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PAYMA: A Tagged Corpus of Persian Named Entities

Mahsa Sadat Shahshahani, Mahdi Mohseni, Azadeh Shakery” & Heshaam Faili
Department of Elcctrical and Computer Engincering, Collcge of Engincering, University of
Tehran, Tehran, Iran

Abstract

The goal in the named entity recognition task is to classify proper nouns of a piece of text into classes such as
person, location, and organization. Named entity recognition is an important preprocessing step in many
natural language processing tasks such as question-answering and summarization. Although many research
studies have been conducted in this area in English and the state-of-the-art NER systems have reached
performances of higher than 90 percent in terms of F1 measure, there are very few research studies on this
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task in Persian. Onc of the main important reasons for this may be the lack of a standard Persian NER dataset
to train and test the NER systems. In this research we create a standard tagged Persian NER dataset which
will be distributed freely for rescarch purposes. In order to construct this standard datasct, we studiced the
existing standard NER datasets in English and came to the conclusion that almest all of these datasets are
constructed using news data. Thus we collected documents from ten news websites in Persian. In the next step,
in ordcr to provide the annotators with guidclines to tag these documents, we studied the guidelines used for
constructing CoNLL and MUC English datasets and created our own guidelines considering the Persian
linguistic rules. Using these guidelines, all words in documents can be labeled as person, location, organization,
time, date, percent, currency, or other (words that are not in any of these 7 classes). We use IOB encoding for
annotating named cntities in documents, like most of the existing English NER datasets. Using this encoding,
the first token of a named entity is labeled with B, and the next tokens (if exist) are labeled with I. The words
that are not part of any named entity are labeled with O. The constructed corpus, named PAYMA, consists
of 709 documents and includes 302530 tokens. 41148 tokens out of these tokens are labeled as named entities
and the others are labeled as O. In order to determine the inter-annotator agreement, 160 documents were
labeled by a second annotator. Kappa statistic was estimated as 95% using words that are labeled as named
entities. After creating the dataset, we used the dataset to design a hybrid system for named entity recognition.
We trained a statistical systcm based on the CRF algorithm, and uscd its output as a featurc to train a
bidirectional LSTM recurrent neural network. Moreover, we used the k-means word clustering method to
cluster the words and fed the cluster number of cach word to the LSTM ncural network. This form of
combining CRF with neural networks and using the cluster number for each word is the novelty of this
rescarch work. Experimental results show that the final model can reach an F1 score of 87% at word-level
and 80% at phrase level.

Keywords: Persian named entity corpus, named entity recognition, rule-based model, deep-learning based
model, conditional random field’s method

5 Sl oad sl (B o 8,55 5 isu ) eolan
O s WA g 59,4 o Bolitul 850 g3 oliwl & 6

douio -
Aad pn lolizs I claoslg ¢ | clacos
o ol ol acgarme o cSle 4 el ol OO e S e S
asS i | e OS5 (IS 2o a5
oolsae . u"l )| . ‘w—’)b)"gf ):Aib uﬁ""’ s . ;M ) P T ) O ~ LSLA )50 9 PeRAS

Goed, 5 alelid Zgx slulle U5 s u:}9'°-‘ &l Wl bl 5 Glgs o ol slaZoosg0 glgil (s Snge

fV‘-‘Su,—" solaiu! ‘Sw)ls 09-‘—‘ o L_:;‘-M-'l GLQMQPQ-" [23]&; o)LﬁﬁJl UL") 9 s@)b sM)Q «Jy sLbuLs.A ALQQLA)LW

Feol )50 5 (omyp 4 e Su p> dllie daldl o
du{)li} 6‘)‘. S¢>g0 w‘ o990 LA slasble
SR o S350 e (02510 p 0 (o) g (oS

U’_:Lwl.\.w LU ;o.w‘ @éj}}@ ] ST LQLAA_»LQL.»
S Lyl s Wil se e S gonl SbCu352 90
Coadsrge Lol OS e gaied, astie gl |

Jsbs |y ol slay 5250 5,lilil B0l degazs L
Bl 758 a4 ez B5u )0 o0 Tedsl gy
2 s elpiee ook cnl ) (o) 0L sl end Ak
Slols 3l soliw! L oaiipbml slayilesl poxn Lisu
3 eeddse T 1) oadpald sols dacgarme 5 oad il
oaisl syl (lo g somper 4 pind isu 50 Colgsye

w20 s

ey, 0,15 ¥
Golailinl solsacgaze muS o W a5 ol 4 axg L
S 2 L e Il (oS obml ow)B 0l o)
5l cdls mealss cwodSl Ly S9zse slaosloasgazs
5o oxdpll ety BT o b melss o0 45 2]

'named cntitics

ol gl gl ol o i3 slos )5 o
9 [16] Ggie gaized) 22] Zualy g Ghwyy slaailoles
B, [24] szt (5 3lwags
paAi Ay &S Qlagiagh a4z S
Ty it Glaply o eaipll el slacyss>ge
ool 0al Jol> Jed BB mls gogaml 5 oo
Oz o) 0l 5o aney cal s eadelnil slacllad
39 e 3L 5557wl cnlalyl bl 5 090 00 S
sl 5 Gzl sle ol 8ol aegazme gyl L
Ok 45 3,00 392 ol Cuogz g il slaailels
ol 03,5 5 Yl |y a0l o Ligy sl dless
0ads Sty [26] o (o)l L (sl 9290 801y dcgazme LS
sl (e mi Joli o] glacaz o5 o
L ool degoaze oyl .Canlaudg>ge plu g layg, LIS

¥4 ol o)l \YAA JLo




£

)3 O

- T

L Ob) el Bl d9ag0 8398

gy

sobdacgarme 0 g g lenewswire ol isu LS
oadt oolazul ogusly sad s L3 st 51 ACE20047

el

el L5 50 by -Y-Y
Wby )-Y-Y

Slae i ) B ol slayogge aieis dls
(P SISz ) s el T g 6 ez
oyl o az g b a8 sl 5l glalls oyl Las
Do 10 0,5 Bl oy Ll SO @ sl 13
Moz s 3 55y Ll oyl o) oS gmge misels
shaul 51 s fred a5 o sonl slacy sz se glgil
25 g Boyme slaghy, 5l @l cal 5o iagh
ol 0 Sy 50 sl ot eolitil g5 (5,05
s & MGS o ey 5yam5 51 eolil L glasboles [6] 4o
45 e 4 pe S e ey 8305 by 5l Al el 5o
lp oad B glahs) a5 (npdsyee
Jae j0 cwl oad coleiul ccwwleallis (5,188 iz y
a5 0,10 092 g oadonnlice yate Wiz (Sl len by
Lol e JUl Jlaiol prndls Loy gl & ez g b
Jzl i b ol el Glallds Jlisw
Syt goml Slayoyz 9o Lariuis Ul 1o i
A ez Gl ol § 55ls casanliv

