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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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25K English MUC-6 [6]
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
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(Table-2): Example of tagging to calculate kappa
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(Table-3): topic categorization of raw corpus
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(Table-5): Example of how to select positive and negative

samples
O Gl | (e 0y | ks
1 1 A
2 2 B
3 - C
4 1 D
5 - E
6 - F
7 2 G
8 1 H
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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 mli  wluly
Comd e @S bty oy oetle o (Solad o
2l 9y 0, delol 1A casils WroaisS gaudiws plo 4
A slaiy Yoy il o8 plodl sasiS gaains g0
Al ool ez 35 Bolal Ko 5 o g0
i Shote eyl pletiy oy oedle sl <)
5l S92y 55 HES
Ol Sy pedle 5o OS3ly (S pelocdis -
J.i:_? 6‘)‘-’ PRI Lng)‘)"‘ o Lol Y ui.o.n
ol g2 g Sl ol Bolas
obe 5D SVM sl Lo gihie b 5l e
oad OBl eaiS ganaid plgicar (b slbanaal
12,5 Ole pj Sgets Jlezla plg os ecan
cbla> gl)lo SVM ez il ol b F5ig olows )31 -
o Skes la SS9 2ol bl T b5l b ply yo
38 soi 8 5t cosSVM

5 classifier
% bag of words

Y el ) s,li YAl Jlo

! Support vector machine(SVM)
2 Random Tree

3 Random Forest

4 overfitting


http://dx.doi.org/10.29252/jsdp.17.1.79
http://jsdp.rcisp.ac.ir/article-1-873-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-22 ]

[ DOI: 10.29252/jsdp.17.1.79]

[23] Ylagsl Gtalojl 00ls (59, 5 2l FaiS e ool
s0alax FVF Lals gyame 1o 0,80 ol el 4235 sl
o col (ahoz 2 0 oils VIO Langie) ofls VEYVE
Sl Sy x5 5 9051 i b anlie 6 oS 5o
oS e WY s MUC-6 o3, se3] 0,52) MUC-6
Woghls MUC-7 culs, dnwsi 0,5) MUC-7 o (ol
el (Gl Sg5 13m0
OB3ly 08 ez e Aelioged 3ok 0 o
@3 Slocawz n Glls 5 0ad iz xz o
Sl Sl o Sy e Sjpots Vil 0 S0y o]
acgerma opl lo 13 oolainl 0,90 1) cols (pl ol aSl
ol bl el ead s panpend Cod Jlox @
Bl 992y Calyy o R e 0 4 Cenl ol (gapend
@ A) Joozr o il Jblae (n35e e b oail,
sanlie Vgl 0 oS5 Jimooils s5pn )

e alte

Ylaygl 05 o595 Hle03ls (59,5 (2L, @ :(A-Jgu)
(Table-8): Evaluation results on 16,000 Uppsala corpus tokens

Sho muc b3 ceafe ceafm conll
VBB [ YVIYY | AY/A | 2YF | BFIVA | £NEY
Y LB | PV | OFIAY | DAY | OAIYA | 0A/0)
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Sl | AN | OFIY | 087 | DOIYY | DA/DF

k-fold | #Y/SY | 0216 | AVIYY | 0O/AY | OAIYA
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(Figure-5): Example of labelled data
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(Table-7): SVM test results
Fl | Recall | Precision Jow b

00 | YA | AR | Sl (S 5 eslial oy
VY| PE | A

O85ly (Sg 5l eolaiul b

ool U ool sz o ol IS ) 50
CoNLL olylus o eaasl) ojlaibisl objsol ! )
sojlas Glp 1) b Sl ) cwl a8 S o900
oyl ululy 5 WS oo amwlxe MUC,B3,CEAF
CoNLL jLas gy 1) byloe opl 5l cadasl)l

! http://parsigan.ir/datasources/Coref/4 ,
2 https://github.com/rcdat-rcisp/RCDAT-Coreference U/ s
3 recall ~

Y el skl Ivad Jlo


http://dx.doi.org/10.29252/jsdp.17.1.79
http://jsdp.rcisp.ac.ir/article-1-873-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-22 ]

[ DOI: 10.29252/jsdp.17.1.79]

