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Joint Semantic Role Labeling and Coreference Resolution
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Abstract; Semantic Role Labeling (SRL) and Coreference Resolution(CR) play important role in natural language
processing applications. In this paper, we propose 8 rules to jointly learn and inference two tasks using markov logic
network. Experimental results on OntoNote5. 0 show that joint learning with markov logic network significantly im-
prove 1. 6 points in term of F score both on SRL and CR towards single systems.

Key words: semantic role labeling; coreference resolution; markov logic network

understood .

1 3 “It” 1
“this situation”, , 3 “Tt”
s “ARGO”, “Tt” “this sit-
. , uation” ,  “this situation”
, , , “It” “ARG1”
el o
) .
. OntoNote (MLN)  Richardson
Domingos'" ,
1. Because [ I ]arco know [this situation Jagc: . s N
2. Right, like those whom we interviewed just )
now . )
3. [ It ]arc: was easy to handle once everyone s s
: 2013-07-15 : 2013-09-15
863 (2011AA01A207)
(1985—), s R ; (1966—), .

; 1972—>, s

o



59

o b
3
4 ;
2
b
b
b
b b
b
b
(formula)
b
O (predicate)
m; m,;
(m;sm;) ,

(hidden predicates) ,

(observed predicates) ,

headMatch(m; ,m;)

o

(formula)

o

1.

[8]

6 F

: coref

(first-order logic formu-

lae) o s
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b
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coref,
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b

Markov the-

pre; voice(1) :

subCategory(i,sub) :
phraseType(i,pt) :
predicatel.emma(i, pD) .
pathLen(i,plen) :

missSub(i) :

aj

headWord(j,hw) ;
headPos(j,hp) :
firstWord(j,fw) ;
firstPOS(j,1p) :
lastWord(j,Iw) :

@ http://alchemy. cs. washington. edu/
@  http://code. google. com/p/thebeast/



lastPOS(j,1p) :
prevWord(j,pw) :
nextWord(j,nw) .
prevIwoWord(j, ptw) :
nextTwoWord(j,ntw) ;
leftSister(j,ls) :
rightSister(j,rs) :
leftSisterHeadWord(j,lshw) .
leftSisterHeadPos(j,lshp) :
rightSisterHeadWord(j,rshw) :
rightSisterHeadPos(j,rshp) :
parent(j,pa) :
parentHeadWord(j, phw) ;
parentHead POS(j, php) :

ppParentHW (j.pphw) .
ppnpHW(, ppnphw) : s NP
ppnpHP(j. ppnphp) : ) NP

prevPred(j,prep) :
nextPred(j,nextp) ;

pre; a;

cand(i,j) :

partialPath(i,j,ppath) :

projectPath(i,j, prop) : VP
path(i,j,path) ;

position(i,]) :

role(pre,sa, sr1) N crole(r)) N\ a; #a,

3.2 = Trole(presay sry) N\ unique(ry) 7
rrole  crole .
) R-ARGO~R-ARG5 C-ARGO~C-ARGS5,
, s 3.2.2
[6] R ,
3.2.1 ,
role(pre,a,r) N ri7Zr,= " role(pre,a,r,) (4) coref(i,j)=>"coref(k,j),Yi, k<j(i#Fk) (8
ARGO~ ARG5 )
o , , 3 157
role(pre,a,r,) N unique(r) \ a;#a, k , coref(iy, j)  coref(i,
= role(presa, sr) (5) k), jk s
unique (r) s iyj.k ,
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coref(i,j) Ncoref(k,j) Ni<<k<j=(i,k) D)

coref(i,k) Ncoref(i,j) Ni<k<j=(k,;) (10)

coref(i k) Ncoref(k,j) Ni<<k<j=(i,j) (1D
3.2.3

b

coref(ay a,) Nrole(pre,a, .r+)=>(pre,a, ,r+)
(12)

b

coref(a,ya,) N cand (pre,a,;) N cand (pre,a,) N

ARGO ARG1 )
coref(a, ya;) N\ cand(pre,a,) N\ cand(pre.a,) N\
voice(pre,v, +) N\ voice(pre,v, +) N\

role(pre.a, sr+)=role( pre.a, ,r+) (14
coref(a, ya;) \cand(pre,a,) N\ cand(pre,a,) N\
position(pre.a, o, ) N position(pre.as 0, +) N
role(pre,a, sr+)=role(pre,a, ,r+) (15)
coref(a, ya;) N\ cand(pre,a,) N\ cand(pre.a,) N\
voice(pre,v, +) N\ voice(pre,v, +) N\
position(pre,a, so, ) N\ position(pre.a, s0, +) N\
role(pre,a, sr+)=>role(pre,a, ,r+) (16)