oot 0alitul YU e aliiss Aty Joe 51 [7] 50
G Lo las 8yems B 5 MEMM) s, ol 4 ]
e ey oS Sl (S e ez 5 oS oS
505,500 el S 5 oolimasl el S o ooliadl _SgiS
3,08 4>y

e Gbyd (Bolai glaglae by J[19] 0
o) g el euls solatil ol slacgsezge Landeis
$09)9 IS OB b (295 Sz (sl (b,
sl o cnl 5l G & GV 5 j0 29bse Wy
5,90 5 Wload @] ool slacusgmge Lakas Wl J>
9 kel Gog) olreds VCRE g ) edila )51 3 aalllan
el 0 oolatwl gl

S5l (ilwosle 23 jlondig las by, a8 50
el 0ol ookl bz 850 30 (5 Sl Sl y

S 05 3 352 se sla by, Shesliul by (o)l o)L
Blocuds>ge adis glp S glalls b a4
ezl ey aslel 3 qulore (o) 0l (oo
2 4 o g oSSl b5 50 eadplnl slagiags,
Sl o1l primen il o0l Ol slaciagk
Coanl allico cp) 5o by, Sl §5lulay o S5 oLl
G S S oo e By g0 ]y B e )
L oped g 5o g eaddll slashsy Hepe A Cunss
o A Jo gln cadall)l G Shg Sy

b ree ol Bleasszse

Lhoé‘&«cg.oqm -Y-)
sty ge Lauduis Llolw o5 oo ool Lis [25] o
O wbe) Blow Sy L g ((Shy 839 aile) 09> SO
L sloizl aiile) lojem plas o cond ool Syl (Lsom,
gz (SVg 5Se b S5 aiile) sbow plo b g (ol
S plply cadls saler oo S melS as s oz U
plod (55, a5 0 calo ui.)‘yj ol Bl aSo) sy oo
o o sl anils o3 0 Sles Lo glw U g looje>
B35 pyd &S Zuz 2l Sl p e S 3525 (0l L
A el o) Gl G5t et slaoje>
Q)LL’LA.J LSLQ:Q.)L) ACgate (g § Sy 0 (5)9} \_JL?L..!‘
052 10,005 e azmo leol 1l g ST Ly 40 9> ge
3594.794 ‘°‘\“:L5""))‘3 b)‘»)uL.w‘ kSLD‘)'DbA'c?‘W LSQLA:; ) as
iloads Ll g yeie 3l ysie

555 99 &lp a5 [30] CoONLL2003" 3olsacgaze 5o
U5 Afgelre )‘ W PRV dL?r.i‘ S)LQJ] 9 w:.l.i:‘
Sr Oy asgeze 5 Sl Ly Sl 5 s, 55
oolaw! Sl b5 (sl Frankfurter Rundschau gasl s,
Joles a5 alas VFAAY 5l ooloacgemmes ol ol oud
FEWW PR W Sl 03|5 \EAPAR

Osie Aegese 5l [29] MUC6 ¥ solsasgeme o
SII9OTMUCTY sabdacgome 4o 5 JUyey Co il g (65
| 00 oolaiw] }NLJ)%?—:) )0 0990 6L“)""> AL gao

Gps g 5l FACE2 sobdacgesxe [0 puiored
51 BACE2003 sslsacgoms ;o o g VOA (o o350l

6 https://catalog.1dc.upenn.edu/LDC2005T09
7 sequence

8 Hidden Markov Model (HMM)

¥ Maximum Entropy Markov Model

10 Conditional Random Fields

¥ 2be ) 5l YA Jle

! http://www.clips.uantwerpen.be/conl12003/ner/
2 https://catalog.1dc.upenn.edu/LDC2003T13
* https://catalog.ldc.upenn.edu/LDC2001T02
4 https://catalog.ldc.upenn.edw/LDC2003T11
5 https://catalog.ldc.upenn.edu/LDC2004T09



e 03l s i 45y 4l 5l Fns Ales
oy 50 ol 5w s S8 osly 50 5 il 83ly o)l
ol 59 5 )l B3ls o mled) Bly &S (Wllas
dog: po Sledol (2bloaSs aay oy S 50 O jlam g S
Slrar s eily Ty alie) oS-l (058 O &
el Ty Csdee Rl XL @l
S B> U o S jly Bg > pled 05155
e dpJeld (SzS 5 SHp B> 5l (S5 el
g Opiise g o ¢ aile oo og els
S Oli Gl b Iy sl (S alive) (2Dl slagXl
By plad a5 o opl 4 g ge Giluples 85
O ladlold 17 4 pB )| fa” 4 S sS By, AT @ S5
5 Wgdey) by 5 (Al st S a4 @le plo s CF S
03,5 o (o3l 31 b G By F-Y Lol oy gy
]
50 a5 Wilodds pand diwd dus 4 by T [23] 0
020 s0 B o g 4 aalo)
i ofly Sladungs ulul 2 jly maw sla Sy -)
ooxh auS A (Dl sl Sy Jeld 5 wighioe
ST 955w Nl o0 b Fhs al Mo 5l Nsb o
o) g Vg igdan) o3lgil ()10 oDle B>
2,5 o)Ll e3ly Jsbo g eoew Do)z 2 (OBTSls
SN locaygd b 608 p e slaShy Y
ol Gruogmge Laiis Bl 4 a5 Lla,lS
o ol 3 b 0 5] eoliial (S e S
Glociiie 5 bolKe doplojle osede sl
ol 5o gt Cejd g See SlaThs eulag]
Jpax pas b jeh 45 Shse cnl 4 isd oo i
Sz et audgzga 5l Sy o slacis g o g
Dl e 4185,k 55 (S
ool 3 B Shg al )5 5 i gl sla g Y
Wl dla gl o iy i di S le g It
w3 ojls sloolas g slaw 4y lei oo b T
W §0 S5 9 S>eS gy b ojly slaolas slows
2,5 oyl alaz )0 (6,518 e
s oleea oS3l Gles slats, U [31] 5
3 P0sly sanadss Gy, 5l dlas cnl p3 esl ol ()
Collobert and ¢ HLBL §5ls 4k  ule slo s,

b o S e o ey 45 S n ol S e B
el 58Tl (S o] Bkl sgumms 5,z o 4o uite
olg.) LY La:)...v&.n olaws 5 Sluwlxe wguid solawl uo).e
s arless sezg s J> Sy laiggs oly a5 0gus oo
peris Wles Jo sl CRF b, 51 [12] 5
@, oolaiwl b pstie e (Sowly YL sloaz o 5l ol
o oé; solaal u,...._.f L;)I.b),gcﬁyoi L}:"ﬁ) )|

sbaglae by, 5l a5 oVl gt B
ooliwl (comil (S5 g0 Lais sl by Sola
SV plain oy gases, (b, 5 [28] )0 i o
Lol ooy oolaul jglate tplay e