GRIB Yo )3 051 i e HLgs jopd

e it gl LB Lol agh Lo le tags

Seiig (e slp o8 2 (e bl ol o
3 T pamie a5 ez o ailole ol ases [1] Conl 00
Shxe 51 solal b .,\.1.5‘50 oolazwl Qy'[g 2 e s,

O)S.».t )‘ 05’4)1 M S99y CoNLL wb) g onj‘)]
Ol 5o ol Ll oals ooz Ylag gl (Sl o 0

f- aseas g ailoas azd )8 Jlai o gold &jgody b))
O i jo.cel ZFAY soe CoNLL jLes L measure
QO G ol alloles )0 Al g wall yhg, 90 oyl

o [1] 50 cadadlyl IS

ol g g ol

Gy ol Sl Sligios 35,0 5 Canl o3 Lenl o
g 2 Siier b B s Giagh ol I cales
o29] Josts (6155 ol

7- References &l =Y

Slar e al ably o wuss 3o olblb[y]
Osled Sl eslawl b o )B by jo sl (sloog )T
AYAY (s o090 SKingx Siulen gl Kool

[1] Sh. Tabatabaece and Y. Shekofteh, “The basic
coreference resolution system for noun phrases in
Persian language using simple rules”, The first
conference on national search engine, Tehran
2015.

[2] B. Amit and B. Baldwin, "Algorithms for scoring
coreference chains", The first international
conference on language resources and evaluation

workshop on linguistics coreference. Vol. 1. 1998 .

[3] B. Eric and D. Roth, "Understanding the value of
features for coreference resolution," Proceedings
of the Conference on Empirical Methods in
Natural Language Processing, Association for

Computational Linguistics, 2008.

[4] B. Baldwin , M. Collins , J. Eisner , A.
Ratnaparkhi , J. Rosenzweig and A. Sarkar,
University of Pennsylvania: description of the
University of Pennsylvania system used for MUC-
6, Proceedings of the 6th conference on Message
understanding, November 06-08, 1995, Columbia,
Maryland.

Ch. Chen and Ng.Vincent, "Combining the best of
two worlds: A hybrid approach to multilingual
coreference resolution," Joint Conference on

Y el ) s,li YAl Jlo

S35 ol S cds p sl SO e cds a5 wlass,
a2 6ok sl U a5 Rl kel 5 (n e
on ol aie saskad |5 ccwl aiaslad ols oles
u.n:x.u LJ")JW Lﬁomb ua.a:;h..u wl&bodwol; ua»:;u.u
0)15 M U"l )O 6‘0Mb ;‘ ‘].\) ‘w‘ Gu)f (':>}4 )‘).;‘
Sl Bl me 9 09do0 Sloilk adeS Sel ogid Iy,
‘SJLQJ MS;) » AJLM U"‘ 9 .é)lé.} éa}ﬁ OJ..»..AL L)—‘ (S’L’)b
G Jlpl S s 1 gy sl iS50t s
Syse 46900 Shaz e Al sl aiaskal
ol aoles sae 1) il mls a5 cal Dl 31 S5 0l
Iy il 380 Wb 3w ples jasxid ol umes
oasl (29,5 p» (oS ardl) aaskd alie 3G
LS il 6,50 3l 5 golals Lasis Sl ols
2,5 SaS s dgae 4 lgi e o] CBs il
@b sl Sy asVl 5 b Shy ol (l3
Jo o sl N85 mlbs s 0 Wlgoe Llpl &
sylpl (B Gl o d92se b 4z L ol
ol 5l Gegi nl g Wl 392y (oo (line 5 920
el LS 50 o8 ass
O 5o &S e S0l L nj ojlge g, L e
loands oty o8
Sl as,S e VY Jols cwl a5 PCAC-2008 0,5 @

el e A ol 2 & Bore oSy
[18] conl oo jastive youd Y+ VA
ik ey (e olxiy Sl (Slacgemo oS ugigl oS e
ol Shle o5 cul (B g 0,8 5l aes
[20] casl ooy aseiie o] j0 &z aen
Al Ghegl orl 0 enBad azpees oSy
Sl ()8 05 (b3 sloo Syl sl Sl e (go>
T oo S b aalie LB oS jobar Jl ce 50
Skl ieren () Jsaz S)) ol Ontonotes 3 ACE
Iy ool £95 dw 0,0 (! eddig |08 iz (slousel
(el by 0 lee Sy oS Jle o S o asie
S o aseia |y oauel £o5 SO LS
e luly easadg (LFer e sl
ol Coads 4 SGo 3 f-measure ly)ls CoNLL o il
5o 0adpldl sguzme slo ipgh plu aS Cwl > o ol
ailos S &l oy 098 U Jez 5 Ssliie slacds ow )b
wlabne b laiags ool cds (tomiw o5 ol Jodoa &5
Gl ol GBS Sype e gy ki


http://dx.doi.org/10.29252/jsdp.17.1.79
http://jsdp.rcisp.ac.ir/article-1-873-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-22 ]

