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Abstract

Coreference resolution is an advanced issue in natural language processing. Nowadays, due to the extension
of social networks, TV channels, news agencies, the Internet, etc. in human life, reading all the contents,
analyzing them, and finding a relation between them require time and cost.

In the present era, text analysis is performed using various natural language processing techniques, one
of the challenges in this field is the low accuracy in detecting name entities' reference, which detection
process has been named as coreference resolution. Coreference resolution is finding all expressions that
refer to a name entity, and two expressions are coreference together when these expressions located in the
same coreference cluster.
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Coreference resolution could be used in many natural language processing tasks such as question
answering, text summarization, machine translation, information extraction, etc.

Coreference resolution methods are into two main categories; machine learning and rule-based
approaches. In the rule-based approaches for detecting coreferences, a set of rich rule ordinary which
written by a specialist is execued. These methods are quick, but these are language-dependent and necessary
written to each language firstly again by a specialist. The machine learning method divides into supervised
and unsupervised methods, in a supervised approach, it is require to have data labeled by a specialist.

Coreference resolution included three main phases: named entities recognition, features extraction of
name entities, and analyzes the coreferences, in which the primary phase is feature extraction.

After corpus creation, name entities should be recognized in the corpus. This step depends on a corpus,
in some corpora entities named as golden data, in this paper, we used RCDAT corpus, which determined
name entities itself.

After the name entities recognition phase, the mention pairs are determined, and the features are
extracted. The proposed method uses two categories of the features: the first is word embedding vector, the
sccond is handerafted features, which are the distance between the mentions, hecad matching, gender
matching, etc.

This paper uscd a decp ncural network to train the features extracted, in the analyze corcferences phase
a Feed Forward Neural Network (FFNN) is trained by the candidate mention pairs (extracted features from
them) and their labels (coreference / non-coreference or 1/0) so that the trained FFNN assigns a probability
(between 0 and 1) to any given mention pair. Then used the graph technique with a threshold level to
determine different or compatible name entities in the coreference resolution cluster. This step creates the
graph by using the extracted mention pairs from the previous step. In this graph, nodes are the mention
pairs that are clustered by using the agglomerative hierarchical clustering algorithm inorder to locate
similar mention pairs in a group. The resulting clusters are considered as coreference resolution chains.

In this paper, RCDAT Persian language corpus is used for training the proposed coreference resolution
approach and for testing the Uppsala Persian language dataset which is used and in the calculation of the
accurate of system, different tools have been taken for features extraction which each of them effects on the
accuracy of the whole system. The corpora, tools, and methods used in the system are standard. They are
quite comparable to the ACE and Ontonotes corpora and tools used at the same time in the coreference
resolution algorithm. The results of the improvements proposed method (F1 = 62.09) is expressed in the text
of the paper.

Keywords: Coreference resolution, Deep neural networks, Graph, Named entities 2ecognition, Information
extraction.
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(Figure-1): corefrence resolution methods
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(Table-1): corefrence resolution method

]

Q ':

S3| %
9

52500 0gd
Jlail sl 48

e)lokzs;
o
2,

e il
£

slas,
—
393
(¥%)
=

3y ge
G)L-ll

oy (5 5lmtinge

e

SIS [9]

N
o)l g5
—

—

w

[l

Al
S
to

Sludly> [24]

LU

1,5 ) [8]

o)Ll o925

Hle
Silwate
&l

a5 0gd o 0adlin (V) Jsdor j0 a5 635lse pogdle
OB 35 ss owon | DYlis (o oolitals ge slahs,
aile 0y oy o Yo jo cadoslatul sla Shs
288 o g lel slatasszge ;5w efly Gl (s
ooliuls g0 s, onl 51 (Fn b oolin s
@ dly b g 3l 55k Ctls az g Wl Jy oudadly
50 &S wbiaas oolaiul BB Lol ales o a8 auss L
0ald sl zopie jsbay goleiing By 4 baye Cuend
Lol
S (1) Jpr 5o oshie eaalio o jsbiles
ol 3 a5 eud 0051 iy slagby) 5l (S somates
S o | wws iz gl 5l B sle Ol o
oy 3 e [24 40, 38] Gslaghy, Jlaplyea <85
a5 gundds> 5l e g Ailes S sslanul o)Ll Cods>ae