(et omas oSl jub L 3 sl o
55 G312, s 5l 0l slo g 55 (o555 Jyod
lacyssrge Lais Alae sl ools &, b
S Sl 485 Syge ol Cnl p plaingh R som
8 o Jles!) Goyb 5l a5 Tladm g b ioled 51 [11]
alols ol .l oo ool codalussa rszufwm smas
la S50 9 0,005 Sy w8 @ 3l 5 Sl O 51 S
A (o0 615k B0 & ypon ),

e a5l uS s Slle S ) [10] o
5 iy sabais Sle Sl slp (iSes
Li> oy LSTM g4 5l F oS5l eac sloasis
ewl ool oolatwl ulf)‘a O @Y}b (SLQ¢‘<~‘“|9

Sl ras Al I S 5 (o0, [18] 0
5l eolainl b il oads oolaiwl o yd Bolas slagylage 5
& o Ay LSTM g5 5l S 5L oae 4805 S
Loy ol S5 5l G 203500 Joe G315 ol
g sle sl a ol il cmon ofly LS
le $9y byt (Plai slagliee @)l vl le
ss5sn Jusl 35 ool Jolo

b SHe-Y-Y-Y

ol Sl Lo S 5l (melr 5 29> degema [15] 5o
Awd 9 0‘93‘5,0 I) OMQM dl«ol 6lh;ﬁ9 oo
oad hads ) Sla Sy a5 05 i ool by 5 4k
Ay 85ls 053 sl oS s 4l slo Sy les
Sgi oo Jles] lxa;j

* Recurrent Neural Network (RNN)
% Brown clustcring

! Support Vector Classification
2 character cmbedding
3 Convolutional Neural Network (CNN)

¥4 ol o)l \YAA JLo




£

)3 O

- T

L Ob) el Bl d9ag0 8398

gy

R B e e S e )
SIS O 3l &5 (Sl 53z Bolbacsee (s,
lools 51,3 yge3l 090 cilaislo yoe

ool 5 jso0seld slabg, 5l (oS 5 o0, [2] 50
by s 5l QBls Cad A lp Sl oah 4l
£ dw b dlolu jo 4 pioren Ll 0uls colainl ow )l
ailabis 51 (lojles 5 S0 e a5ed) (gomsl Zadg2ge o
OB atd) il ead sslatnl f e o ggi B L
g0 4 gei) slesls (olag ) g Jgame (UKl (ol
Gl 0als A o o 5,50 5l eolatll by s
i Alle S e Seals lr peaees
Oygot ol G50k p (S (ool Glacudezge
5ok oy 5 Sl oa ol 3 el slaesls (s
Joe 0aiailyl oo o yige 45 4285 518 (5050 0590 (rniile
56 [3] 50 ool ooy (b i Bolas slog e g e
Slcydsmge arii 5 adll §,u8 Fhs 5 eslin
ool 48,5 )15 sy 2 3 )90 (so

o S5e-Y-Y-Y
3,5 )58 eolatl 5,50 Ly a5 (6l Sy (ST 0L 0
ol Cusezge (ansis slaailln B gl 136 s
)b b 3 a5 Sl By (e85 Sy (Shg il
D9l ad ool

S o)ls o9y Al 5ynS Sy (o) 0L o
Sudgzge S e 5ye Sl (255 805 et lgi o
olojl?  coml Sle UL Jle Glsiear ail ol
ol Cudgzge leisds Wl &5 €l QL';.N\ 55)‘%‘3
el paseas BB &b ol 3l e S Glosles G
Uas b Wlgi oo 9 G Qo j0 00 d8LS] 6,8 anseld Cdo
[2] ;3 &lo) 5y Sy 3B 92y ol b il ol e
S )3 gaoy0 oz Sy g al 4B I 18 (o) 3550
pae Sl 4 S Glajle Gl et (o pae
el oad 5138 Shg cpl 5l eslazul

2 o3ly o) sy e sla Shs I [14] 0
P oga> pae b ja>) Swpd e g (W g dlex
(ool slatusgrge b glyl (ols glocané

soomeodel ailele 29 eiorer Cawl oad ool
ools cpdile (6,80l e dilols 4y (S SO leieay
Ll o

¥ 2be ) 5l YA Jle

Glde s g, sy LoCwl eals colail Weston
oo S (s plsied o] o Sadlal s (S5ls oles
Giwdls> 5l oolaiwl a7 Cunl ongw; azus pl 4 ol
PR ool Blacadszss ateis Ales o (pln
ol 5o el ealol Balm jei haled sla gig; 5l eolaiul
Nl go (§Anabs> (ol pedludu B )jsoas G5l s,

wlab jo (Bsly ganes; glp Gogy cnl 5 2LT 5o
o ol sl ool solaiul LS""“" sliuog>ge alise
obojle oz o Microsoft Jle oylgreay astyl cxdls b
asg> S ;o Microsoft b NIKE oS cosdls (sl 510,35 o
lojls cawz o8 NTKE & 5 00,5 oslizul 45,5 |3

ly oz e Hioles iz lasy, 55 [27] 50
gy o Slead alie ma b Sy Oleea 9939
] 0393 (0l 51 Sewlie [20] o couiasl) word2vec
Q-I sl 4 Jg el oals solawl word2vec i oo [28] o
e Fhy Olyea peline O)pot cada jo8 el a5
Abs 5lad 5 ol (gaalys odla 5 sloiuled w9,
i ol el oas Bl T 4y (S Olsieas ol 5o
S5 o) b Gl b Jls Gl Sy onl ke
Oy aalys alie pp 4

