely to describe what is caused by the event. Then the method uses
several NLP techniques (part-of-speech tagging, coreference resolution, dependency
parsing and named entity recognition) in order to build a lexical pattern containing
the entities (A and B). However, such rules are so specific that computers cannot reuse
the knowledge of causality relation: for example,” the acquisition gives A operations
in Nevada” . Therefore, the proposed method generalize the rules by introducing a
variable X and estimating the relation between X and A or between X and B. For
evaluation, we asked human annotators to judge the correctness of the causal-relation
rules. The result shows that the proposed method precisely extracts the causal-relation

rules.
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0 3.1: FrameNet D00 000000000 OOOO

0ooo 00 | 00 (LU)

Event 00 | go on, happen, occur, take place, transpire

00 | development, event

Getting 00O | acquire, gain, get, obtain, procure, score, secure, win

00O | acquisition, procurement

Commerce_buy | 00O | buy, purchase

00 | purchase

Attack 00O | ambush, assail, assault, attack, bomb, bombard, charge, hit,

fall, infiltrate, invade, jump, lay, raid, set, storm, strike

00O | airstrike, ambush, assailant, assault, attack, attacker, fire,
bombardment, bombing, charge, drive-by, incursion, invader,
infiltration, offensive, onset, onslaught, raid, SAF, safire,

small arms fire, strike

Apply_heat 00O | bake, barbecue, blanch, boil, braise, broil, brown, char,
coddle, cook, deep fry, fry, grill, microwave, parboil, plank,
poach, roast, saute, scald, sear, simmer, singe, steam, steep,

stew, toast

oo (00

3.3.3 FrameNet
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0000 (Container)0 OO (Heating instrument) 0 00 0 00 0 O FrameNet 0 0 O O
000000 (Apply-heat) D000 0DO0O00DO (frame) 0000000 OCook O FoodO
Containterd Heating instrument 0 000 0 00O (frame elements) 0 00000000

3https://framenet.icsi.berkeley.edu/fndrupal/
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gobodoooboooboooooboooooboooooboooooooooon
gooooooo3d2boooonouooooonooooooog

0000ooooooooo0DFrameNet 000 00000000000000O0OO
godoooooooooobooooooooooooooboooooooooon
O0doo20120 20000FrameNet 00 113500 00000000000000O0O
oo 0000000000000 00O0O00000000O0000O00O 1645000
000000000000 9Y43900000000000ODO0O0DOOOOOOOO (LU)
01238r00o0o0o0ogooa
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3.3.4 0OUOOOOgOOO

obobobOobobobooobooooooooooooobogn FrameNet OO
gobodbooooboobooooboobooobbooo

1. 000000000000000 FrameNet DOOOOOOODOO “buy” 000
0000 “Commerce_buy” 00000

2. 000oooboobooboboobo0bbo0ooboooboobobDobbDob Do
oooooooobobooD+*er0d0+“r”0000000DOOO0OOO0O0O0OO
O “uyy” 0000000000 “Commerce.buy” DO0O0O0O0DOO “purchase” O
gooooobobooooooo “spuwyer DO OO0OOODOoOoDUODOOO
goooopoooOoOOOobDOO0O0UODOOoOUO0obDODOOOoOoUbODooOag
OOooOOoO0OoDooooo

. 000D00b0nooooooobobooDoooooboobobooooooooDo
00000000000 “Commercebuy” 0000000000 “Getting” OO
0000000000000 “acquisition” O, “procurement” OO0 0O 0O O O

goboobogobbooboobboooboobboooboobobooobooobo
gobooboooobooboobbooboobboobooboobbooboo
gbooobooboboobobooboobobooboobobooboboooboon
OooooobooonD “puy” 0000 “acquisition” DO O DODOOOOOOOOOODOO
gobooboooobooboobbooboobboobooboobbooboo
goboobooobooboooobooboonoobg

gobooboobboobooboboooboobobooobooboooboooboo
00000000000 0000000 (“buy” 0 “purchase” 00 )ODO0O0O00OOOOO
gobodobooobobooboobboobuoobbooboobooboboooboo
OO0 FrameNet OO OO0 O0OO0OOO0OO0O0OO0ODO0ODOOOOODOODOOOOOODOODO
gobodobooobobooboobboobuoobbooboobooboboooboo
gobooboooboobboooboon

obooooooobobobobooboob 10b0bob0ob0boOdFrameNet OO
goboobooooboobbooboobboobol1booboobbooboo
gobodoboooobooboobbooboobbooboobooboboooboo
gobodoboooobooboobbooboobbooboobooboboooboo
goil1gbobooboobbooboobbooboobbooboobboooboo
gobogoooboooooo
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3.4 0OO0oon

Uo000b000b000b0o0bo0bb0O0OFrameNet D0 0000000000 0OODO
gboboobobobobobobobobobobobobbobobobbobo
gbobobobobobo1l1ocoooooooooooooooboooooooon
O000o00 “puy” 000 “acquisition” 00O DO0O0O0O0OOO0O00O0O0O “purchase”
000 “acquisition” OO0 OO00OO0OO00OOODOO

ugbbogboogbboobooobbooooobboooboobooobooboo
gbooooboobgoboobboobobobooooobiloboboobooboobon
goboodgbbooobooobboooboobboobuoobbooboobd

3.5 UJooon

O0000000000000000000000000000000000000
00 (00D0000000000000000000)00000000000 Stanford
CoreNLPO OO OO

3.5.1 Stanford CoreNLP

Stanford CoreNLP O O O Stanford Natural Language Processing Group 0 0 0 0 O
0000000000000 0000000D0DO0ODOO000000DOODODO0O00
O000000ooooooooooo

goo
gobobbooobbobooooobobooobbboooobboboooooboobo
gooboboboobobogoooooo«“~oboboboooboooooooooo
goooo

gooobgo
gbobobobgboboobooooobobooboboboboboooboooo
gboboboboboboboboboboobo

This/DT is/VBZ a/DT sample/NN sentence/NN

“DT” O determiner(0 O O0)0 “VBZ” O verbl present tensel] 3rd person singu-
lar(CO00000O0OO0O0)00000C00O0O0ODOO0ODOOOOODOOOOOOO