b b

role(pre, sa, ,r+) N\ prevPred (pre, sa;) N\
role(pre; sa, sv) N\ prevPred (pre, ,a;)
=coref(a; sas) a7
role(pre, sa, »r+) NnextPred (pre,,a;) N\
role(pre; sa, sv) \nextPr ed (pre; a,)

role(pre.a, sr+)=>(pre,a, ,r+) (13) =>coref(a; a;) (18)
2

cand(i,j) A voice(i)=>role(i,j,r)

cand(i,j) A subCategory(i,sub—+)=>role(i,j,r)

cand(i,j) A phraseType(i,pt+)=role(i,j,r)

cand(i,j) A predicateLemma(i, pl+)=>role(i,j,r)

cand(i,}) A pathLen(i,plen+)=role(i,j,1)

cand(i,j) A headWord(j,hw+)=>role(i,j,r)

cand(i,j) A headPos(j,hp+)=role(i,j,r)

cand(i,j)) A rstWord(j,fw—+)=role(i,j,r)

cand(i,j) A rstPOS(j,{p+)=role(i,j,r)

cand(i,)) A lastWord(j,lw+)=>role(i,j,r)

cand(i,j) A lastPOS(.lp+)=role(i,j,1)

cand(i,j) A prevWord(j,pw+)=role(i,j,r)

cand(i,j) A nextWord(j,nw-+)=>role(i,j,r)

cand(i,j) A prevIwoWord(j,ptw+)=role(i,j,r)

cand(i,}) A nextTwoWord(j,ntw—+)=>role(i,j,r)

cand(i,j) A leftSister(j,ls+)=role(i,j,r)

cand(i,j) A rightSister(j,rs+)=>role(i,j,r)

cand(i,}) A leftSisterHeadWord(j,lshw+)=>role(i,j,r)

cand(i,j) A leftSisterHeadPos(j,lshp+)=role(i,j,r)

cand(i,j) A rightSisterHeadWord(j,rshw+)=>role(i,j,r)

cand(i,j) A rightSisterHeadPos(j,rshp+)=role(i,j,r)

cand(i,j) A parent(j,pa+)=role(i,j,r)

A

cand(i,}) parentHeadWord(j, phw+)=>role(i,j,r)
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cand(i,j) A parentHeadPOS(j,php+)=>role(i,j,r)
cand(i,}) A ppParentHeadWord(j,pphw—+)=>role(i,j,r)
cand(i,j) A ppnpHeadWord(j,ppnphw+)=>role(i,j,r)
cand(i,j) A ppnpHeadPOS(j, ppnphp+)=role(i,j,r)
cand(i,j) A partialPath(i,j,ppath+)=role(i,j,r)
cand(i,j) A projectPath(i,j,prop+)=role(i,j,r)
cand(i,j) A path(i,j,path+)=>role(i,j,r)
cand(i,j) A position(i,j)=role(i,j,r)
cand(i,j) A predicateLemma(i,pl+) A path(i,j,path+)=role(i,j,r)
cand(i,j) A predicateLemma(i,pl+) A headWord(j,hw-+)=>role(i,j,r)
cand(i,j) A predicateLemma(i,pl+) A phraseType(i,pt+)=>role(i,j,r)
cand(i,j) A voice(i) A position(i,j)=>role(i,j,r)
cand(i,j) A predicateLemma(i,pl+) A ppParentHeadWord(j,pphw-+)=role(i,j,r)
cand(i,j) A missSub(i) A path(i,j,path+)=role(i,j,r)
3
m;

type(i,t) .

(NAM), (PRO), (NOM)

entity Type(i,e) ; : Person, ORG, LOC

gdType(i, g): :MALE. FEMALE. NEUTRAL., UNKNOWN
numType(i,n) . :SINGULAR., PLURAL, UNKNOWN
hasHed(i,h) :

firstMention(i) :

relexive(1) ;

possessive(i) ;

de nite(i)

inde nite(i) ;

demonstrative(i) ;

m;

m J

mentionDist(i,j,m) :

sentenceDist(i,j,s) :

bothMath(i,j,b): : YES, NO, UNKNOWN
strMatch(i,j) :

pronounStrMatch(i,}) :

nopronounStrMatch(i,j) :

properStrMatch(i.j) :
subStrMatch(i,j) :
headMatch(i,}) ;

animacyMatch(i,) :

nested(i,]