B obj Ho gy Y-V
b sy, ~F T
GX0d, g Lanid S slalel e & [4] e
T RRCI PRV U E{ NIV TN PR SN - FXCIRYE =N
dLli §|ﬁ ui.o..o (o 6Lm5ﬂ| sﬁf)lfp L alebs
plel &85 slp (lne 5 6959 locz 55 05l (oo
g Coml jgzmeonsld oS jeboas allolus (pl oS o oolazl
ICLPIN oolawl 5,80k sl Jug s 5l
dawg ollimghy 8ol dcgesms I oslaul L [1] o
slagtsy (owsb rillpaianlys a8 i slag gl
S5 K sined, sipmmt K Gy Jolb sSUs
48,5 )18 Oyeil Syp0 G wedy 5 S e ylsn
Q000 5 (e 6’4} Asod FLEGTH IPRWIPRIRY QL..: 5
aclgd g a5 e A Jdo oS 55l eoliial [5] S0
o] slcuosrge jaxis slp laleln ooy
Col oS 5 ge 5l alebe ol Adlg 0 sl ool Slpiien



€Olpd Medlim o509, Jio Ylgieas 8055 ooz
oz Sl € o plel (Malli ol80g,8 slpa oS
8 Cavszae Sile (39,0 Sdo ST 05 oo Cudyrse
Sudgzse Dl Sl B ST Jy 05 o0 iz 00T
B s R e
S 5 (Jg xS oo Qe ez o S50 €l
O e A kS Gaall Ll (Do e
DS (o8 AFD ez p €S

Jeb Sglase Do o )b g (yloj oz n oglas
ez b 5ey Sl S Gl sleasls clagl e
CEY oz b ) Se sl G Gley slaasly g <l
LYY ol 2 ¥ o0 ole Jlie gl gl oo aseins
CYEF 8l ,5 Vo35, VF celr O jle 5«5 Y oz
Dl o patuie €l ez 2 L

Sy adliogeds I (5 paie b aiS azdl
S oladl wole) ez 4 e el lacudszse
sgke Bloogzge don )0 (Jioez p doliogd iy
O 5 S oo o SLIS S5 a4 (LIS ree an e
Fitie ol laCosgzes 05w b1, asboged el
255 penlss

)l DMz s1lo 050 cnl b s 2
CokS 2L sl Saleds Won gsise 4 Ll 5wl
S CedS ln e Sl Sy (e
oybge b o ools gulid b gl 285 edlazs b ) joamz 5

M P

ool Slss! —Y—¥
L3 il mlie o Sa slwl 55 Ll Gas L
A e ks (3 ol g b 5 5l s i
Lpl e @IS 25 ool G55 el a5
Olols (5,15 52 Ll (oMl (555002 5,15 22)
5 o2l (555 0g)l8 «SWL T g e ()0
Oy O8> o8l

ol Hlaes olaws s 3l oolvacgemme ol wlse!
055z dlwl (ceg050 22595 45 095 plonl slaigF ey Wil L
wdls Srpa o8ly Glis L epiee e b 2l
Jsb 0Nl 4 55 oobasgeme sbiwl b 2 Kke 5 220
g5 &5 (nl sl e AL S5 (8ly sbis oL
Qb anl asils sezg oles oolbacsomms oliwl 5 (g iy
S8, e 5 el b aigd Sl il ol 5l ol
Ded o S0y (Bly slio L4y o, sl

wily Jobo wam g o3 AlS (5 5ms 25 I (1] 5

Fr P ke o5z el omoie b opex

woy 5 03l 1 50 o € 297y soml SlCy0s2 50

el 5 e ol g0 (SBisel gte U 0 eSly el
Ll 00 ool e uaB

o 5w Y

Syl ol slacusszgn 5,5 adgi wnlp s a5
aalol 33 les oS Jlal g (S (i © S
b}wLSA ob)j]

d.obag.:.u -
3l &5 ool Slacudszge (Gioemz n acloged dngd
loslo alizee slacydgzge (i p g arseis aslsd
90 L Eo>, L» Cowl Qo0 g ‘Jﬁ) 4CJJL) 4uLiA (ua}.(.::
aclgd b gaadss b g CONLLY 4 'MUC o il dobogess
WOl @ Az b ez Sl ol Al o) 0L
BEdn glacudgzge s> &5 ) Shle b o155l
ez g Sl OB lecossrse conz (5,055,
(OB5l9) barkhd oz g B L (o5lg) Tankd s
S b GElg wgdion 900 T L gzy Sygo y0 500

S aSe ol Giewzn S el
ez el o U anle @0 o 0 45 placussse
S9=>¢ GJS sucld L}"‘ 6‘;{ @LSJM‘ \))l}n w;u;o da'f‘éo-
Sudyrse So et Sz &5 Slle Jlg Jie sl ol
E) LB)" ‘SAAJ«_X.&QA ouSlisloy  aule ...\.75..»(541 c$)5T A:-‘s
Sudgzee ez n Sy (Sea (Gl oKl Saals
On Jeemeygbar &8 Ll slacdYs s w8 e
hez e 4l g amage £ plojle y SIS Cadgrse
OlrP 5o Jle plgies 0gd ood ol Gla po el 92
oz €SS D g €D 5l €08 0, 1) I el sleol
55 o0 O

DS (oo ey Se D)ke den lpe Sljle 5o
ez S IS0 € iz 5 b S oD digas lsiea,

wwwnlpir.nist.gov/related projects/muc/proceedings/ne ta
sk.html

2 www.cnts.ua.ac.be/conll2003/ner/

3 token

¥4 ol o)l \YAA JLo




Qw1+ Boldacgemme oluwl jl0sd oo drwbre oz 5

Lowy

Slp oyl alox VoV'e 390> degammo 10 45 0395 cam

OYA- - Lol olosl ol 090 co DSl damms (Jicunz 5

=

)2 0

L owed sablive oz o S 1 aiis askd

Loy p 5 (o by (ALESI L Sl Cudgga 95
Ve ol o el sl o)lg olisl conz g9 g 00l F)

\__).I.Ile

YAP bashd acn 10 (jow 9 o B olass aiw

ol 220 A% Loz g Siolod liae g 590

250
200
150
E I 1111
58 -
T SN E BN
S AL

B L) el Gl d9age 83 )95

Giliseo ol g go 48 oLkl Sl Sl 1 (V- )

(Figure-1): Number of selected documents per topic

100000
80000
60000

40000
20000 I
0
N2
o

2D
V;‘-") ¥y

TR
N

) .
'f? \9“”

Gl Wle g go o il oluwl o Wojlg olaws (Y- JSC&)