“http://nlp.stanford.edu/software/corenlp.shtml
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032000000000

o0 00 O

Time oo0ooooo 12:00, 10 pm

Location ooooooo United States, Japan
Organization | 0000000000000 | IBM, FIFA

Person ooooooo Michael Jackson, Obama
Money ooooooo $100,000, 100 yen
Percent ooooooog 97.79%, 50 percent

Date oo0ooooo 1999, 4 April

Number goooood 1, ten

000000000000 O000O0DO0Od Brown Corpusd TagOOOOOOO

0ooono

gooobgo

gbooboboobooboobobooboboboboobobooobobn
goooboooobooobooboboooboboooobooboobooboo 3.200

gobooboobooooboobooooooboooooooooo

Google/ORGANIZATION was/O founded/O by/O Larry/PERSON
Page/PERSON and/O Sergey/PERSON Brin/PERSON

goog

ugobbobooooboobooooboobooobobobooooobooooooo

gbooooo

Bills on ports and immigration were submitted by Senator Brownback,

Republican of Kansas

0000000000003300000000000000000 3.300 (root)
O “submitted” O O 00 “Bills” O “submitted” 0 O O O nsubjpass(0 00000
00)0000000000000000000000000DO0000DO0O0DOO

gbobobobobobobobobobobobobo

Shttp://www.comp.leeds.ac.uk/ccalas/tagsets/brown.html
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submitted

/.s’ubjpass l awcpass\prep

Bills were by
lpmp l.'wb.f’
on Brownback
lpobj / nn \IIJP(JS
ports Senator Republican
/ cc \('on; lprep
and immigration of
lﬂﬂbj
Kansas

g 33 000aoo

goood
uboboodgbooboobobobooobobboobobuooobobaonoo
ugbbogboobbooboobbooboo

I bought a cake. I ate it.

goobobooooooblioboo ‘ro2000 roobooboboo2000
“it70 1000 “cake” OO DOOOOOOOOOOOOO

gbo4000oooboboooooboboooobobnoooboboobuoonooo
goboopobooboooboobbooboooobooooboobbooboo
gobooboooobooboobbooboobbooboobooboboooboo
gobooboooobooboobbooboobbooboobooboboooboo
goboobooooobooboobobooban

gbooboooooooooobooboboboboboboopooooooooon
goboobooooobooboobobooboobbooboooboon

19



3.6 Uoooood

gboboobooobbooboobboooooobbooobooboooboooo
goboobooobbooboooboboooodg

3.6.1 OUUgooOooO

00000000 (OO0 FrameNet DO OO OO0, 000000000000000O
O000000)00000oUoU00O00o0o0oo00o0oo0o00 “puy”000O0O0
oModbo“puy”00000D0ODODODODODDO

goobodboboooboooboobbooobooboobboooboooboboobo
gogbobooboboobboobobooobboobboobboo 33gunoonooo
goboobogo 34booboooobooboobobooboooo

033 0000000000000000000

oooo (o0 O

nsbj oooo Clinton defeated Dole

agent 0000 “by”D00O0O0O | The man has been killed by the police
poss o0 their offices

034 00000000000000000000
goog | oo g

dobj goognd She gave me a raise
sbjpass 000000 | Dole was defeated by Clinton

iobj ooooo She gave me a raise

000000000O((@OoOoOoooooooDO)boooDo 3000oOoOOOoooOOo
gobob3000oooouoouoobobo 1loboboboboooooDooobDooooDooon
ooooooboooosboooo2b00boobooooboobooboooboobooo
000o000oo0oo0o0oooo0oo00oooo0oOo0o0oo0ooDOooooooDo
goboboooboobobobooobooboboo3oobobooDobobUobobDoo
00000000000 00oooo0oo00oooo0oOoO0o0ooo0ooDO0o0ooooD
goobooobobooooobobobobobOo320b0obobooobUbDUoOoDbO
000000 “Location”d “Organization”0 “Person” 00 000000000000
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00000000 “Abuys B> (ADBOODOOOOOOOOOCOOO)0O0OO 100
gbobobobobobobobobobobobobob1oboboooboooon
gbobgooobobobooboobobooloobooboboo3obonbon
gbobobobobobobobobobobobobooboooboboobooobooon
O0OD00O0O “AverbB’O0AODOOOCOOODODOOOOOODOOBOOOOODOODO
gbobobooooooooooo

3.6.2 LUUUO0OOODOOO

gbobooboogobboobooobobooooooboobooooboooboooooboooo
00o0000U0U00o0o0oooo0ooO0UU00 (bo)OooLOOoUUoDoDoooDOoODo
goboooboboobooboboobboooboobbooooboobobooonooo
FrameNet 000000000000 DOODOOODOOOOOOODOOOODOOO
goboodboooobooobooobboobuooboboobooboobobooooo
obobobos34000nooogoog

000000000000 (reot) OOOO0OO0OOOODOOODOODOODOOODOOOO
goboodboooboboobooobboobuoobboobooboobobooooo
godboodbbOrootODO00b00OO0nnOOoO0nOOo0onooonooonobooonooonoon
gobooboooboboooboooboobooobooooon

lL.rootU00OD0O0O0O0OO0OOO4000000 reotd00D0DOobobDOonOO
ubooboooobooobooonobooooan

2.root UODODOO0DO 30000 root0O00O0ODOOD0DOODOOODODOODOOO
goooooooboobooboobooboboooogooboooboon «xr
gbooboboobooooooooobo Xrbobobuobooooooooo
0000000000000 0000 (boDO0O0DUooODOoDUoUoOooOOoOOoOo
000)00000000000O0000O0Oon

