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Corefrence resolution with deep learning in the Persian
Labnguage

Hossein Sahlani'’, Maryam Hourali* & Behrouz Minaei-Bidgoli®
12Malek Ashtar University of Technology, Tehran, Iran
3School of Computer Engineering, Iran University of Science and Technology, Tehran, Tran

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 aisl ,8

e)lokzs;
o
2,

e il
£

slas,
—
393
(¥%)
=

e
G)L-ll

oy (5 5lmtinge

e

Il [9]

N
o)l 5
—

—

w

[l

Al
S
to

Slualy> [24]

LU

1,5 ) [8]

o)Ll o9 ge

Hle
Silwate
&l

45 0gd o 0adlin (V) Jsdor j0 a5 635lse pogdle
OB 35 ss owop | DYl o oolitals ge slaghs,
aile 0y oy G Yo jo cadoslatul sla Shs
288 o g el slatadszge ;5w olly Gkl (s
ooliuls g0 s, onl 51 (Fn i ooliin s
@ dly b T 3l 55k Ctls az g wl Jy ondadly
50 &S wiaes oolaiul BB Lol ales o a8 auss L
0ad o zopie jsbay goleiing By 4 baye Cuend
Lol
S () Jpr 5o oshise eanli & jsbiles
ol 3 a5 eud 0091 iy Slagby; 5l (S somatas
S o | wws iz baghs 5l (B sle Ol O
oy 3 e [24 40, 38] laghy, Jlaplyea <85
a5 gundds> 5l e g Ailes S salanul o)Ll Cods>ae

Chabls i e cbods G,

2 e b pmpewd oslsd  Sie) Sege (b3S e e
A5 rges i, 5l sliges Glsiedr (g5 e 1) (ool
S 10 0 a5 ol sl 0y s [34] 40 45 S
oVlasl 5l slacgeme 5 00,5 <dbyo |) D pls wrw
S (50t pBaplS sk o sl |, LD oxz oo

Sltudszge WS s (omw piyeNl s plS
Ll [T M dcgomme gm D i )0 35250 anly okl
Ba> wites o)l 5 Shle 5 pled o5 Lo Gl
e

I LES N & O CO R T oW R U S S L
St el (bl ghabuls 5 ball)
ilize glaghs; wedee plxl b glacoss>ge
aies oslite KaSy boane; ol o ez
Siudszrge Sy gl dulp (Sp S Ceainl)]
Oz e (B3l p e slagile A L), el
Saym Gl glocesszse jacmis M gl
Sl 51 Ko (B g S oo plxl [ Soe5 S gloas
S e solial 3l 5 it

L laShy @00 2k iy gyl 5l s
o8l P8 BT Culedye a5 ol plowl ogllas jgloas
lacodgrge Sl 65 (pl 29y Sl ganades
[36] el g yoed

Oibe 5 250k slogt o8l 5 )Shas oy > 0
oo,y slxl 5 ohsel sladises bl Cusi p8
5) oyl zsj sladue Lol il a5 Cl oz juen
mE et boazpees plpiea b ) el Cudezse
lra) Tolibcusezae (A (o0 ganaed gz sepe
Ol 5300 ol Coogzge b lawl Cosezge o gonatws
ey Sl Jeeyd o5 AT e dnlie (LS ez e UL
dalie sr0) Tlasy Joe g (0S5 s eolitul (ganaldss
Josleseme b oRaSo bl Cosgrge g0 s
O sdlie a5 03,5 Anglie Jlaal slacyss>ge
Sgu o0 a5 ,0 [28] el (Conl laali Cuogzge o 4,
B e Ol ey &5 sl gla S
|y i azg alime Glai s Lol G o o5 Wiy
2 RF ez e sleable (1) Jsur wlos S ol 055 &,
G e 00 Hly Ceod (pl 0 S b glaaiuws
el 00,5

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

LARPLE S 3PS ST ST




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

9 NS o0 IS Al Ko o i lo e 5l (S alol oS
igd oo WL 22 yepd Olgica
eadzlsal sl S5 5l eslaal L
logyl 51 S0 s Cualed Glime (s 5 el slocosg g
Gl slee s a8 sl Sis ) BIS ol we w
Log cals ol o sladl ojs 5 el slacuss>ga
loy3s a5l m el oyl 51 S5 5a VS e
LS sbee S o oa Cug Jb SIS LSS
e Olgion (V) S8 sl Jloged 53 sy o0 ainndly