(Figure-2): Number of words in selected documents per topic

Cauogrge baskd 51 YL wo,o Syl 4 w2 b
L ks oy gl €O ez g s (oo
Qo3 5 B Cuds e cewz p aS plodakad o S LS
Om Sln Gllas g2 0 g 97 105 (o 1) S
Sl )l 0925 el sol Cu0gz g0 Wdakad plas aSs |
glaial s ol Covgzge a5 olnasdad olowd aulxs
daxlad YPAY &M)\) ‘b/"‘kaA )‘)3 S Lilods ool
(YAP) St olawy 28,5 185 0 L .aijls sewsl Cudg>g0
el 32,0 A0 By jomz 3815 e DY ] o
P B9 Olee arle sl LI Jlire Guizen
"&j} bl 21y Bl LIS Jlane oS (oo drilons | Loy jronmnr

¥ 2be ) 5l YA Jle

Sl e 55 lazul o0l degoze Slowl Ll 4l y
Slear T3 S 65 50 b oadoly plis 5l 55
I Jl s ole 0o JLal il o Sley 65L el
L5 a5 qenliols bl G 3l g sl o0 428§ L
sLis ) wliws oligS Jlew slage b polas Jold
el Cewsds (B Sl Boalan 3945 Egee ;0 (s g
REOS W NS W ST RS NP RS O
el 4335 & 900 'Persianp 15l L ol

Ebye diedy dilebs 5l oliwl odge (pni sy
50 olewl g oads sl T )b Kiia 059, (5 Sl
KSo5,97  &oladl Lowluw?  cgdse dlws b
(SAndiwd Kasal>» g «5,0li 4 ui:_}lg» e g Kn o
Mg s

Sl Jles Sli) o Job o Xle 9090 o 0
@39 Geb ol datin g0l 4 axg b g dnlne
boosbewl Job 05eSSle (29, ol b s plomil s paS aiges Jla
Job el 4 o slisl (SasSTy 5 GlSo (HBly sloo
Oyt iz Jloj laojl y0 o 0390 o0 Lai 5
sy e ] s I35 il Sleydga 5| S
Sl don (29090 20555 b (il sliwl (o990 @ )55 &5
S0k el

e 5l gobl Jolis culyys oSy Sl 6l
S LS S 4 5 e 3l sl S it
oo jl Cul 005 Jilia fodga o 0 Sy gie 2
P r 0oz sdee LRIl d 0alis pS gl Sl
b 135 s 500 s G (6 e Sl ,LS o155 1
Ol Sale) Sz g WS e e s sl
5l wilgi o ales ool Acgasme slwl do s Cuny SSTas
A Bs Sl dul oy9e o a3k 653 e S
slasl duo g w0l i 4 elaisl e o5
e e olaisl ogt a1y (2355

58S sl bl Jolss ol 6,50 oy ol &
Ely slos L3 L ol s ok Nl gpise S
Olegdge jo 1) sl slaw Jlogad (V) JSK5 050y Slgsea
bz 2 50 G55ly slaas (1) S0 5 ans o (i calizes
S e paedia
S Iem  CaaS Y'Y
o5 3l (oA 0o (RhwiadS Gz Sl Gl
O Bl Olie 5 )l p Bl a3t g0 o

! persianp.ir
2 http://pclp.itre.ac.ir/?q=products&page=8(¥ &7 w2 )



ygooasld (fogy —F-)

bl Sed Djpon saslgd jamaoacls sla by, 5o
Golas samlie b 5 Sosddaas &jsoas b ops b3 ol
Slacosg>se aelgd T 5l oolitwl L a5 o pgas Sosie
e aclgd disS o0 4y aclgd 0l oold il e (el
P S5y phate aclg 5 askd o slaanss Jl5 s,
wile) )b Cudgzae Jlo plpear ool (pe laaskad
i 55y phite ol lie 5l oslizal b g oo 1, O¥AAN /Y -
loaakd g5 (59, plate uclyd ols arsis aslad gladny o
aslsd Sygods Dlgon |y aslsd cpl s iy LB 5
o1 oKl saell vile) Cawygd g I ool
b (Olosle Cudgmge (mueid (gl €ppis ol + " oMl
g angs Wankds Iy gy Jy edite ol le alie suclss
0,5 ool aciuog oo mniis sl

&bl gy —F-¥

3 OYls i 0 Wb 4 S i 0 assl 4 d> g b
gy lgrets dlts £95 b Jal5 s Lsay CRF 35,
oolizsl con! slacuds>ge i Ul jo w0l 5 Lol
Ll bl joaS gasas slaie) jo g ool odds
30 CRF jl flapa ool alyl Gaes (50500 5l oolasl
3o Je (et ol 00 oolis srat (5,050l b a5
el s 03l LSTM glaaSius s CRF oS 5 51 [18]
Gy e (b il ) S peeds S (e
o, daldl ol S i g S ooliiw] o (5Ll
paitn pedel 4 lal dslol jo oo 18 cwlio o S
o 5 pilbpes b Gla gl )
S o0 B |y ool 0 )90 Slo S

b 3olar glagylows —F- Y-
O)lo soky =85 g wigB ax S S Jle elii o Aiiin (g
clis Sl g5 S oz Plos 50,5 Joe sl 5
ez oyl Glaze bl slas sl gos Grs Sl
S ol mdg psbonl dFee 1) JSie nl etise Sk
Baaline @ly,0 daJlisl @58 59, 05 ol b ol
plod L b o JSie cal o sl S o ool ], 055
bt Bola glaghas by, MEMM (35, Lljs
sy welar () IS o ol sl «lyl (CRF)
sads o3l i yyya B o CRF 5 MEMMHMM

L)”ﬁ) )b &;A...Jl (JQM JS...J O.v] )d as )5.|oul-o-lb C«...vl

S a4 s bjoms sl ol e
50 ls A8 co dulne i pll Jolai 1) Sz
L Q)L) S99 «O» o> 4.1.09)‘ wam}).: dod 45 LS:'”’

Wl 2
Kappa = 0.9723; 95% CI: 0.9695 to 0.9750
p-value <2.2e-16

as s k0 O ez & b o ml

il 25 T A 35 e
Kappa = 0.9409; 95% CI: 0.9352 to0 0.9467
p-value <2.2e-16;

2 o p-value lie wed g0 cdnliv a5 jobjlen
O YU 38les 5 colSs a5 Gl ol jlaas Sl 9o

Syl by

0,5y slol -Y-F
ol Egamme s 45 Cal (i wiw Vo A ol oles 5,50
(6513) axkaB Y+ YOY + 00ls dcgazme iyl ) ansl alax VY E
sibe 9 0 Cuogzgn o axkaB FAVEA a5 5 o 042
slas Jlel (O iz p) Bl Cudgzge cunz p odslad
S oazas i ol le b F5lseSs) Gilie slacysgzse
&8 B 0 ot n slaaskd olawi s (Cudsrse
ol el (V) Jgoz [0 Cudgzge