Chabls i e s GMs,

2 e b s oslsd  Sie) Sege (b3S e e
A5 rges i, s 5l sliges Glsiedr (g5 e 1) (ool
S 15 0 a5 ol sl 0y s [34] 40 45 S
oVlasl 5l slacgeme 5 00,5 <dbyo |) D pls wiw
S (50t pBaplS sk o sl |, LD oxz o

Sltudszse WS s (omw pieNl s plS
Ll [T M dcgomme gm D i )0 35250 anly ol
Bi> wites o)l 5 Shle 5 pled o5 Lae Gl
e

I LES . & O CO R T oW R U S S L
Sty el (bl glhabuls 5 ball)
ilize glaghs, webee plxl b glacoss>ge
aites oslite KaSy boane; ol 0 ez s
$iudszge Sy gl wulp (Sp S Ceinl)]
Oz e (B3l e slagile A L), el
Saym Gl glocesszse jacmis oM gl
Sl 51 Ko (B g S oo plxl [ Soe5 a5 gloas
S e solizal 3 5 it

L laShy @00 2k iy gl 5l s
w98l P8 BT Culedye &5 ol plowl ogllas jeloas
lacodgrge Sl 65 (pl 29y Sl (ganade>
[36] el g yoed

Oibe 5 250k slogty oSl 5 jShas g > 0
oo,y slxl 5 ohsel sladises bl Cusi p8
5) oyl zsj sladue Lol il 45 Cl oz juee
mE et boaziees plpied b ) el Cudgzse
lra) Tolibcusemae (A5 (o0 ganaed gz sepe
Ol 5300 Jawl Coogzge b laul Cosezge o gomatws
gy Sl Jeeyd o5 AT e anlie (LS ez pe SO L
dalie sr0) Tlasy Joe g (0S5 s oolitul (ganadss
Josleseme b oRaSo bl Cosgrge g0 s
O sglie a5 03,5 aglie Jlaal slacysszge
Sgue o0 a5 H0 [28] el (Conl el Cuogzge o 4,
A e Ol ey &5 sl e S
|y i az g b Glai s Lol G o o5 Wiy
2 RF ez e sleable (1) Jsur wlos S ol 055 &,
E s 00l Hly Ceod (pl 0 S b glaaius
el 00,5

! Pairwise/mention-pair model
2 cntity-based/cntity-mention model
3 Ranking model

JARPLR S 3PS ST ST



http://dx.doi.org/10.29252/jsdp.17.2.138
https://jsdp.rcisp.ac.ir/article-1-888-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.2.138]

Bros (pnos A% I 03wl b Gw)ls Hb) ) (23S 2 o

9 NS oo )18 als> Sy o il a5l (g ka8 alol oS
igd oo WL 22 epd Olgicas
Seadzlsal sl S5 5l eslaal L
logy 151 S0 s Cualed Glime (s 5 el slocosg g
ol slees o5 oo sis |, SIS ol o2
Log el ol o sladl o5s 5 )b slacuss>ga
loy3s a5l m ety ol 51 S5 5a Y3 e
LS slee S o oa Cug Jb SIS LSS
e Olgion (V) S8 sl Jloged 53wy o0 il

DS S0 ety soleiiay piu Nl

J [ n | [Fo| s ]
‘ w5y el ejle alidzs
/\/ e

[ 69939 Sl argazme il o

v

‘ (3o seesi Jast) oo S 4y bins 1

[ ] o0 sl o e 45251 |
v Y oo sl S glpied 9 o sl
\ ey Llacoosage alos 555 ) o
R S RN e
.
Ll & a5l

b @ o35l

‘ B

v

‘ &2 50 o 3,lge LA ‘

ol Jhg) slamee logai (Y- JSi)