DS S e 1) soleiiay piu Nl

/\ =
(‘,.,b,;‘,..,‘_]\.;v)tn,sagml N
50 Sl et (gt 45t 51 alizt | )
VU e sl Fg gl 5 s o sl

-

[ (69939 Sbowl degazxe il o "-‘”H"HV‘JQP‘JH o

0yed 5 o Slle QLS

iy L Lacogrse slad o538 i 5

(S alald

Bk 5 p50L L GBI, LSS

SBT3 e Alald)

ot il

2

LJb 4 a5kl

b @ o35l

| s & a3l

>

H st 45t s Sl aslid L le L 4 g8 5Lt

‘ R

< Az gla Jl oo ‘
\ 8
v

‘ &2 50 o 3,lge LA ‘

ol gy slamee logei (Y- JSi)

(Figure-2): block diagram of proposcd mcthod

4 09 o0 Sl L5 3 sk 5o soleiiny B,
Hlas,le
Sl s 50 0,5y b e ol 58 cComsid &l o

Lol (50 08 4 (2w wsdioe IS0
Sl S aagh 699>l 5 Sl a5, (loas DS
Sery a axgt b (Jg oS olml ) Hlais j5e 0,80y Tl o
Slalae cpl g0 oy by sl 1] 50 eaio Ll 0,8y
el 00l oolainl 0,5y (ol

adsl sla ils Ay Jlosl 4 bgpe pgo al> 5o
2 ol Shle 4 ol Ao e onl (g5 a5 ol
Oygo A e cpl o aS Sleladl a5 sl (60958 (y5ie
GOl 5 Dglite (889,5 ool oL 4 atey o5
5 o alye ol 5l eols oL 1 F s 40 lsise
S,

S5 el SIS LSS @ by paw dlo o
5 g a> e jlead glelid ol Slile & az g b 4yl

P ol ¥ o,lei YAl Jle

Sly Grmen b oo Joll |, g, Jae egin
5,50 45 [9, 10] slagds, cnlpesde [9,
G353l iy 5l g e cwl allie o) i aST
&S G yguo iy ke S eolatwl vg5 LIS Seugr S Gaos
51 endzl gl GB5ly s ol esliial bl

‘) ed.iocl)b'il..ul L;Lmo)L‘Ll T U‘».\.ob‘ dl.mﬁ...:gﬁ_?}g

10] slo s,

5o LmGT G3adde> 5l oolaiwl b s tailon ST aseiie
o ) 65"5° 5 oSy able g epee gloaiso
s_:Lo-s-E..J )”“""“"6‘"""5 Jaloo;.bbu|6,_,;&>ﬂ
s S L e ol 4o 09xge Dlewdit w4 axgi b allie !

] 00

SOy vy -

eSSt g BT e s, e ool 2
ol o eadipll SLlBl 5 (LFerse Gl Geee
oo b ahex i p iehoe (B s Ol o9
S 1 SIS Gl S Jslop i o8 plesl 5l Gy 52959
koS 5l Fr 2 SRl 4 a2y b s
OlFse edlond pasive (Juws jobdy sl slacydsega
A o ol plasl 5l s 5 (ol S 1, BT Tzl las o
Oig oS dedee ST jlaal lacasszse 5l (SIS
ol o0 4355 15 3 ol o o] sla b

Sl la Sl eslinal (son al> 5
STy 5l e cuihe & Cwl b slatysszge
SaaSt §f ae g cilide SVlEe s oslitulsge 5 wge
bl Jels 2o, ol ouds colazul Giec  eac
G yo oo o) olael a5 el (goae s O Gaos (omas
sbcasszye 5l a8 oo Sy plo LS 0 & cwl S
Chz 4 WS e akde wediee gl b
Sileel b Jletat az Lol Spee sl Cosgzge
Spsboles 2S5 a2 seee alss SO Wl
SaaSed 4 bote s (Shs gl al>pe 0l (lyse
Jols 355 1y e STy il 5 Comed s (rms
) ot o285 slakals sl g ol uinlys a5 05850
JoB ssbar b T boiye Coond jo a5 w5 o L
RLI V0N V0