Cosszge o LS slacysgzrge sl dulne ol
48,5 ool 1 il a5 5 eyt Sl S e
Dl 50

9290 Eg B 53 03,95 ey sraskd slawi (- Jguz)
(Table-1) Number of labeled tokens per entity type

Slaws Slows slows e
LS slacusgzgs | loasks Cudyrye | Cadgrge
2507 7675 4447 e
2413 16964 6360 ool
12838 8782 6223 o
801 732 281 ol
157 4259 1858 b
436 2037 527 b
179 699 326 ao
7781 41148 20022 S sl

SO b9, -F

3 el slrcudgzge adis Alle giluesly ol
ods oolazwl Gaos (5 mS0L sé)Lc] eoeodsld gle g,
ol S e Bl musg 4y 4l o as cll

¥4 ol o)l \YAA JLo




u”)-’u:'*:*’ T ] L""L;}iﬂ 5! s Slasgorme (pisren
s oolaul J;l.e ;QL.AJ 9 Aslodds w).su u—l (5‘)'.'

Oloteds able aen 3l OYGe 51 (gl o plpegdle

£

)3 O

Codgrge il Hlpl S giluesly lp Al Slle
6ol olels )l o] Jblis Al 3 col oo ooliw! conl

LS

5 ods 8 Sl b arg b ksl e HMM
a5 b el 0 MEMM s 5 atgs lacdls 5l lsaalis
IS CRF 45 055 o e igsS 30kt 5 S 2l oy
et & 3 25550 3elss Slaskie Jlg S 5l el g
Shasi (59, BxSsw Jlzd MEMM 2y, wile cle

4 S Obs lop 095 et b a5l (25 slacdl>
q’;’\ Sle cwzn wlicn sla Sy gl oln 3oy syl 5l e germs Lo satial oKy anb
X o oslazwl Persianp |l 51 e Slol vz g g ol iloals V3 105 raghs Lol o biyte Ojgeas |y L
,$ | Onl ol T ol s s gz g0 Lansis bl opl ) SO
3 Zasl CRF (g, 2 (G g o aldgd gl b5 40 13
8

e Y Y, Yin Yis Y; Yin Yy Y Yin
1 - = & -0 -0

0 N T
D . ° ° o] o o o o 0

- X; Xit1 - A X; Xia X1 X, 5 A
35 Caomr 33 g MEMDM brg 50 HMM o Coomw JSi 50 - [17] 31 438 ,5 1 CRF g MEMMHEMM (sl b, gl (Y- JSCi)

RG] ST KY O:"il'“ CRF C«.m')
(Figure-3): Difference between HMM (left), MEMM (middle), and CRF (right) methods [17]

sogde 223,5 ooliil o3ly 095 pogdle 5 o3lscn (Sis
S35 55 S e oSy 3 eslial Loy
pleel sy (ool (S92 90 ) (Fum i o S o 1]
b S cnl o o3l j9a> pas b jed g 03,5 ol 2
el Lo 08 Gl s sl w5515 55 (Ss Ol
b s 3 a8 adgl socaoszge 5l (sladsl Cayed il
Conygd oyt i glladl
egmen ! o eslitul 5550 (ponl slacuse>se
shol i an Jolis 5 ool ghial (o) Sl (S
FYFY ol oanygd cnl yo ccwl sl 5 e o aseds
AYVYYY

Slge op> (owyp

5 O Cudgzge TATY (ol Cosgzge
2,00 0929 Hlejle Cuoszge
IR ol sl 050 sla Sy s ol

HUSUowW-
ol 51w 83l S5 g LB 53l S5 g (sl 8350
Ol 5ham 8315 5 L8 53l 5 )l 8515 (o Dol iz 0
Ol S o 83ls 5 8 53l 5 (55l 83l ool Oylie om0
Sa ojls 9 L3 85ls 5 5,1 83lg E3lscn e
SE) dewgi (A hias G o5y dungi o slapl Sl

diges g disdoy (o) sl ie3ly sloil b o
Sz Bilad O jgon 508 p e sla SR

gy

¥ 2be ) 5l YA Jle

L Sig -F-Y-Y
21035 s0licis] CRF &by 56T (sl Lo a5 lo S
bl Gl Shy s lal s ol Gla S
=8 Sl s Ojgot (nlSST Ve )3 oudidy 05
g iy 233l oyl 0L slp b g e oolail LB
S olseas sByl opll (She 4 lyiee Jbe oy
ol Scadgrge diws a ojly Bl slp 28
el slo Shs 3 Lo 0,8 o )lal pley 5 )b s
S 23 5l pene Boliul Gl 4 rizren mles ;S eolaiul
02855 00l T ol Lt iz S 51 LN 8 puS
ol il S Jgene by soml slausgzge sz
OF Sl ez (Shy ol elpedle raties S
30 o 5lg Ty, 51 eoliul ax 81 ed o e, ooliul
Syl nls ol apie CeMbl SL5L sl e,
3,18 (5 e i Co3lacp 5l salazal by (510, d bogs ye
azgi H5ls e & s (B3ls Al e 5o 1 [13]
OB3ly (2bme mlaw 4y 03lscyy (ot )3 oS b )5 558 e
JIS e 4058 o0 a8 5 0o L yslons JI3l5 LS

L https://nlp.stanford.edu

2 https://nlp.stanford.edu/software/CRF-NER html
3 NP-Chunk

4 stem

S lemma



ras 80D g e o Fhg gltul 5 s 4 5l
Wosls ;o 5l 900 slaShy ol & 0% Guoe
PB s Joe o Fhg s e oS Gl lp il o
sls gobj e il ool sl s (sod gl inl
WYL e ol o (o ed 4 il L 00 53 s
doe 3 YL cea s el oo jprcenzpy gloosl
bS53 0599381 sl gy [18] 55 s eaoslo 2]
4 OlFee (el 0L 1) (B3l Cmis S (SS
o S5 (0958l s sy FT jlons 10 (g8 a5y
ol g S S8 Jols albile cuasS ssge 4 WlsS e
ot a4 b Shy (0 S8lal lp (hgy e 3l e
Peisn S Gy Sl e Moy