3. 0020000010000 reot000D00OD0O0ODOOOOOODODLDOODOO
gboooobobobooooobbobooboobobooooboobooo
gooo

4. 000000 “X»000000000000AO B@B61000000O0OOOO
O0000oo0O0O0)0000ooOo0o0oooO0o0ooooOo0ooDooooDoOoO
ooooo0ooo ‘A0 “BpPO00O0O000ooooooooooboooOogo
gboobooboob1l1obobobobobobobobobob
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U35 00000000o00ooggooaooo

ooood oo

advel oooogoo
advmod goood
appos oo

amod ooobo
complm oo

dep oooogoo
mark gooogo
quantmod | OO OO
rcmod ooooo
xcomp ooooao
xsubj oooon

e NOIDODOOO0ODOODDOODOODO

e JIDDU0DDODDODDODOODDODDODOODDODODODOD
0 “Google Inc.” 000 000 “Google” O “Google Inc.” OO0 O0O0OO0O

e 10IUIUIOOOOOOUOOOUOOOOOOOOOOOOOOOU I “Hewlett-
Packard” OO DO UODOUODOO “HPPOLOOOODOO

5. 000000 XO0000bO0ob0U00ob0obobOobOobOOoboUoooobOoDbo
o0obO0obOooooDooOooooooboO“MONEY”O0ODODOOODOOOO
O00DO0ODOO0O0OD000 3.20000 “Time”d “Money” [ “Percent”d “Date”
“Number” D0 UOO0OO0O0O0OOOO “Location”d “Organization”d “Person” [
0000000000000 000000000000D000O00D000 “X”
oo0ooooon

6. D000 DOO0DOO0o0bOOo0bOoobboobDbobobbOroot0noonooonOon
oooooDbOoo0O0oOobDbOOoOoU0U“and”00000O0ODOOOOOODOOOO
ubooooobooobooooo ssubuobobooboobobooooboonoo
uogbooobobooboobooboobooobboobooobboobooooboo

0000oooooooooboboooooooooobooD 34000000 “buy”0 O
00000 “acquisition” 00O OOOO
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The acquisition also gives UnitedHealth new operations in Nevada.

Y

gives
nsbj dobj
advmod  1obi
acquisition also UnitedHealth operations
léls;L amoc/\]gep
The new in
‘ pobj ‘l,
gives Nevada
nsbj dobg
i0bj
acquisition A operations
\l,glgz \1@)
The 1mn
poby J,
X

0 34: 00000000000

UnitedHealth buys Pacificare.

The acquisition also gives UnitedHealth new operations in Nevada.

gobodboooboobooobooboobbooo
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3.7 OOoOoog

ubobobobobobobobooboboooooooobobobobobn
ooooooooooooooooD “A’0 «B’O0000O “MONEY"OOODOOOO
ooboooooboOooooooooo«X»booooooboooooboooobooooDo
Oo0oooooD Xx»ooooooooooooooo«<Xx?O “A”0 “BPO0O0O00O0O
O0000000000oooon “Averd B’0 “Xoerb B"O0O0O0000O00OO
gogboodgboooboobooobuoobobooboobboobuoobobon

oo0 «X’0 “A”0 “B"O000000000000000CCODOOO00OOO00O
goooo0o0o00oooooooooXrgoopopooooopooooo«Arg «B”
gobodgbooobouoobboobuooboobobuoobbool1oobboobooo
goboogbbooboobbuoobboooboboobooobuoobbooboo
oooooooooooooooobboooooobboooboooo«sroboooDO
gooooboooooooXrboooooobo “pPoobooboboboooooo
“Bis headquotered in X” OO 0000000 OOO0OOOOOOOOOODOOODOO
gobodboobobooboobboobuoobboobuodoboobbooboo
gobodboobobooboobboobuoobboobuodoboobbooboo
gobodgboooooaobooon

e ClueWeb09°0 0 Reverb’0 0000000000000 0000O0D000O0DDO0O
000 “X»00000000000 (000000000 ouoo)oooooooo
00000000 AOO0OBOOOOODO (ODO)DODDOUODDOOOODODOOOOODOO

e DU ODOODLOOLOUODOODLDODLODLDOODLOODLODLOOODOODLODbLODnO
uboboobooobobooboooboo

3.7.1 Reverb

Reverb 0000000000 200000000000000000O000O0O00ODOO
00db00b0ob0obobOobobobbo2000000 TextRunnerd OO oo
000D0O00DO0O0O0DO00O0ObO0ObO0ObO0ObOOO0OOoOoOoOO0 ReverbO ClueWeb09
0000000000 00DO0OD0CIueWeb09 O Web OO OOOOOODOOODOODO
00000000000 DO0000D0O0OD00 ReverbOOOOODOODOOOOODODO
gobboooooooobbbobodouoobbbooooobobobobooooobobobon
(entityl, relation, entity2) 0 0 000 15000 000000000000

Shttp://lemurproject.org/clueweb09.php/
"http://reverb.cs.washington.edu/
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3.7.2 OO

ADDBOOOODOOOOOOOOOOOOOODOOOO0O0O0O0O0O0OOOO entityl
0000 entity200000000000000000000000DO0O00O0O¢%A”0O
“B’0000000000000000000000000000000000000
0000000 “A”00000000“BeerhX”’00000000000000000
00000000000000000 “A”0 “B"00 (0000 “A verb X” 0 “B verb
X*O0OoOo)ooooooo

00000000 entityl 0 entity2 000 0000000000000 00O00O0
0000000 10000000000000000000000000000000
000000000000000000000“A’0 “B’0000000000000
000000000000000000000 ReverbO0ODOO°0000 100000
0000000000001 00000000000000000000000000
oooo

