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Corpus based coreference resolution for Farsi text

Zeinab Rahimi” & Shadi Hossein Nejad
Research Center for Development of Advanced Technology (RCDAT),
Speech and natural language processing department, Tehran, [ran

Abstract

"Coreference resolution" or "finding all expressions that refer to the same entity" in a text, is one of the
important requirements in natural language processing. Two words are coreference when both refer to a
single entity in the text or the real world. So the main task of coreference resolution systems is to identify
terms that refer to a unique entity. A coreference resolution tool could be used in many natural language
processing tasks such as machine translation, automatic text summarization, question answering, and
information extraction systems. Adding coreference information can increase the power of natural language
processing systems.

The coreference resolution can be done through different ways. These methods include heuristic rule-
based methods and supervised/unsupervised machine learning methods. Corpus based and machine
learning based methods are widely used in coreference resolution task in recent years and has led to a good
performance. For using such these methods, there is a need for manually labeled corpus with sufficient size.
For Persian language, before this research, there exists no such corpus. One of the important targets here,
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was producing a through corpus that can be used in coreference resolution task and other associated fields
in linguistics and computational linguistics.

In this coreference resolution research, a corpus of coreference tagged phrases has been generated
(manually annotated) that has about one million words. It also has named entity recognition (NER) tags.
Named entity labels in this corpus include 7 labels and in coreference task, all noun phrases, pronouns and
named entities have been tagged. Using this corpus, a coreference tool was created using a vector space
machine, with precision of about 60% on golden test data.

As mentioned before, this article presents the procedure for producing a coreference resolution tool. This
tool is produced by machine learning method and is based on the tagged corpus of 900 thousand tokens. In
the production of the system, several different features and tools have been used, each of which has an effect
on the accuracy of the whole tool. Increasing the number of features, especially semantic features, can be
effective in improving results. Currently, according to the sources available in the Persian language, there
are no suitable syntactic and semantic tools, and this research suffers from this perspective.

The coreference tagged corpus produced in this study is more than 500 times bigger than the previous
Persian language corpora and at the same time it is quite comparable to the prominent ACE and Ontonotes
corpora.

The system produced has an f-measure of nearly 60 according to the CoNLL standard criterion.
However, other limited studies conducted in Farsi have provided different accuracy from 40 to 90%, which
is not comparable to the present study, because the accuracy of these studies has not been measured with
standard criterion in the coreference resolution field.

Keywords: Automatic coreference resolution, Anaphora resolution, mention.
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(Table-1): Comparison of coreferenced word corpora
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40K English MUC-7 [7]
960 K English
500 K Arabic ACE [9]
615K Chinese
1.6 M English
300K Arabic | Ontonotes [20]
950 K Chinese

B b)) S E o oS -Y-)-)
ol Gz (Bagh Egdse o) 0L o S er e
@ L el oad axgs o @ 3l Lo aux o L aS
golz g adlbplojle jsbas (ol 5l Gy (B iy Mol
B 0l 8 ez e eodlo bl adg gl (2
0,50 &lp OBl B ol o W s S o jge
2 )lse sl onld wdgi sgamme s D500 22 ene

dloads adgi o, B b y0 a5 aiiie Sl s

PCAC-2008" o Sy -Y-1-1-)

o)i..) )‘ 4\.._9).?).: u.a.A A\l JAL.J S 6‘4‘25,0..790 ojiu U"“
o YoV ol g0 00 5 Sa05 ol 0 &8 (B0 0
aQ by).c Sledl A gy J18] <ol oo RS
b by 3lon o )8l )l )0 e gy
Siloadds 5 509> Gy 5 S Sdle doz 5 (92
inlesT sl eadoslitul o S vl Caal o JS0g5
5l Bl S 4 45 ) Dby iy 51 [1] wlels

J10] sl ous aislus 006 78 )b dxio Gy plaS

Y sl 0,8y —Y-1-1-Y
S il Aty e olriy 5l Slasgere (i) 0 S
Ol 55 ez e ool Shile & cel (B2 050 |
sbonlr aex o e Gl el sad asie
ST L 5 el L3l glane a8l ool s
MWL aS (69,90 €l 00l o diey (pl 50 (6 ks
als oylil axly Cosgmae S 4 Wleads  aie
o5 5l il 0 Sl Gz A i
Sl glls Sledbl #l sl alax 515 by Gosle
211 el

(B Oby yd d9zee (BB x> 4 azg b
e L PR B TS L EU e

I PCAC-2008 Persian Coreferentially Annotated Corpus
2 Lotus

Y et skl YAl Jlo

O

ghe 2 e ufez e sleable Grimes 5 (S
35 o)l 0l 50 dsz e u S ez e gleaibls 5 Sl
@ ez eed OB5ls 08 pae S )0 WNadioe (SByre
ooltl 9550 o o8l ooz i 5o 5 hnogi oS 5k
bl @b 5 byl & my e Sebe S
Ghugezr il A 0 g ol plaidl oo Sa e