(Figure-2): block diagram of proposcd mcthod

4 09 o0 Sl L5 3 sk 5o ol B,
Hlas,le
Sl s 5a 0,5y alo o ol )3 e Al yo

Lol (50 oS 4 (2w wsdioe IS0
Sl S aagh 699> 5 Sl g)as, (lovas SIS
Sery ay axgl b (Jo aiS ol ) Hlaisyse o)y lal o
Slalae cpl o ey by sl 1] 50 eaio Ll oSy
el 00l oolainl 0,5y (ol

adsl Gl bt Jlos! & byiyo pgo al> o
2 ol Shls 4 ol Ao e onl (g5 a5 ol
Oygo A e cpl o aS Sleladl a5 el (69958 (ygie
GOl 5 Dglite (889,5 0ol oL 4 atuy 3,5
5 o alye ol 5l eols oL 1 F s 0 olsise
DS

SISl SIS LS @ by paw dlo e
5 g a> e jlead glelid ol Slle @ az g b 4yl

P ol ¥ o,leb YAl Jle

Sl orimer wpde Joli 1) las, Jae soiw
S,50 a5 [9, 10] oy, cplpode [9, 10] sla ks,
S5l oty 5l s ya el Alie op) i oS
&S O yguo iy ke S eolatwl 0g5 I Sagr S Gaos
Sleadzlmial (B5ly anss oy gl eslatad Lol
o ealghseal sleojlil zoy b glocasszse
5 bl ganaiss 5l oolatl b s 0ilod S aseiie
e | g5~5° 5 55 able grpees slaatas
Slandas 5l (P el 285 ailos 5 obl S az e
w5 5k 50 gl po sszse lenlis 4z i b dlis

] 00

e

e St g BLS e s, e ool 2
ol 5o eadipll Sl 5 (LFerse Gl Geee
oo b ahex wiw p iehoe (B s Ol o9
S 1 SIS Gl S Jslop i o8 pledl 5l Gy 52959
koS 5l Fr SRl 4 a2y b s
OlFse elond pasive (Juw jobdy sl slacydsega
A o ol plasl 5l 5 (ol S 1, BLF Tzl las o
Oig oS debee STl lacasszse 5l (SIS
ol o0 4355 15 3 o i o o] sla L

Sl la Sl eslinal (son al> s
STy 5l o2 cuihe & Cwl b slatysszge
SlaeSt §f ap g cilide SVlEe s oslitulsge 5 wge
bl Jels 2o, ol oud colazul Gaec eac
G yo oo o) olael a5 el (g0 )l O Gaos (omas
scasszye 5l a8 oo Sy plo LS 0 & cwl S
O T T O - U JEC SN B RUAT
ileel b Jlexat az Lol Spee sl Cosgzge
Spsboles 2S5 a2 seee alss SO Wl
a4 bots s (Fhs glin! al>pe 0l (lyie
Jolis 355 1y e STy b 5 Comed Goos (rms
) ot o285 slakals sl g ol uinlys 45 05850
JoB ssbar b T boiye Coond jo a5 S o L
el 00 Lo

2 sl Sy gl Jan a>pe Kooploa
2l L laplh S e aslie lael Glacysszgs 5 S

6)‘MU 6L‘°“:"i°9'?9'° aS ool jf;_'a )L).cL? (5L°C""..°5'.>9'°


http://dx.doi.org/10.29252/jsdp.17.2.138
https://jsdp.rcisp.ac.ir/article-1-888-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.2.138]

B b 2358 0 055 slel Sl (Y- Jguz)

[1] 55 35290
(Table-2): KNT corefrence resolution corpus |1]
Woslo g ,loss E9og0
\-OYEYY 51950 oluxs
1044 ol dlaxd
F-MYA 00,85 e p Clols” J§
lowl gvcus Slaws
2 A u

INAYE < e
0395 o
\at<d Sl jlawl sl gz go ofuas
YPAY o ol gy ogzgo Sluxi
Lol jlaol slacusgsgo dluxs