3.73 0OUOOOO

go0oooOoOoODOOO00O0OoO0oooog «XX'o “A’0 “BPOoooooooooog
gobodgbolboobbooboobbooboobbooboobboobooo
o000 (SsvM)UOooOOoOooooOoooOoooooO0obooUobooooooOoOoOoo
goood

gobooobooo

0000000000 0000000O0DOO0O0000000 “X»0 “A”’0 «“B"0000
000000000000 00000000000000000000000 *“acquire” (O
00000 “Getting”)000 1000000000000 O00O0OOOOOOOOODO
gbobobobobobobobobobbobobbobboLobOUobUobObobDobDOoo
“X»Oooob wooooobooboboboboboobooooooobobobo x”

S000000000000MySQLODOOODDOOOMySQLOOODOOODOOODOODOOODOOO
goooooodoooboboooooooboobooooooboooooobooooooooboOoooooboOoo
goboooooooooboooooooobooooboooooooboooooboooo

Reverb 000000 20000010000000000000 (J00D0000D0O0D0O0OODO0O
000000)00000000000000 100000000000000000000000000
oooooooboooo

YOpoooDooDO000O0000D000000000000000000001000000000000
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0 “A”0 “B"00000000000000000OO0 positive/negative 0 00 0 O

gbobbobo1oobobobogobobobobobobobob
oooooooooooooobooosvMODOOOOOoOooosvMbOOoOoooo

gboboboboboboboboboobobooboboo

1. 000bo0oboooboog
OO000D00O00 entitylOentity20O00OD0“A”0 “B"00000000000O0O
(00Doo«X’oooU0oooooooooooooUoUoOooooooO)oo
“X’oobooooooooooobooooooooboooobooooogooonog

' Vi - Vs
coszne(vi,vj):W

il 1Y
gboboboobooobooooboobooooboooooboooo

2. 00000000
OO0O000O0O0d relation000000O0DOOOOO0OODOOOOOOODDOOOO
ubbooboobbooboobbooboobbooboan

3. 000o0ooooo
0000000000000 00ooo0oUg relation0D 00 000O0OOOOOOO
O0000 Jaccard O O

_[vnyl
VU]

Jaccard(V, U)

oooooviODboooooobooooooIDboOoOoooud relation0 000
oooIiboooooooooooooboooobbogoobooooooooooo
000000000000000000000000000 ANDOODODOOMO

4. DO00OO0ODOODObDOoD
O0000D0DDO entitylDentity20 000 “A”0 “B"O00000000D00O0O0O
oo0“X”0O00000000DOoOo0oboDOobDOOO0g JaccardDODOOODOO
ugbbooboobbooboobboobooo

5. 0000000 relation 0O
“X?OOoooobobooobodOrelaronD D ODODOODOODLODO Jaccard OO O
gobooboobbooboobooobooboo

HO0pDDO0O00D0O00DO0000D00000000000000000000000000000000
oooo
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6. 00D00DOO0DOOODbObOODbO
O0000D0DD entitylDentity20 000 “A”0 “B"O00000C0O0O0O0ODOOO
ooooooobboooooouobpob Jaccardd 0D O0ODOOOOODODOOO
gbobobobobobob

. 0000b00obo0oooon
O0000D0DD entitylDentity20 000 “A”0 “B"O0000C0C0C0O0ODOOO
oo“xXx»pDooooboooooboooooobooooooobboooopobooobooa
ugbogboobooobooooobooboooooboobobooobobooboo
0000000000000000000000D000000000020000
ubbooboobboooboobooobuooboobobooboan

O000000000000000000000DOOpositive/negative 0000000
oooooooooOoooooooosvyMOOooOoooooooOooooDooooo
gbobobobobo4b00b000b00DO

goood

goboobooobobooboooi1obbooboobboobooobooobo
o00o0oDoOood0oobOoOo0oOoOooooOooosvMOOoooooOoOooOoooooo
oooo00ooooo0ooooo«<XP0 “A’0000 “BO00O0O0O0O00OO0OOD
goboobooooboonbooo

Y0poooD0D0000000000000000000000000000000000000000
oooooooooooooooooooooooooooobooboooooooooOoooooOobobooOoooon
goooooodooooboooooboooooooboooboooooboooooooooboOooooooan
oooooooooonowoeoooooonooooo oot oooooooooboooooooooono
goboooooobboooboodooobobodooooooobooooboooooooooooooooooooo
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3.8 00U

gboboobooobbooboobboooooobbooobooboooboooo
goood

e OO ODODLODDODOOODLOODOODLODLDOODODLODODLODOD
gobobooboooobobobooooobooooboobooooobooooooo
goo

e 000D DOOOOOOOO “give AX"OOOOOOOOOODODODOODODOD
goboobooboooboobooboooboboboobooboooobooboooobooon
bobooboobooooooooooooooooooooDo

00000000DOoDoOoooogd “A buys B” O “B is headquotered in X” 0 0 0O
O000OXOODOOoOOoOoDo (D00 “The acquisition give A an advantage in X”) O O
goooobboobooooooooooob oo oooooooon
goooooooboooooo

28



40 OO

0000000000000 0oo0o00oo0oDoU0ooUDOoUoooDUoDOoOooOO
00D0O0DOO0ODOO0OO0ODOO0O0OD0OODODOOODO English Gigaword Corpus Third Edi-
tion(LDC2007T07; EGC) D00 O00O0O0O0O0OOO0ODODODO0OO0OOOOOOOOOOOO
ooooog

4.1 English Gigaword Corpus Third Edition

English Gigaword Corpus 0 0000000000 DODOOCOOOO0O0O0OOOO00O0OO
000000000000000000000000 Linguistic Data Consortium(LDC)
00000000000000000000000300000'004.1000300
gobooobobooobooobbooboog

00000000000000 LA. TimesOOOOOODO2%0

O 4.1: English Gigaword Corpus Third Edition 0000000

o000 O0((@)|0ooo |ooDoOo0Oo (1,0000)
AFpP0O0O 98 | 1592309 466718
ApQ0O0O 145 | 2272995 849435
CNA 96 85600 21657
L.A. Times 91 295224 192650
New York Times 149 | 1655279 1188494
ooooo 143 | 1247039 249521

http:/ /www.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogld=LDC2007T07
Jo00000000000000D0000000000D0o00o0D000000o0O0ononoooO
00000oooo0o0oo0o00o0oDooo000o00oDo0o00oD LLA.TimesO 1000000
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042 00000000000
ooDoOoon | “X?000 | 00000 | positive | negative