[ DOI: 10.29252/jsdp.17.1.79]

(18]

[19]

[20]

(21]

[22]

(23]

(24]

(25]

[26]

(27]

Methods in Natural Language Processing,
Association for Computational Linguistics,

2005.

N. S. Moosavi and Gh. Ghassem-Sani, "A
Ranking Approach to Persian Pronoun
Resolution," Advances in Computational
Linguistics. Research in Computing Science 41,
pp. 169-180, 2009.

V. Ng, and C. Cardie, "Improving machine
learning approaches to coreference resolution,"
In Proceedings of the 40th annual meeting on
association for computational linguistics, pp.
104-111, 2002.

M. Nazaridoust, B. Minaei Bidgoli, S.
Nazaridoust, "Co-reference Resolution in Farsi
Corpora", Advance Trends in Soft Computing
Studies in Fuzziness and Soft Computing, vol.
312, pp.155-162, 2014.

S. Pradhan et al, "CoNLL-2012 shared task:
Modeling multilingual unrestricted coreference
in OntoNotes," Joint Conference on EMNLP
and CoNLL-Shared Task, Association for

Computational Linguistics, 2012.

M.S. Rasooli, M. Kouhestani, and A. Moloodi,
“Development of a Persian Syntactic
Dependency Treebank”, In The 2013
Conference of the North American Chapter of
the Association for Computational Linguistics:
Human Language Technologies (NAACL HLT),

Atlanta, USA.

M. Seraji, B. Megyesi, J. Nivre , "Bootstrapping
a Persian Dependency Treebank", Published as a
Journal in Special Issue of the Linguistic Issues
in Language Technology (LiLT), Heidelberg,
Germany, 2012.

M. Shamsfard, H. Fadaee, "A Hybrid
Morphology-Based POS Tagger for Persian", In
Proceedings of 6th Language Resources and
Evaluation Conference (LREC 2008), Morocco,

2008.

M. Stamborg, et a, "Using syntactic
dependencies to solve coreferences," Joint
Conference on EMNLP and CoNLL-Shared
Task. Association for Computational

Linguistics, 2012.

V. Stoyanov, et al. "Reconciling ontonotes:
Unrestricted coreference resolution in ontonotes
with reconcile," Proceedings of the Fifteenth
Conference on Computational Natural Language
Learning: Shared Task, Association for

Computational Linguistics, 2011.

O. Uryupina, M. Alessandro, and Massimo
Poesio. "BART goes multilingual: The

EMNLP and CoNLL-Shared Task, Association for
Computational Linguistics, 2012.

[6] N. Chinchor and S. Beth, "Message understanding
conference (MUC) 6," LDC2003T13 (2003),

2013.

[7]N. Chinchor, "Message Understanding
Conference (MUC) 7", LDC2001T02. Web
Download. Philadelphia: Linguistic Data Conso-

rtium, 2001.

[8] C. Jacob , "A coefficient of agreement for nominal
scales", Educational and  Psychological

Measurement, vol. 20, 1960, pp.37-46.

[9] G. Doddington, A. Mitchell, M. Przybocki, L.
Ramshaw, S. Strassel, and R. Weischedel , “The
automatic content extraction (ace) program-tasks,
data, and evaluatio"n”., In LREC, vol. 2, pp. 1,

2004.

[10] D. Greg, D. Leo Wright Hall and D. Klein,
"Decentralized Entity-Level Modeling for

Coreference Resolution,"” ACL (1), 2013.

[11] F. Fallahi and M. Shamsfard, "Recognizing
anaphora reference in Persian sentences,” Int. J.
Comput. Sci, vol. 8, pp. 324-329, pp. 2011.

[12] A.M. Green,”Kappa statistics for multiple raters
using categorical classifications”, In Proceedings
of the Twenty, 1997.