Yy o e

b

29 o9 ovalia (V) Jgazr ;0 o5 jsbplen
L esly ,n 31sS5 51 jshate wil cadosls ol (%) S
a sl alls S il ey cul Sl Jiou
digad) o)l 9525 0,8 0 plime Sl S HIsT 2 )
oS sl (giie A (Censl 0aosls i (F) K& o
2 odly (1) UK 50 g odgl) oa Bl Jodo 9594
e oo 5l alold SO Lo Sy 0 o5 cnl oliome ido
Lowd s ;3 080y )3 35790 Il Slaudgzge wilond
il el slatedgzge 5 olb (slul ples
s asuive (V) ooz 0 o olawr oS wilondipends
Jols o g (F) UKo )0 odlossline slons 5 !
ez 0ily alez ojlod i pl s 9l
Jol ojly 853 b ojly sy d((oomz 2 003LE) oIS (sl
w0ily 353 b (g Wadey 485 Sl 0 10 ol
22 o3ly sl (D (2 canz ) el Zue2 5
oy o)lod (U conzp) 393 (A2 yee0 025
€8 (Mo ez ) ol @8ly O o o5y 45T az yoen
ez ) Ml (Db ) ladl Sedg2ee
Nl oz (2 oz ) Sl g9 (I
ide
Ids oS ol ela el S
iledley (Al syl bl ez
Lol 3 58 balaz 5o 5 wlosd gebis 5 oLLL

Cnl 0l yattice

Sed oo oS 10 3l sl Sljlie SIS alold @y ax g3
S oo gl [ S s 4 bg e sla Sg

slacadszae G Gi9 b WS i ()9 e
W ‘Léc; J.:L.u L: UL.M.EL«_:)I LJ’“JLM" » 4Lbe)§ L: )l..\.nb
205 93 0 om slatpliv 5 plae Ly, oS 59 e
033 S (05 39 ple) e Jb s ol elel g
OB oo Ty

S 0 5 ool iz, ol Al e ez Al 5o
oo 3B ST SIS L5 50 3szee weled 4 axg L
I3 Al e 3 oudglFial Gla Sy ple G 135000
Fr o el b Shs (Fpladl )y Slenjen 5
03,51 (V) UK 50 (S5 gy shnx jloges g la L )
Iy olgpias (g, hlize slaciand adbl o ol ouid

D5 peole il

' 69939 Sl dc goo Bl 4o —F-)
Soeslil a5 el sus csalie uiFazse ol 4o
Ll adl i mbs ceibe g5k sbahs,
oby wSle @laply @l bty onl JSie 555
RTLITL ST U] PP R CSUSUWE SO X IR YVON SR L
> 9 Wl.;.ﬁ 6[.@0.)‘\5 l; 6‘°)S“’ FL| ﬁ)ﬁl J.i.....o
B e e slae Sy 2ed 5 I iz el
oSy Gles & Sl ok obnl (o Sez e sl
A 53 d9zge oSy (Rl e | (S L5
Cansle satiolml sl Sy oyl ol Ho Ll s s
oad olzal [1] 0 oudio Ll 0,800 ,2lgl (e jo g azdlas
CoNLL o,52 095 & oo Ko b aslao LB oS
a5 Sl (o)l o3ly ek S 5l e el 0 Sy
L slael Codszge 5 (22 pond 5095 5 (S cenz
6(~>9—.~)‘50 odalin ¥ Js» B cc)S.”% ‘5:‘..@‘; )La.i) S| |)‘b
5 sz V) o ) ez Jals ez
5 (a2 V1)l Cudozse cz (7 (mz
o)i._v sl )| \SJL..A (Y‘) J&m PO | dnlad e

" F e oS

JARPLR S 3PS ST ST



http://dx.doi.org/10.29252/jsdp.17.2.138
https://jsdp.rcisp.ac.ir/article-1-888-en.html