10 10 1064 80 984

4.2 SvMOUOOOODOOO

7300 00boobooooboooobouooobobooobooooboboooboon
O0000O00oooOoooooO (SsvM)ObooooooooooosvMOOoooooo
gobodoboooboobooboobboobuoobboobooboobbooobooo
goooobooboooooog

4.2.1 0000

3.7°300 0000000000000 DODODOODpositive/negative 000000007
gboboooboooobooobooooboobooobooboob0b000Og 1000
gbobobobob 4200000000000 0D0ODODO

oooooboooooooboobooobooboooOooboooboOobooosvMagn
0000000000000 OOSVM Light*?0000000000000000000
gb200000

ec OO OOODOOODOOOODOOODODOODO

e j: positive/negative 100 0000000000000 00OOOOOOOOO [18)0
2000000000000000OO00OO00OOO0

1. J0boooobooboobobooboobobon

2. 00000000000000000 (Precision/Recall) 00 O O OPrecisiond Re-
calD0OO0OO0OOOOOODBDOO

true positive

Precision =
recision ( true positive) + (false positive)

true positive

Recall =
eea (true positive) 4 (false negative)

. 000000oooooooooooooooooooon

3http://svmlight.joachims.org/

30



4. 0000 (F,0)000000000O0U0O0O0OOOOO0UOO0OUDOOOOOOOR,
gbooooooooog

2 - Precision - Recall
F, =

Precision + Recall

00000000 j0c000000000c00040000;;000000000 ;0
gbodcbobgobobobobobogjb1bobobcbolbbbbboboOoOoOO
OooooooosvMOOoOOoOoOoOOoOoOoooooooo

4.2.2 0000

0410;000000000000004.20c000000000000%°0000

000000000000 j=60 F1=35680000 (0 41)00000j=60000
0OcO00000000c=10 F=35.680000 (0 42)00000

goboboodbj=60c=10000000000000O0O00000ODOO0O0ODODO
gobodoboooobooboobbooboobboobooboobobooboo
oggd

‘D00D0000cO00DODOOOO 1
c0D00000000DOODODOODOOOODOONDO0NDODON0NDOOOOOOONNOon
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Recall
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|=25\|=19,20

0.1 0.2 0.3 0.4 0.5
Precision

U41: 0000000000000

Recall

0.9

0.8

0.7

0.3

0.2

0.1

c=0.4~091.2,1.3,1.5~1.9

Ci

PEPEPE
LS O

T T T T T T T T T
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Precision

0 42: 00000 cOO0DOOODO
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4.3 U0O0OOOOOOOOLOOOOOOObOO0OOOoOn

gboboobooobbooboobboooooobbooobooboooboooo
gobodboooboobooobboobuoobboobooboobbooboo
gobodboooboobooobboobuoobboobooboobbooboo
gobodboooboobooobboobuoobboobooboobbooboo
gobodgbooooboobooobog

4.3.1 0O0O0OO
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gbobobobobobobobobobooboobobooboooooboooboooon
gbobobboboboboboboboboboobooob

goood

00000000000 0DODOO000O0O0000DODODOAOBOOOO “Awverdt B”O
O00O00FameNet DO OO ODO0DUOO0DO0DODOODOOODODODOODODOODOODODO
gbooobobooobooboooobuobobobooobooboboo 1oo0oobo
goooboboboboobooboboobooboboobooboboooboon
gobodboooob oooboobbooboobbloooboobbooboo
gbobobobobobobobobobbobobbooooboo43b0obD

gobogoodan

gboboobooobbooboobbooobooobobooobooboooboooo
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l. Jgobobooooobbooobboooobobboooobobobooooboobo
00000000 (bo0b0)0 1000000000000 oOO0oooOOoUoOooOO

2.0000000000000O0O0OOSDO0O0D0000DOO

. 0b0o0oboobooonooboooboobobooobooooon
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043 00000000 1000000O00D0ODOODO

oooo(@oooo) 0o oo (Lo

Attack OO0 ambush, assail, assault, attack, bomb, bombard,
(Intentionally_affect) charge, hit, fall, infiltrate, invade, jump, lay, raid, set,
storm, strike
00O airstrike, ambush, assailant, assault, attack, attacker,
fire, bombardment, bombing, charge, drive-by,
incursion, invader, infiltration, offensive, onset,
onslaught, raid, SAF, safire, small arms fire, strike

Commerce_buy 00O buy, purchase

(Getting) OO0 purchase, acquisition, procurement

Commerce_sell 00O auction, retail, sell, vend

(Giving) OO auction, retailer, sale, charity, contribution, donation,
gift

Finish_competition OO0 fold, lose, show, tie, win

(Finish_game) OO0 draw, loss, tie, victory, win

Getting 00O acquire, gain, get, obtain, procure, score, secure, win

(Event) 00 acquisition, procurement, development, event

Intentionally _create OO create, develop, establish, found, generate, make,

(Creating, produce, set up, synthesise

Intentionally_act) OO creation, development, establishment, generation,

production, synthesis, formation, issuance, act, action,
activity, actor, agent, doing, measures, move, step

Process_stop OO cease, desist, discontinue, kill, quit, shut down, stop

(Event) OO0 cessation, discontinuation, halt, shutdown,
development, event

Reveal secret OO0 admit, come forward, confess, confide, disclose, leak,

(Statement) divulge, expose, fess up, reveal, spill beans, tip hand

00O confession, divulgence, acknowledgment, admission,
affirmation, allegation, announcement, assertion, claim,
statement, comment, concession, conjecture, contention,
declaration, denial, exclamation, explanation, insistence,
mention, message, proclamation, promulgation, remark,
pronouncement, proposal, proposition, report, avowal