Solel wilelus oS 5 jobaiaas 2o b oyl 5l oolaul b
CRE (29> 5l somae 8505 9 CRE 3650 (oo
odlitul (oeae D Jao GBigel 0 (Fhy o Olerea
795 & Sl (nl B ol plonl gl Lo 090t oS (o0
P e wmzn My Gl oS0 Wsiee CRE
Jde Zey 5l S mizes S sbml ae S0
odl 0olaiul CRFE (694,5 ,0 (Shis SG Olsieds jemxooacls
w55 sl Ghey e 92585 e Lo g [14] Sl
w205 5 4 LSTM 5 CRF

)| sslaz! (CRF «ilolos 6‘?5)"" j‘ oolazl ]305)1.:
[B1] ;o waio ool slpaing Lol o0 Ko She S
L;"\'“"MP g):"ﬁ) 3 Lmd.w? 8s )l a5 Cewl o0l .\Lg‘.w
o glaable 00 (Fhy S lrew oln
(Gdde> yhgy o) 50 el solaiwl ews) Sy se>ge
3 S sbhadss o oo 4 S0y sles L 5l
Sty S1il sl 53 &2g3 oS Jsb 4z e 5 0 S o
4 A5G0 oo 4 oline Hlai il oslg g0 o) el asls
5 €Ol o5l (Ko Azt Gl <SS
5 WK OB cezy Wl 2 a5 a Lok
9 € 5l slse (6y80 Az gie lsf oo Orpizren
Ooi9el WSy Sglite slacamz Wb 4 Wl « o
lads Sheol gl @ ool ooy Sl (gl ganaig=>
Py 2 O3l sk Gl ganadis® jo ojls » Al
ool 4 otS oo oslazul cwgtnS dlold JLas L k-means
g Cailigol «auiaSey «aaly 85l Jle (gl s 5
G oz 2 2V JLais T o i o, L
OB5ly (omizer B pS e JE Al SO 0 WK
ez p 2L Jliml b aS € 00» g €l e &lpanh

G G Sk -F-¥
laailels Ll o s < LB s 0 a5 sbiles
e 5aSd 3l Grar 5550l 5l ealiul b sad b
ol sl sad esliwl LSTM 5l solinul | a5k
ozl Pl iledae sly oras slaaSn
LSTM | oolitisl § i comsbio allis (6,138 oz
e Gl 85l 5l e oledbsl 5l eolawl !
e 35 1 gl 59 5 e 35 e ol 658

(w2100,5 00laiwl LSTM i eolaiul b

oolitl 'openNMT I 51 ae 4 slyol 6l
Silwodly lp (rges Cszilr S Il cal el oad
S9) S o5 ogh & Sl Gaee 6050k slo Joe gl
JP S 539)9 da e (ol Jlgs @ Jg5 slaJoe
&z Ao Jsb plillay &5l JIs5 S5 55 (295 5
sl pr (Al 52 Jg 1 GLaSo 5099 Ao L
Uss Job o8 2 &5 o)l g Giemzn slados
ol Gl o bl LSy pll 0955 5 (295
S 5l amae aSl Sl po mles ST solainl cl
L (59955 2 098250l Jedods 5 Sl o JoSs5 T3S 5
330 smas aSuh ) LS he, 4 il e S
syloy Job g ool LSas LSTM Y g0 5l ool
Lol daily j5 aSls glre, S olass g wails 5l Ak

sy & b Shs (arae &S 50l Gl
b oras 800 L o s oad @le (BT5ly b haled
5 (aher sl & lazl ) 28, cazr o LSTM sls Jsb
Ohisel (o gl 4 il 5 S caz 50 K0 b
el g0 ools

Sz OBl b les sla o sanadys ol
Bl Joe slp S olpear alss 3led 5l eslind
slaylop il ol Fos sslatal word2vee |l 51« cuas
)y 6 rSok 099 855 sy 1) WBly heb ol
WS o (gdbade> k-means oy oSl bl 1) b jls
GERsiy Gl 0 el (839)5 50 pelas LB laadigS sl
R P R WY N V- T ] JUR F- 0 PRV

l.b‘;j.g‘g -f-y¥-
Bt omas D p e slaghg, o (segesjsba

! hitp://opennmt.net

2 encoder

3 decoder

4 https://github.com/dav/word2vec

¥4 ol o)l \YAA JLo




£

)3 O

- T

S
4’0,
%
%
4:
3
3
=
3
2
3
)

1o 2 X e3aX g3l
s+ Sl
Sl ol 5l2 852 g0 duo )0 BaiS Lasiios (2B
(Slo 3 g wlond ool Laseid ujoa ailels lawgs oS
iilyy bl oS el Bly el slogdszge aoye
s awds | g
G395 0 358 00 drilone &l mhaw 50 280 (23
OV o)y S 51 i 5 e ol 550 s
ez oddly onis olulid ol 5l (S Glyea ojle
Sile o Jle leisds 0ed cod Blod canps sl aisis
olRiils (8 8uSisls JamelS g 5y owdige buSiiiloy
Ssieds (oaSzils Jle (sl) o3ls Ky 45 el 1S € 5
= D)zl o ail00 558 ez lagzge Sl Sy
22 Ml 00 (6N oz (S p3a K0 J3lg ples S
Slaws a5 el ol e 505 s gite 55T (B dule
b miets IS ol bl il o cull oy sl yanieis
Gl b Gel8 S8 ol 4 WA
oo Sl 5l (Y5l coml Cudgrse Su (0l paciis
Sl cama il ol el Lakis 4 O )le a0 8o
235 s (S By o250 S L ]
s a4 Gl 5 Al s 055 oo cal 3929
Iy osly oedaw jo o 2gh cnl yo wils ol G 000
walod ) 5,15 oo

alobo il ol iy 5,1 ~A-F

sgooasld Jig, —O-Y-

)b LS"“’I o dg>g0 jemeoseld Laid 4l
et |y aelgd g ookl [8] o, 54l TokenRegex Iyl 5l
W“"‘Scs" 6}L‘“°°L“—| )‘}.ﬂ

$9) » omi‘:€5>|).|a )woa.clé Lloluw ‘5.»[.;‘)‘)\ don s
9 o)|9 CJG...» )Q ] 85; &;:.im:b walo A.CM JS
Sled el oals (3155 (V) Jgozr 5 (V) Jsozr 5o o)l
(;9 Yl.» (509~L>U PH O”‘ 8o cﬁl‘é)‘sc )UQ&‘ as )9.‘0

sl ol o S5l

bl gy —0-Y-Y
dcgeze JS (53, y oad >yl 6)L°—‘ Aol bl dmis
N Sle g oy maw 0z py ge SSaa wsb