2.coref.txt 5 Li: P o} L3 L& = = = = = B-PP P
’\ 2.coref.txt 5 435 N o} 435 435 = = = = = B-NP N-S5ING-COM
& 2.coref.txt 5 4, P O 4y 43 - - - = - B-PP P
\\_7\ 2.coref.txt 5 ,45t5 N O  ,43L5 4455 - - - - -  B-NP AJ-COMP
2 2.coref.txt 5 Lt N O L Lt - - - - - I-NP N-SING-COM
3 2.coref.txt 5 gylas N O gylas  gylas - - - - - I-NP AJ-COMP
) 2.coref.txt 5 J3as N o} J3as J3as Location(* 10(* 1(* Entity(* NO(* I-NP N-SING-CCM
N 2.coref.txt 5 o= N (o] o+> o+> Location¥) 10%) 1*) Entity¥) NO*) I-NP A J-COMP
D 2.coref.txt 5 4,5 P O 4,4 34 - - - - - B-PP P
D 2.coref.txt 5 i3y N O ,Lij3Ly  ,i3by  —(* 11(* 11(* Other (* NO(* B-NP N-SING-COM
9 2.coref.txt 5 ol3ls N O oi3ls oi3ls * * * * * I-NP N-PL-COM
\ 2.coref.txt 5 wlwl PUNC 0 wlul oLl —%) 11%) 11%) Other*) NO*) O  AJ-COMP
3 2.coref.txt 5 O3xan ADV O O3xan O3xan - - - - - B-ADVP ADV-EXM
o 2.coref.tXt 5 o N O  gapn gen —(* 13(* 13(* Other (* NO(* B-NP N-SING-COM
— 2.coref.txt 5 ‘ PUNC o] ‘ . w d d f f o] DELM
_3 2.coref.txt 5  oYsi N O Y33 oY * % % % % B-NP N-SING-COM
- 2.coref.txt 5 4 CONJ O 4 4 * * % % % B-CONJP CON
3 2.coref.txt 5 €, N O L& TSN * % % % % B-NP AJ-COMP
— 2.coref.txt S Sl 3la N o] Sl 3l Sl 3Lls iof iof iof * o I-NP N-PL-CCM
'_'\ 2.coref.txt 5 LGepns NO Gegay dGegrs —%) 13%) 13%) Other*) NO¥) I-NP AJ-COMP
3. 2.coref.txt 5 4, P O 43 43 - - - - - B-PP P
p 2.coref.txt 5 Gl N O gal ool —(* 14(* 13 (* Other (* NO(* B-NP AJ-COMP
2.coref.txt 5 La¥LS N O La¥LsS La¥LS  —¥%) 14%) 13%) Other*) NO¥) I-NP N-PL-COM
2.coref.txt 5 ‘ PUNC o] ‘ c = = = = = o] DELM
N 2.coref.txt 5 .5, N O ud) asy- - - - - B-NP N-SING-COM
2.coref.txt 5 golaidl VO  golaidl solmisl - - - - - I-NP AJ-COMP
. 2.coref.txt 5 o+> CONDET ©O Gz oz — = = = = I-NP V-SUB-NEG
T 2.coref.txt 5  Jals N O Juts dals s B B 5 5 JUNp N-SING-COM
2.coref.txt 5 Lol PUNC 0 Lot Lot - - - - - I-NP AJ-COMP
2.coref.txt 5 os,> N O as,» as,> - - - - - I-NP N-SING-COM
2.coref.txt 5 o—! PUNC o} o=l gl —(* 12(* 125w Other (* NO(* I-NP AJ-COMP
2.coref.txt S Layljo N o} Laiy by s iatyigls =v) 12W) 11%) Other*) NO¥) I-NP N-PL-CCM
2.coref.txt 5 dal 3 ¥ o} dal 3> dal 35 = = = = = B-VP V-AUX-FUT-POS
2.coref.txt 5 533V o] ) S ey S = = = = I-VP V-COP-PA-POS
2.coref.txt 5 PUNC o] . . = = = = = o] DELM

[1] jo dg5 90 )l 085 g (wd G o b 0, sbel 1 JLio (Y- JCi)
(Figure-3): an example of corpus files [1]
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(Table-3): Preprocessing tools accuracy in corpus |1]

A e Nxles G,
98 POS 1
70 NP-chunker 2
85 NER 3
98 Paragraph Splitter 4
98 Sentence Splitter 5
93 Tokenizer and Spellchecker 6
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word

The
Cardinals
w?ll g
win
the
world
series

word vector
The (0.12,0.23, 0.56)
Cardinals (0.24, 0.65, 0.72) sentence vector
will (0.38,0.42, 0.12)

0.28,0.33, 0.49
win (057.001.002) | = | )
the (0.58, 0.68, 0.91)
world (0.11,0.27, 0.45)
series (0.01, 0.05, 0.62)

132] ,1o 2 4 ¢t Jrod 51 o (P JS)
(Figurc-4): example of text to vector convertor
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(Figure-5): example of edges prune
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