Supply OO0 equip, fix up, fuel, furnish, issue, outfit, provide,
(Giving) provision, supply
OO equipment, provision, supplier, supply, charity,
contribution, donation, gift

Visiting OO0 revisit, visit
(Being_located, 00 call, visit, twenty, whereabouts, act, action, activity,
Intentionally_act) agent, doing, measures, move, step
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U044 000000000000000000O0O

ogooooo C R
Attack 17| 18
Commerce_buy 15| 13
Commerce_sell 14 | 15

Finish_competition 12 6
Getting 20| 13
Intentionally _create 6| 12

Process_stop 6| 21
Reveal _secret 2| 12
Supply 6 5
Visiting 10| 31
Total 108 | 146

4. gooO0oboooboooboobooboobooboooboobooboobobooo
gobooooboooogbooobooooobooboooboobooboooboon
gobooboobooooboooboboogboooboobooobo 20000
gbobobobobobobobobobob

e C(causality): 000000000 DOOOODOOOOOODOODODO
e R(relatedness): 00 0000000000000 ODOOOOOOOOOODOO
ugbboobuogbooobaoboo

0000000100000 0O0O000oOoO0O0Ss00000500000(COODO
00)00000O00O00000O0000O0O0OO0OO00DO0ODOO00COOO0OOOOD
goboooooobgoobo 4400000000000 bO0ObDOobDOO0bObODOn
0000000 (0440000 50)000000000000 (0D 440050)00
gooo

gooooaoo

gboboobooobobooboobbooobooobooboooboobooooobooooo
gobooboooooboooooon

1. 00oobooooooooooooogn
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. udbooooocouobRrROoOoOoOoOoOoOobOOobDbOOobDbOOoDOoUODOO
ubbogoboogboooo

4. 000000000ODOOO0OO (C)UODO0DUOCOOOOUODOOOO0ObOODOOOO
(C+R)0D 00000000 Precisiond RecallDOOO0OO0OO0OOODOO

gobooboobbooboobboooboobboooboobobooobooobo
gobooboboooboboobboooboobbooboooboobbooboo
goboobooobooboobbooboobboobooboobobooboo
gobooboooobooboobobooboobbooboobboobooo

gbobooboobboobooboooboon

goboboboob
gooooboooooobobboooobboooooooobobooooooboooooooon

1. 00000000000000000 verbODODOODODDODO “Avert B’OOAD
BOOOOOOODOOOODOOOOOOOO

2. Revertb 0O OOO0DOOOOOOODOODOOOODOOOOOO

3. 0000U00OoDooOUADBOUOUOOODOOOOODODODODOOOODOD
gbobooboooboooobooboooboboobooan

0000000000000 000000000ooUooooooooO (PMHOO
goboodboooobooobooobboobuoobboobooboobobooooo
goboodboooobooobooobboobuoobboobooboobobooooo
goboodboooobooobooobboobuoobboobooboobobooooo
goo

4.3.2 0000

0450000000000000000C000O0DOO0O0O0OOOOCORODOOO
gooooooOoooooOoooooooooocorROoOOoOoOoOoOoOoOooOOOOO
O0000O0~(C+R)0000000O0OO00O0OOCOROOOOOOOODOOOODO
gboboboooon
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045 000000000000000000O00O00O0

oooooo oooo
ooooog C| R|—-(C4+R) | C| R | =7(C+R)
Attack 2 43| 5] 1 0
Commerce_buy 4| 7 29| 60 0
Commerce_sell 0] 1 14 3| 1 0
Finish_competition 21 3 58| 5| 0 0
Getting 2| 1 18] 6| 1 2
Intentionally _create | 3 | 1 18] 1] 1 4
Process_stop 0] 6 23| 1] 1 3
Reveal secret 0| 2 371 110 4
Supply 1] 3 491 1|0 4
Visiting 3| 6 38| 1] 2 2
Total 17 | 38 327 (30| 7 19

046: 0000000000000
aoad Precision | Recall Fq
O0000ooo (0) 4.45% | 15.74% | 6.94%
00000000 (C+R) 14.40% | 21.65% | 17.30%
OO00g (C) 53.57% | 27.78% | 36.59%
0000 (C+R) 66.07% | 14.57% | 23.87%

000D 00o0obobU0ooobobOog Precision0 00000 oboooooOoO
000000000000 00000000 (Commerce_buy O Finish_competition) 0 O
000000000 (Revealsecret  Supply) DO0OOODO00OODO “«C’O000000O0O
000000 (044)0000000000000O00OOO0OOOO0OOOOOOOOO
oooo0oooob «¢c>obobgoboobooob oboboooDoobobOonDon
godoooooosgoooaa
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4.4 0O0O0O0O0OOO0OOOO

gboboobooobbooboobboooooobbooobooboooboooo
gbgboboboboboboboboboboboboboboboboboboo
ooooooooOoOoO0oboOoOoOoOooOobOboOooOobDOoOoOooboooDoboOosvMOO
goboobbooobooooo

4.4.1 0000

gboooooboobooooobooboboooobooobooboooooobob
gbs0d0gogsoboboooooooooonog

goooo

gboooooobo4000000000D0000O00ODODODODLOOODODOD
gbobobobo2000000000400000D0DODODD

e C(causality): 0000000000 0OODOOODOOOOOOODO

e R(relatedness): 0000000000000 O0OOUOOOOOOOODOOOOO
gobooboobbooboobo

e ER(error in relation): 000 0000000000000 0OO0O0O0O0OOOO0O
Ooo000oo0ooooooooOo0oooooooOooXoADBOOOO
gboobooooooood

e F(false): 00 UDOODOOOOODUOODOOODOOOOOODODOOO

go
gbobobob400000000000

e Reverb+Reverb
43.1000000000000000000 “Awverb B” - “Boerb’X?’0000
O00000oo000o0DooooAOBOOODOOOOOODOOOOOO XOOO
0000000000000 000000XO00OO0O00o0o0oo00o00 “A relation
X'00O0O000000%0OReverb0 0 0000000000000 ODOOOO
0000 “A verb B> AND “A relation X” - “Boerd’ X’00 0000000000