[13] A. Haghighi and D. Klein, "Simple coreference
resolution with rich syntactic and semantic
features", In Proceedings of the 2009
Conference on Empirical Methods in Natural
Language  Processing Association  for
Computational Linguistics, Vol. 3, pp. 1152-
1161, 2009.

[14] A. Haghighi and K. Dan, "Unsupervised
coreference resolution in a nonparametric
bayesian model," Annual meeting-Association
for Computational Linguistics. vol. 45. No. 1.

2007.

[15] Sh. Hosseinnejad, Y. Shekofteh, & T. Emami
Azadi, “A’laam Corpus: A Standard Corpus of
Named Entity for Persian Language”, Signal
and Data Processing, vol.14, pp.127-142,2017.

[16] H. Lee, et al, "Joint entity and event
coreference resolution across documents,"
Proceedings of the 2012 Joint Conference on
Empirical Methods in Natural Language
Processing and  Computational =~ Natural
Language Learning. Association for Computa-

tional Linguistics, 2012.

[17] X. Luo, "On coreference resolution performance
metrics," Proceedings of the conference on
Human Language Technology and Empirical

Y el skl Ivad Jlo


http://dx.doi.org/10.29252/jsdp.17.1.79
http://jsdp.rcisp.ac.ir/article-1-873-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-22 ]

[ DOI: 10.29252/jsdp.17.1.79]

1
£y
%
'%
2
\i
i
D
2
;)

iy e i3l g g 09,5 0 VTAF L VYAY

ol 03gy Codled 4 Jgrine wgb (pallial axls

(b by OBl oLl aBle 550 Llagh A

c el glislgl g Sl il cwliiyls

5l el O)le lagl asbll, slas
shadi.hn@gmail.com

Y el ) s,li YAl Jlo

UniTN/Essex submission to the CoNLL-2012
shared task," Joint Conference on EMNLP and
CoNLL-Shared Task, Association for

Computational Linguistics, 2012.

[28] Y. Versley, et al, "BART: A modular toolkit for
coreference resolution,”" Proceedings of the 46th
Annual Meeting of the Association for
Computational Linguistics on Human Language
Technologies: Demo Session. Association for

Computational Linguistics, 2008.

[29] M. Vilain, et al, "A model-theoretic coreference
scoring scheme," Proceedings of the 6th
conference ~ on  Message  understanding,
Association for Computational Linguistics,

1995.

[30] S. Wiseman, A. M. Rush and S. M. Shieber,
"Learning Global Features for Coreference
Resolution," arXiv preprint arXiv:1604.03035,
2016.

[31] A. salimibadr and M.Homayounpour, Phrase
chunking in Persian texts . JSDP, vol. 10 (2), pp.
69-86,2014.

09,8l 3 VYFF Jlu )0 (o) o)
o1y plas adaie U Odleass Lol olsie
S9> alawgie plad 5 (6 09,8l oS
Gy 0,5 cab,e WWAY L o,
30 )5 alade o 1) 895 OMass
o oKuils o (38le,)  YamelS  cwiige ald,
oKisls QLo.b I (6|43LM)A;.? slabln) Sledb| d)jl.:_é
ahio ggmails HeSTer Lol wle, oLL & (VYY)
2 (Fyman A98) Fgmall (cuwidige ad; o 1350
S50 Dlegoge 3l aiiws lad Slige s oKl
ey ek Ol Giibr 4 Gl Ol B
..))5 o)L(:J‘ @.:LM.:QLM& 9 wl‘o
5 el & le lagl aabll, Slas

rahimi-z@rcdat.ir

aid, Juaslg B 815 s g0l
2 Ol B Sl FeelS (owaige
Syl geimed el WYY L
SIAYAY Jl o) 065wl )l cwlis IS
Wy iyl e oS
Juo 5l pliml sl os)s il il celiipl;


http://dx.doi.org/10.29252/jsdp.17.1.79
http://jsdp.rcisp.ac.ir/article-1-873-fa.html

[ 22-90-920z uo Irde-dsiordps( wouy pspeojumo( | [6/T 2T dpslzse6e 0T :10a ]


http://dx.doi.org/10.29252/jsdp.17.1.79
http://jsdp.rcisp.ac.ir/article-1-873-fa.html
http://www.tcpdf.org