)

sameSpeaker(i,j) :
subStrMatch(i,j) :

alias(i,])) :

entity TypeMatch(i,j) .
rstRunMatch(i,j) :
oneSent(i,j) ;
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role(presa; sr+) Nrole(pre,a, sr+) N\ )

oneSent(a, ya,)=>coref(a, ya,) (19 s

type(i, t1+) type(j,t2+) strMatch(i,j) A i#j=coref(i,})

type(i, t1+) type(j,t2+) pronounStrMatch(i,j) A i7j=corel(i,]j)

A
A

type(i.tl+) A type(j.t2+) properStrMatch(i,j) A i7#j=coref(i,j)
type(i,t1+) A
A

type(i, t1+) type(j,t2+)

A
A
A
type(j,t2+) A nopronounStrMatch(i,j) A i#j=coref(i,]))
A headMatch(i,j) A i#j=coref(i,})
A

type(i,t1+) A type(j,t2+) subStrMatch(i,j) A i#j=coref(i,j)

head(i,hl+) A head(j,h2+) A i#j=corel(i,})

type(i,t1+) A type(j,t2+) A gdType(i,gl+) A gdType(i,g2+) A i#j=coref(i,j)
type(i.tl+) A type(j,t2+) A numType(i,nl+) A numType(i,n2+) A i#j=coref(i,j)
type(i,t1+) A type(j.t2+) A bothMatch(i,j.b+) A i#j=coref(i,})

type(i.tl+) A type(j,t2+) A animacy(i.j) A i#j=coref(i,j)

type(i,t1+) A type(j.t2+) A nested(i,j) A i#j=corel(i,j)

(type(i, t1+) V type(j.t2+)) A i7j=coref(i,})

(reexive(i) V reexive(j)) A i#j=>coref(i,])

(possessive(i) V possessive(j)) A i#j=coref(i,j)

(definite(i) V de nite(j)) A i7=j=coref(i,])

(indefinite(i) V inde nite(j)) A i%j=coref(i,j)

(demonstrative(i) V demonstrative(j)) A i7=j=corel(i,})

type(i,t1+) A type(j,t2+) A menDist(i,j.ml+) A i7j=coref(i,j)
type(i,t1+) A type(j.t2+) A sentDist(i,j,s+) A iZj=coref(i,j)
(firstMention(i) V firstMention(j)) A i7j=>coref(i,})

type(i.tl+) A type(j,t2+) A alias(i,j) A numType(i,n2+) A iz=j=coref(i,j)
type(i,t1+) A type(j.t2+) A sameSpeaker(i,j) N i#j=>coref(i,})
type(i,t1-+) A type(j,t2+) A entityTypeMatch(i,j) A i#j=coref(i,})
(entityType(i,el+) V entityType(j,e2+)) A i#j=corel(i,]))
firstRunMatch(i,j)=>coref(i,j)

4 F H
CoNLI-2012 MUC™!, BCUB™
4.1 BLANCH MUC, BCUB
PropBank!" CEAFE Ave
OntoN thebeast®
’ ntolNote
. CoNLIL-20121 '
1) 10 ’

° @ http://code. google. com/p/thebeast/

', CEAF*",

[23]



6 65
CoNLI-2012 ,
4.2 )
CoNLIL-2012 18]
4.2.1 F 70.13%,
, Assert®
(4).(5).(6) thebeast , OntoNote
) 5 , .
Che el Onto-Note3. 0
, F
84.36%., .
T 4,.2.2
/Y% /% /% , Standford-
86.82 | 85.53 | 86.17 CoreNLP® s
Che 84. 36 4 (8).(9)
thebeast , 6
99.92 99. 10 99.51 5
74.12 72.58 73. 34
, sysl N
Pradhan  [%] 81.47 | 61.56 | 70.13 L5ys2
99.95 | 98.09 | 99.01 . Sys3 sysl
,sysd sys2
6
(P.R.F)/ %% MUC/%  BCUB/% CEAFM/% CEAFE/% BLANC/%  Avg/%
sysl 78.5 73.9 76.1 66.79 70.17 59. 42 47.08 75.56 61.35
sys2 75.3 72.2 73.7 64 68.97 57.67 45. 38 74.78 59.45
sys3 79.1 75.2 77.1 67.91 70.7 60. 3 47.95 75.79 62.19
sysd 76.0 73.5 74.7 65.17 69.5 58.53 46.19 75.01 60. 29
6 0.8 .
] INZ °
,  Prahan (sl | )
, Standford-CoreNLP ,
) , MUC, BCUB, ) (
CEAFE 59.45%  CoNLL- )
2012 63.37 %" 4 ;
fsl i