‘000D000D00000X00000 MySQLOOOOOOODOODO000000000000
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e Reverb+SVM
Reverb+Reverb O OO0 0000000 O0OOD0OOO0OOOOOOOOOOO SVM
goooooono

e 10 00O +Reverb
O0000000000000000000000000000 ReverbOO OO
ooooag

e JOOO4+SVM
SsvMOOOOOOOoOOoOooOOooooooooooouooooooo

gbobob400000000000O000O0O0OOODODDOOOOOODOODOOD
gbooboobooooboboboooobooboooboobobooooboboooobon
ReverbO0OOOUOOOOOOODODOOOOODOOOODOOOODODODOOOODO
gboboooooboboboobooboboobooboboobooo4b00bOobOon
gbobobobobobobooobobooooooboobooooobobooooooon
gbobobobobobobooobobooooooboobooooobobooooooon
gbobobobobobo

4.4.2 0000

0470000 A0000O0OO0 480000 BOOOOOODO 490 200000
000000000 Accuracy(C)0 000000000 O0OOC(causality) DO00OO0
0000 Accuracy(C+R) 0 CODO O R(relatedness) 00 0000000000000
o0oDoOooOoOoooooooSvMOOoOooDoOooOoOooOoOooogooooooooo
SVvMOOOOOOO0O0OO0D0OO00D0O0OO00000D00000ReverbO00OO0ODOOO
goboobooobooboonboobo

0000000000000 00O0 ERUO0O0D)0000o0ooooooooo
goboobooooooobbooboobbooboonbobo

DDDCohenDDDDDD7[6]DDDDDDDDn:O.OQSQDDDDSD

"2000000000000000000
800000 “Slight agreement”(00000)0000000
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047000 A000DO0O

00 C| R|ER | F | Accuracy(C) | Accuracy(C+R)
Reverb+Reverb 1119] 3110 1.96% 39.22%
Reverb+SVM 3119 2811 5.88% 43.14%
OO0O00+Reverb | 19| 14| 15| 8 33.93% 58.93%
Ooo0o00+SVM 23 11| 16| 6 41.07% 60.71%
048 000 BOOOOO
oo C| R|ER | F | Accuracy(C) | Accuracy(C+R)
Reverb+Reverb | 16 | 14 | 10 | 11 31.37% 58.82%
Reverb+SVM 918 12|12 17.65% 52.94%
OO00ODO0+Reverb | 14 | 20 | 12| 10 25.00% 60.71%
O0O00O+SVM 19 | 18 9110 33.93% 66.07%

049 20000000

oo Accuracy(C) | Accuracy(C+R)
Reverb+Reverb 16.67% 49.02%
Reverb+SVM 11.76% 48.04%
0000 4Reverb 29.46% 59.82%
oogo+SvM 37.50% 63.39%
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0410 0000000000

googoon #Document | DO OO0
Attack 82214 234
Commerce_buy 7190 69
Commerce_sell 8710 30
Finish_competition 35033 268
Getting 14706 55
Intentionally _create 105806 236
Process_stop 18060 43
Reveal _secret 43281 57
Supply 24316 23
Visiting 23252 89
Total 362568 1104

4.5 U0O0O0O0O0OOOODLOODOOOOOOO

gboboo20b00000b00boobooboooobboboboooboobnoon
gboooboooooobooobooboobb430000b000b00bOoOoDoOn
gobodgbooobooboobbooboaobd

U

04100000000000000000C00O0DOCO0OODO0O “4Document” 00O
gogboogbbogboobboobboooboobboboobuoobbooboo
gogboodgbbooboobbuoobobuoobboobooobuoobbooboo
goboogbooon

04110000000000000000000
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0 411: 000000000000 00O0O0

gooooo

ugooon

Attack

(A attack B)
= The raid killed NUMBER people

Commerce_buy

(A buy B) AND (B have office in X1)

= The acquisition would expand A ’s subscriber base in X1

Commerce_sell

(A, sell, B)
= The sale would bring a profit of MONEY

Finish_competition

(A, win, B) AND (X1 be nominate for B)

= victory did not demonstrate a wave of X1

Getting

(A, acquire, B)
= The acquisition should push A ’s revenues past MONEY

Intentionally _create

(A, find, B) AND (B, be a catalyst for, X1)

= The move focused attention on X1

Process_stop

(A stop B) AND (B be a country in X1)
= the action would have effect on X1

Reveal_secret

(A, leak, B)
= the report intensified the debate on A

Supply (A, provision, B) AND (B, be a program fund by, X1)
= a provision would limit grants to X1
Visiting (A, visit, B)

= The visit will kick off a campaign by A
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5.1 UO0OO0OO0ODOOO0OO

goboboboboboboboboboboboboboboboboboboo
gboboboboboboboboboboboboob

5.1.1 0O00O00Oo0Oooon

gbbobobobobobobobobobobooboooooooooooooon
O00000D000000000 (Precision) 0000000000 O00O0OOOOO

gboooboboboobooooboboobuoobobooobooboboobo
goooboobobooboobooboobobooboobobooboobooboobnon
0000000000 O00oo0dno “Abuys B’0000000O0O0OOOCOOOOO0O
000 “The acquisition” 00D 00000 DO0OO0O0OODOOOODOO0ODOODODO
goooboobooobooboboobobboobooboboobobooboobnon
gobodbooooboobooboboobuoobboobooboobobooboo
oboboobodooobobuobbodbooboboboobooouobon “acquisition”
000000000000 0O000O0000oO0O0oUoODOOoUooOO BUuooooo
goboooobooboooboobboooobbooboooboobboonboo
ooooobooooobooboobooboobooboonog “puy” “give’ DOODODO
gobodbooooboobooboboobuoobboobooboobobooboo
gobodbooooboobooboboobuoobboobooboobobooboo
gobodbooooboobooboboobuoobboobooboobobooboo
goboobboooboobbooboobobooboonobg
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5.1.2 0J0O0OO0OO0ODOO0O