DD wipleS s 9500 S g 09 se alll s

oudiplxil s, (5 900 Y

oo gi (sbe Sy 2 (5950 1!
sleaibels odgs ;o o,Sos, i e 1+ ans
My hles Gedtle 55050k S Bs, Cro & o T @z o
uld; anle alisee slacls, Ll (pl o canl oo S
o sly mSaz e g9090 L CoNLL 4 [6,7] MUC
ol Py cwl sl I8 L ol ple 5 (eSS
O"fd5)'~° )‘ FE PR “)"“J}’ ).._v kS’LQO)S"" l.(bu;b)
ol 0p pb L, MUC slao Sy plgso g2 yop2 sloo S
o.)l.ll.....f S ygody “.\.S)b Py (§99da o> d)b).s Lma)iﬁ

ailand, IS 4 alise slo imgy 4o

oS Shle 4 1aid [9] ACE oSy K0 B,b
odls olaB! azopd canz p wiind ool Cudszge
=7 3 s ealSl slagly Jold bae Sy cnl e
Sl gy Gosls 51 ACE-2 0,8 j0 .aigd oo
9 S L.SLQQL’) 4«5 ACE-5 DJS.:.; )29 Sl 00l oolaul
Ogzed Alide sosls 5l 0,8 oy 38 ) ux
S5 odls pogdle 35 0pe g ALy ( al slwosls
! o0 oolaiul

Sibez o wlely  as OntoNote 0,8
=z 9 el by iBu e codds ags PennTreeBank
Jolis (mlie 1 a5 col oly eke Sy S0 (gl
Srnsl Sl 5 Gounsl )L (Mo dag I35 05
o)i..; L)J‘ L;...J.i.\‘ Comnd B Sl 00l 6)3"(’:“} -9
Bl 55 €aaz W (oSl daz 5 5l o3y e g
J.AL.: lags 9 Cel )Jobgf 6"5 ‘(S Q“"’U)’) Ll 00
| < L9)"> @Ln )‘ 0)‘5 )‘J.Q e

0dsd il slao S (glauslio JLol (V) Jgoo o

5 se



lalS JB.A)S 4.....4[.7:.0 el 00 00)3] LlS Mbbo 6‘)4

sl 25 O)g0hs

Pr(a) = P11 + P22 ")
Pr(e) =P_1+P1_+P_2+P2_ D)
P —-P
_Pr(a) —Pr(e) -
1—Pr(e)

&y sbable b5l sba,kre -Y-)-F
Slles a5 Slabln ob5, Gl cslin jlae Sl
Syge 0)lgen im0 plwl 5095 by |, (S e
V290 Jlo 5l el 0o 058> ol oIS iegh axed
plas’ o a5 ouls &l)l alizee sl Lo 5ST (g0Meo
STy 5T e e Al kS cul 055 3 Loy
Al e Comol> g0 sllo Wb ol sl s ioles
s 3 lS Bl bl s 0 o oyl i
Al ol S K0 Bb g ails Jlas e ailele
bl G o9 a Wlen 5 abl atils YL pla O)08
e Sl a8 e s abile S 1 wlLls
a0; ,0 CoNLL ¢ CEAF B3 MUC o,,5,

358 0 1,8 eolinl 5550 00 S jsbay oS ez e

MUC Lo -Y-1-Y-)

5o [29] ol &l oM VR0 Ll o b5yl sy ol
ez Shle I plaadys WS L key jlxe
L response g &load (asin ludl lawg a5 sl
i (S ez e dble &5 wies olaade Gl
Slaigy olass Cous Dhgod b5L Jlaae Lawl ools
4....»1.7:@..\...156[.{'0&45...' olmﬁ@lig..\ﬂif)o;_fl;;;;a
30 S i sladisgy slasl Sl O jgedy CES 5 09l 0
D9 n sl Gl Slanisn olani » gy 5 oS

B cube ;Lo -Y-) ¥-Y

ol @5 Gas [2] ab @l VA8 Jlo 4o e ol
Ll Sl o &5 cul (M 5l (S &8, e
Sl (I MUC jlss &S 5 (S cils 5929 MUC
Jora 53 s B AL 53 Sl o (S5 oS
30 00k ax8 S LAl s eogpd s ol 4T eal WO B3
el oSS &l ,Le O Sdisn 1 aS Q.g.l sl 4 lao Qil
03y S )0 Ll jpam pac b g jpa> 5 Slle 053 @
Glp o8 g 2Lk Hlade a0 59h e 4z s (55l
&S Wgdoo pleol ma b s 5 3580 Ao D)l 52
DS g ) ales <8 b3k