Standford-CoreNLP
CoNLL-2011

CoNLIL-2012

o

60. 29 %

2011

Standford-CoreNLP

@ http://cemantix. org/assert. html

@  http://www-nlp. stanford. edu/software/corenlp. shtml



66 2013
o sysd: (17)~(18),
4.3
o sysh: (19,
, 8 * 5ys6: (12)~(16),
, 5 . o sysT: (17)~(19),
3 . , e sys8: o
, , e goldl: sysb
, o
, e gold?2: sys7
0 gold1 gold? ,
o sysl: (12), R 7
* s5ys2: (13, o
* 5ys3: (14)~(16),
7 4.3 goldl gold2
SRL
/% MUC/% BCUB/% CEAFM/% CEAFE/% BLANC/ % Avg/ % F /%
goldl 75. 67
gold?2 77. 36 68. 98 72.12 62.13 48.93 77. 84 63. 34
7 ,
75.67%, 5 s
73.34% 2.3% F . ARGO, ARGI
, ARGM, TMP ,
CoNLIL-2012 o s 2+
63.34%,
s o
0 8
[1-2] . , s 8 3
8 4.3
SRL
/% MUC/% BCUB/ % CEAFM/% CEAFE/% BLANC/% Avg/ % F /%
sysl 74.72 65.17 69.5 58.53 46. 19 75.01 60. 28 73.85
sys2 74.72 65.17 69.5 58.53 46. 19 75.01 60. 28 74.17
sys3 74.72 65.17 69.5 58.53 46.19 75.01 60. 28 74.32
sysd 75.56 66. 33 70. 22 59. 56 47 75.76 61.18 73.34
SYS$O 75.31 65.99 70.01 59. 25 46. 77 75.61 60. 92 73.34
sys6 74.72 65.17 69.5 58.53 46.19 75.01 60. 28 74.51
sys7 75.89 66. 84 70.58 60. 01 47.33 76.05 61.58 73.34
sys8 76.15 67.17 70.79 60. 31 47.65 76.23 61. 85 74.99
8 coref . sys8
8 )

role



67

1.2 ,
1. 65 ; ,
74.99%,
75.67%, ,
61.85%.,
63.34%.,
CoNLI1-2012 ,
5
, 8

o

OntoNote5. 0 CoNLIL-
2012 s

[1] Simone Paolo Ponzetto and Michael Strube. Exploiting
semantic role labeling., wordnet and Wikipedia for
coreference resolution [ C]//Proceedings of the Main

Conference on Human lLanguage Technology Confer-

[2]

(3]

[4]

(5]

[6]

7]

(8]

9]

[10]

[11]

ence of the North American Chapter of the Association
Sydney, Australia:

ACL Publication Chairs, 2006; 192-199.

of Computational Linguistics.
Fang Kong, GuoDong Zhou, and Qiaoming Zhu. Em-
ploying the centering theory in pronoun resolution from
the semantic perspective[ C]//Proceedings of the 2009
Conference on Empirical Methods in Natural Language
Processing.  Singapore: ACL Publication Chairs,
2006: 987-996.

Eduard Hovy, Mitchell Marcus, Martha Palmer, et
al. Ontonotes: the 90% solution[ C]//Proceedings of
the Human Language Technology Conference of the
NAACL, Companion Volume: Short Papers. Sydney,
Australia: ACL Publication Chairs, 2006 57-60.
Matthew Richardson and Pedro Domingos. Markov
logic networks[J]. Machine learning, 2006, 62(1):
107-136.

Hoifung Poon and Pedro Domingos. Joint unsuper-
vised coreference resolution with markov logic[ C]//
Proceedings of the Conference on Empirical Methods in
Natural Language Processing. Waikiki,
Hawaii: EMNLP Publication Chairs, 2008: 650-659.

Yang Song, Jing Jiang, Wayne Xin Zhao, et al. Joint

Honolulu,

learning for coreference resolution with markov logic
[C]//Proceedings of the 2012 Joint Conference on Em-
pirical Methods in Natural Language Processing and
Computational Natural Language Learning. Jeju Is-
land, Korea: EMNLP Publication Chairs. 2012 1245~
1254.