000000000000 0000 X0 AOBOOODOODODODODODOODOOOOO
0000000oooooooooo000ooooooooooon 60%00000
oo0ooooooooooo

0000000000000 00000 XO00OO00o0Doooooooooooooo
“Nevada” OO0 000000000 O0DOOOOCODOODOOOOO0O “market” 00000
0000000000 00oo00oo0oooooo0o0O0 A0BODOOODOOODOOOO
00 X0O “carmarket” OO0 000000000000 “Bworkson X?O00OO0OOO0O
000000000000 00XO0OO0 “‘market” 00000000000 0OODOODO
000000ooo0oooooooooooooood

goooooobOoobOoooooosvMOooooooDooooooooooooo
0000000000 *workson” OO O0OD0OD0OOOOODODOOOOOOODOOODO
00000000000 0o0ooo0ooooXoooooooooooooooooo
oooooooooooog

5.1.3 0O0O0OO0OOOO0O

FrameNet U0 000000000000 000O0O00O0OOO0ODO0OODOODOO
goobooooooooooooboOoooooOooobOobDObO0obO0 win”OOOOO
000000 “Finish_-competition” D000 “lose” 00000 OO0O0DOOOOODOO
OO00D0OO0O00D0O0O0 “ese”D000D00ODOOODODOOO “Finish_competition” O
00000 “victory” OOOD0ODODO “lose” O “victory” OOO0DOOOOO0ODOOOOODOO
goooaoo

UO000OFrameNet DO 0O DOO0O0OO0ODOOO0OOOO0DOOODOO0ODOOODOODODO
OO0OWordNetUO OO ODODOOOOOOODODOOOOOOODDOOOOOOOODO
gbboobuoobobboobuoobobboboobobobobobooboobobn
goboodgbooobooobbooobooan
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5.1.4 0OU00OO0OOOOOOOODODO

gboboobooobboooooboboooooboooobooobooooobooooo
O00000000000000000000000000Recal)DO0OOOOOOO

000000000000002000000000 “t” 00 “the company” O OO
goboodbooooboobooobboobuooboboobooboobbooooo
goboooboboobooboboobboooboobbooooboobobooonooo
gobooooonbooo

gbobodbooooboooboobooboooobooobobooooobooaoboobooonoo
goboodboooboboobooobboobuoobboobooboobobooooo
goboodboooboboobooobboobuoobboobooboobobooooo
goboobooobooboobooobboobooboobboobooonboo

5.2 UU0ooood

gboboobooobboobooobbooobooobooooboobooooboooo
gobodoboooboobooboobboobuoobboobooboobbooobooo
goboooboooobooboooboooboooboobboobuooboobon

The acquisition was held Friday, April 7, 2006...”

gboboboboboboboboboobooobooboboooboobobooooooon
gbobobobobobobobo

The acquisition reflects ...”

gobodoboooobooboobbooboobboobooboobobooboo
gobodoboooobooboobbooboobboobooboobobooboo
gobodoboooobooboobbooboobboobooboobobooboo
gobodoboooobooboobbooboobboobooboobobooboo
goboobobooboobobooboboooobbooboooboobbooboo
gobooboogooboo

"http://nlp.stanford.edu/software/dcoref.shtml
‘0000000000000 CoNLL Shared Task 00000000 F, 00000 50%00000
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5.3 UUOOLOOOOOOoOooOobobOn

gboboobooobbooboobboooooobbooobooboooboooo
gobodboooboobooobboobuoobboobooboobbooboo
gbobooboobooboboboobobobobuoobobobooboooboboobooan
gobodobooobooboooobooboaobobdg

gboboobooobbooboobboooooobbooobooboooboooo
goog

The acquisition gives A operations in X” = get_operations_in(A, X)

gobooboooobooboboooboo1l1ooboobobooboobbooobooo
goboobooooboobooobbooboobbooboobbon

gives a f = get(a, )

gooooooobgoobooboboboobboobbooobooboobooboon
goboooboobooooboboooobooooboboooooobobooooo
gbobobobobobobooboboobooboobobobooooboboboobooon
gooobgo
gboboboboboboboboobooobooobooooooooooooooooon
gbobobobobobobobooooobooboobobooobooboobooon

54 UUOUOOOOOO

gbobooboogobbooboooboboooobooobooboooobooobooooboooo
goboobooobooboobooobboobuoobboobooboobbooobooo
gobooboooboooboobooon

A buys B. The deal will increase....

U0 “deal” D0000DOO0O0OODOOOOODOOOODDOOOODOOOOD
ooboooboooooooboboobbo0oooooDooobOOn FrameNet DO O DO
gbobobobobobobooboboobooboobobobooooboboboobooon
gboboboboboboboboboboboslobooooooooooo

gbobobobobooboboboboboboboboboboboboboo
goboobogoooboobooboboooboooboobobooboboobboooboobooo
gobooobooobboooboboooobooobooboooboooobooobobooobobobo
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5. UOOOO0O0O

ogoooOoOoOOOODOO0000O0OO0OOOODOOOOOOODOOODOOOOO «A
verb B 000000000 0O0ODOOODOOOO0OOOOOLOOODOODOOOODLO
gooobgo

Michael Jackson died. The death causes ...

O0OD0O0OO0O“Awvert” 0D0D0000O0ODODDODODDODOOOCOODOOOOOOOOOOO
goboodboooooboooboooboobooooonon

Japan took part in World War 1. The participation causes...

gboobobobobobooobooooboooooooobooon

gobobobobobobobobobobobobobob10bbboboboob
gbobobobob 2000000000000 0000000000000000
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