O)&:J.: | ‘a)‘}! ?"‘M .Q)L) 05.?-5 wLuc ul§)|9
&z e OB5ly i 3)lge sly canz sl oaiadss
odis Azl o 4 9SG a5 gyl il ples pogde

o ;S 30 (6l iz 0 Corio ismiaw jlzo —Y-1-Y
o)l ez (Faled (i & azgi bao Sy a5 5o
P b oS S G I ez o el (5,0
1 sl pdloloa! b laScas 5 o s O YL
5 ,la8 oz aS Sl ol W (510,50 o adgs po
Loly ol 5o 058 plodl cawlin 280 b g Cand Sy & jg04;
\)9...:64; oolarul éﬁl&&b u‘).A.A S e k_s_:l.(b)l.\.aua )‘
2 jlae 308y 5 (e (S8 ,me I (SO
ol [B] 'L lme o (sloo S 055 die;
2GS ez 90 Gl 02l (liee o) 2 sl sl Sy
aS Cowl oo QJ‘JBL )L:.'.‘o k)"‘ B .»)5)‘;0 )15 L) O)S..:.% &9y
)i“-\i' 4O ad 6—9[-‘“‘ )5-!‘"‘-.’ as LgiL"’&)‘KW*—?J—.’
L jebate cpl 4y axdl ansle asms ,o 6,50 wlead
90 Ol e alid (le Pra) Jsed nl )0
99 oleo GeLml wlas Ql/;yo Pr(e) 5 <l 6)‘56%‘*“-?)%
L.sb)‘}" )é LIS )L».uo )‘ oolaw! LS‘).I Ll 6)‘.\§s_~m;>).v
Ol polie g oud dwlxe NSz p 0 2 sl
Sglised (V Jgaz) pj Jle 0gd oo aid)S S5k
9 M 05; 9o ).) aS Cewl ool 9y » Lg)‘dfw.}f

Sl 00 L;)‘Af“‘““})"gs“""

L dwlno gl 5105 comz 1 5l (glaiges (Y- Jgu)
(Table-2): Example of tagging to calculate kappa
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(Table-5): Example of how to select positive and negative
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(Table-6): Test results on different categories in Weka
F-measure el | cdo | euuss gussdsws
30 22 47 naiveBayes
45 30 92 J48
64 66 63 RandomTree
68 60 70 | RandomForest
70 62 81 SVM

0aiiS godiws g0 odelCawsas mls  wluly
Comd e @l bty oy oetle  (Solad o
2l 69y 0, Aelol 1A cails WoaisS gaudiws plo 4
A slaiy Yoy il o8 plodl saiS gaains g0
Al ool ez 3 Bolal Ko o o g0
i Shote eyl pletiy oy oedle sl <)
)l S92y 6 S 5 HES
Ol Sy pedle 5o OS3ly (S pelocdis -
J.i:_? 6‘)‘-’ sauscsl Lng)‘)"‘ o Lol Y ui.o.n
bl g2 g Sl ol Bolas
obe 5D SVM as-pl Lo gihie b 5l e
oad Ol eaiS ganaid plgicar (b slbanaal
12,5 Ole pj Sjgets Jlezla plg os ecanl
cbla> glylo SVM ez il ol b F5ug olows )31 -
o Shes la SS9 2ol bl T b5l b ply yo
38 soi 8 5t cosSVM

5 classifier
% bag of words

Y et skl YAl Jlo

! Support vector machine(SVM)
2 Random Tree

3 Random Forest

4 overfitting



[23] Ylagsl Gtalojl o0l (59, 5 (2bj) FaiS e ool
s0alax FVF Lels gyame 1o 0,80 ol el 4235 sl
& Cul ez p 4o o3ly YAIO Lawgie) o3ls VFYVY
Sl Sy xmss 5 3031 i b aenlie W6 S 5o
oS e WY s MUC-6 o8, s03] 0,52) MUC-6
Woghls MUC-7 culs, dnwgi 0,5) MUC-7 o (ol
el (Gl Sg5 l3e
OB3ly 08 ez e Aelioged 3ok 0 o
G50 gz Glls 5 0ad iz xz o
Sl Sl o e Sy e Sjpots Vil 0 S0y o]
acgerma opl lo 13 oolainl 0,90 Iy cols (pl ol aSl
ol bl el ead s panpend Cod Jlor @
Bl 992y Calyy o R e 0 4 Cenl ol (ganpend
@ D) Joozr o adl bl (n35ez e b il
sanlie Yyl 0 oS5 Jimooils s5pn )

e alte

Ylaygl o5 o595 Hle03ls (595 (2L, @ :(A-Jgu=)
(Table-8): Evaluation results on 16,000 Uppsala corpus tokens
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(Figure-5): Example of labelled data
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