2 sl Sy gl Jan al>pe Kooploa
2l Llaplh Sy e aslie lael glacysszgs 51 S

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



B b S 358 0 055 slel LMl :(Y- Jguz)

[1] ;5 35290
(Table-2): KNT corefrence resolution corpus |1]
Woslo g ,los E9og0
\-OYPYY 51950 oluxs
1044 ol dlaxd
F-MYA 00,85 wew p Clols” J§
lowl gvcus Slaws
2 A u

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

Yy o e
b

29 o5 ovalia (V) Jgazr ;0 o5 j5bplen
L esly ,n 51sS5 51 jshate wil oadosls ol (%) S
a sl alls S Glinl eyl Sl Jiou
digad) 010 9525 0,8 0 plime Sl S 5IsST 2 )
aS sl (giie A (Censl oaosls i (F) K& o
2 edly (1) UK 50 g dgl) oa Bl Jodo 8594
e oo 5l alold SO Lo Sy 0 o5 cnl oliome ido
Lowd s ;3 080y )3 35790 Il Slaudgzge wilonds
il Sl slatedsgzge 5 (olb (slul ples
s asuive (V) ooz ;0 o olawr oS wilowdipends
Jols o s (F) UKo )0 odlosslie slons 5 !
ez 0ily aloz ojlod i pl s 9l
Jol oy 853 b ojly sy d((oomz 2 003LE) oS (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 a0 02
€8 (Mo ez ) ol @8ly O o o5y 45 az joen
ez ) Ml (Db ) ladl Zedg2ee
Nl oz (2 ez ) Sl g9 (I
(ide
IUs oS ol ele el S
iledley (Al syl bl ez
Lol 3 58 balaz 5o 5 wlosd gl 5 oLLE

Cnl 0l yattice

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

slecadszee G Gi9 b WS i ()9 e
W ‘Léc; J.:L.u L: UL.M.EL«_:)I LJ’“JLM" » 4Lbe)§ L: )L\.nLJ
205 93 0 om slatpliv 5 plae Ly, oS 59
039 S (05 39 ple) e Jb ol Gelel g
OB oo T

S 5 5 ol iz, ol Al e ez Al 5o
oo 3B ST SIS L5 50 dszee welsd 4 4z g L
IS Al e 3 eudglFial Gla Sy pale G 135000
Fr o el b Shs (Fpladl 0y Slenjen 5
03,51 (V) UK 50 (S5 gy shmnx jloges .aig la L )
Iy olgpias (g, hlize slaciand adbl jo ol ouid

D5 ey il

' 69939 Sl dc goo Bl 4o —F-)
Soeslil a5 el sus csaline uiFazse ol 4o
Ll adl i mbs Getbe g5k slahs,
oby wSle @laply @l oty onl JSie 555
RTLIFE SYT SERRUIW] IPC VPP K CSUSUWE SV X\ KORYVON 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 Glies & Sl ok obnl (o Sez e sl
A 53 d9zge e Sy (Rl e 1) (S 0L
Cansle satiolml sl Sy oyl ol Lo Ll s s
oad olzal [T] 50 oudio Ll 0,800 &gl (e jo g azdlas
CoNLL o,52 95 @i oo Ko b aulao LB oS
8 Sl (o)l o3ly ek S 5l e el 0 Sy
L slael Cosszge 5 (22 pond 5093 5 (S cenz
6(~>9—.~)‘50 odalivn ¥ Js» B cc)S.”% ‘5:‘..@‘; )La.i) S| |)‘b
5 ez V) o ) ez Jals ez
5 (a2 V1)l Cudozse cz i (7 (mz
o)i._v sl )| \SJL..A (Y‘) J&m PO | dalad e

" F e oS

LARPLE S 3PS ST ST
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(Figure-3): an example of corpus files [1]
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(Table-3): Preprocessing tools accuracy in corpus |1]
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98 Sentence Splitter 5
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The
Cardinals
will

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)
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(Figurc-4): example of text to vector convertor
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