Wanxiang Che and Ting Liu. Jointly modeling wsd and
srl with markov logic[ C]//Proceedings of the 23rd In-
ternational Conference on Computational Linguistics
(Coling 2010). China;
Chairs, 2010: 161-169.

Beijing . Coling Publication
Kristina Toutanova, Aria Haghighi. and Christopher
D Manning. A global joint model for semantic role la-
beling[ J]. Computational Linguistics, 2008, 34 (2):
161-191.

Xiaogiang LLuo, Abe Ittycheriah, Hongyan Jing, et al.
A mention synchronous coreference resolution algo-
rithm based on the bell tree[ C]//Proceedings of the
42 Meeting of the Association for Computational Lin-
guistics (ACL’04). Barcelona, Spain: ACL Publica-
tion Chairs, 2006. 135-142.

Daniel Gildea and Daniel Jurafsky. Automatic labeling
of semantic roles [ J]. Computational Linguistics.
2002, 28(3): 245-288.

Mihai Surdeanu, Sanda Harabagiu, John Williams,
and Paul Aarseth. Using predicate-argument struc-
tures for information extraction[ C|//Proceedings of

the 41st Annual Meeting on Association for Computa-



68

2013

(12]

[13]

[14]

[15]

[16]

[17]

(18]

tional Linguistics-Volume 1. Sapporo, Japan: ACL
Publication Chairs, 2003; 8-15.
Sameer Pradhan, Wayne Ward, Kadri Hacioglu, et
al. Shallow semantic parsing using support vector
machines[ C]//Proceedings of HLT/NAACL. Bos-
ton, USA: NAACL Publication Chairs, 2004 233.
[l . 2007,18(3) ; 565-573.
Wee Meng Soon, Hwee Tou Ng, and Daniel Chung
Yong Lim. A machine learning approach to corefer-
ence resolution of noun phrases[]J]. Computational
linguistics. 2001, 27(4) . 521-544.
Vincent Ng and Claire Cardie. Improving machine
learning approaches to coreference resolution[ C]J//
Proceedings of 40th Annual Meeting of the Associa-
tion for Computational Philadelphia,
Pennsylvania, USA: ACL Publication Chairs, 2002
104-111.
Emili Sapena, Lluis Padrdo, and Jordi Turmo. Re-

Linguistics.

laxcor participation in conll shared task on coreference
resolution[ C]//Proceedings of the 15th Conference
on Computational Natural Language Learning:
Shared Task. Portland, Oregon. USA:. ACL Publi-
cation Chairs, 2011 35-39.

Martha Palmer, Daniel Gildea, and Paul Kingsbury.
The proposition bank: An annotated corpus of se-
mantic role[ J]. Computational Linguistics. 2005, 31
(1) 71-106.
Sameer Pradhan,
Xue, et al. Conll-2012 shared task: Modeling multi-

lingual unrestricted coreference in ontonotes [ C]//

Alessandro Moschitti, Nianwen

[19]

[20]

[21]

[22]

[23]

[24]

Joint Conference on EMNLP and CoNLL-Shared
Task. Jeju Island, Korea: ACL Publication Chairs,
2012, 1-40.

Marc Vilain, John Burger, John Aberdeen, et al. A
model theoretic coreference scoring scheme[ C]//Pro-
ceedings of the 6th conference on Message under-
standing. MIT, Cambridge, Massachusetts, USA,
Proceedings. Morgan Kaufmann Publisher, 1995:
45-52.

Amit Bagga and Breck Baldwin. Algorithms for sco-
ring coreference chains[ C]//The first international
conference on language resources and evaluation
workshop on linguistics coreference. Granada, Spain:
LREC Publication Chairs,1998: 563-566.

Xiaogiang Luo. On coreference resolution perform-
ance metrics [ C|//Proceedings of the conference on
Human Language Technology and Empirical Methods
in Natural Language Processing. Michigan. USA.
ACL Publication Chairs, 2005. 25-32.

Marta Recasens and Eduard Hovy. Blanc: Implemen-
ting the rand index for coreference evaluation[]].
Natural Language Engineering. 2011, 17(4): 485.
Michael Collins
reranking for natural language parsing[J]. Computa-
tional Linguistics. 2005, 31(1): 25-70.

Eraldo Fernandes, et al. Latent structure perceptron

and Terry Koo. Discriminative

with feature induction for unrestricted coreference
resolution [ C]//Joint Conference on EMNLP and
CoNLIL-Shared Task. Jeju Island, Korea: ACL Pub-
lication Chairs, 2012, 41-48.