U’»’“ )l a5 )#QL@ Wl s U:’)‘)f (N 3 ) LgLan‘.\:;-

¥ 2be ) 5l YA Jle

&

ol Bl 08 o I8 Al SO o S e <8
FSem 2 sl pl Jlo sl STaS el ) (S
L ol oosidsdpn wails objsel slaosls b 5 Lacu o
Ol atbolids 4 6,5 o0 S ez oo o0 o5 S
Blelos iy cpl s S o GLLs S 4 lgicdy gl
oedu Jalds Cood IR 5! LS"L@r“M'*—’, emilj]a
‘(w.]a.uc uI)L& > G}-M.A 9 )52.4;.»\.\»).@_9 JALM:) )BZAOA.CG
slagtalosl sl b aslsl 5 5580 S5 Loyl o 5
ge g_s"l"))‘ EY cd.iné_>|).|o 5.)‘34.::94_7'“ )l oolaw! b sowis

R G

ELBTIE
oslaz.l S,90 s’Li))‘ L_gLQ)LA.x.o L59IM LY ‘M‘ w?o dl )
Llolw )l solazwl la aslolus ‘:Lv))‘ al...v I8 cd ‘WJJ‘.JJJ‘SA
slaiboln plo L1y oads 2l &bl o,Sles colgy
oS (oo Ay lBe 009y w2l )3 Loyl ) ooliiwl Sl a5 3924
k-fold cross-validation _%g, a b obj,l sles
6‘).) 9 @‘-’ ).,')_) k )‘AM {LRF u,«ou 6|JJ FURPRW ﬁbul
SHigel 830l gt poe a5l Jodody (eae 8
J.A.C )Lg BY) el o0l w)f)b.) e o&l.g).ﬂ)_; )‘J.E,c Q’.’"
9 55 b my cgslee iSu k4 leools (gapends
Gl 00l (45,135 F1 g ¢ glgzl 8 ccdo slolade nKilee
o331 ) dmogte (o3 b pognyloline 9,5 et sy
oy W pliebl mlaw b i Student’s t-test G)LJ

el o0l solau]

bl slaylne -0-)

b oo b &lel S o Sloe 048 _asuine a5 ] sl
ol 0,8 Ohse b)) cenl p3Y (il g ojlail ax
0ol o S n 03listal CONLL o3l g, 51 oy
29dse SIS FL oo o Gl 80 280 Loae a3
el ol 5 50 Lo aw ol Ao dlayl,

Teve sl aseis slass

Cdy =

b asis JS olows

o &Lﬁf__z....'i slass

Sl =
Sy slacusgzge Slaws

! precision

2 recall



0.74 0.62 091 obes
0.84 0.79 0.89 &b
0.90 0.84 0.98 e e
095 091 0.98 RN
0.83 0.76 0.92 Js

& ylee aaw — g5kl Blobw o Lsx(d-Jguz)
(Table-5):Statistical system results — phrase level

FIL | Glggld | cdo | cudgrggy
0.72 0.65 0.80 Rl
0.82 0.81 0.82 ol
0.70 0.67 0.76 Slosbe
0.66 0.61 0.72 o
0.74 0.71 0.77 &
0.79 0.75 0.83 S @l
0.91 0.91 0.92 SN
0.75 0.72 0.80 Js

Gobol g yammocacls b yig) s i —O-Y-Y
Srs S Sl jymeoacl Jao 2g)5 5 [14] Gillas
51 ool 136 vy sl g meo,S solitl CRE Juw o
L% 0l s (T cnl 5l eslinl g )b S 1) Joe o]
ol &5 wes e lid obs,l @b esle T 51 solial
aely3 CRF Jue a5 ol ol allice ol s el 08,55 ]
o330l T olk an T3 o 1) jemmacacld sy 5o esdisy p5
G B 53 03lg yoa> pae by jeas 5l ioren ol ong
SRy S olren pledeS S5 el slacussz g

G0 ‘5).35.31.1 -0-Y-¥
G0 A 5l 6l Bree 5T Slapk s A5 >
igal 82l 5l g ol 2 4 aime plosil ) (6 S0k e
Slasialei] wijls Jsome (pdle 6550k DI 4y s
2l g0l plogl k=10 L 5 k-fold 5l solizl L |, b o)
s 3 eslitl b o S 5l eolitel o0 logiales]
2 abet Sled Shy (9938 Loy CRE Joo (255
el 03 555 (V) 6 %) gl Jyas

50 a8,be0 LSTM  pac &0 8w b))l gl
o3l &Ll (V) Jsuzr 5 () Jgoz po o)le 5 03l gl 50
Slowdaa i in 3l (She e 3l Dbl ol
s ol Boly o Ay oras AU LGl s sl

w28 4 g bl Bl 51 ooliiul b el mciio b Jgo
Wi l o S o Sawd (6 SYLFL aseiiiye g Sles
o Qaygf)}g colaSamjo Jdoas as wao o lis
kol aelg 5ol a4 G0 (o bl dlelw cosloasgeame
oS gleaabad olass sl oulds o) Glaudg> g0 (mSeis
5SS wiloads astive odlsdsseze 10 Hlo) ez b
Olsd 555 a5 b yo wo3gr ol Slacudsz e glsil plo
Sl SleFhs o e 4y el 0 Codezse cul ol
23 890 50 Lasl 039 iz L5l S oz 2 )
ol b sas aseie slaaskd sl a5 51 L gy ol s
7 ) blusszse plo jl 5pS 03l dsgerme 3 oz »
cde ol sl sty YL Slg 8 g 2o wog (k)
lp (panis aelsd Sz 5 Sl 35S 4 el 0]

RO oy e 2 99

ojlg b 0 - ygmxooueld Lilolw gu (Y- Jguz)
(Table-2):Rule-based system results — word level

FI. | G318 | < | codgzsn gy
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048 | 033 0.86 e
085 | 075 0.99 S il
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065 | 055 0.81 Js
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(Table-3):Rule-based system results — phrase level

F1 Sl | cdo |cudemge gy
0.58 0.44 0.86 ]
0.74 0.69 0.80 ol
0.63 0.54 0.75 abesle
0.66 0.52 0.92 ok
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0.85 0.75 0.99 klea éJl,.a
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(Table-4):Statistical system results — word level

FI | Jlgal | e8s | cudgzge g
0.82 0.73 0.93 s
0.83 0.76 | 090 ol
0.83 0.75 0.93 Slesle
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(Table-8):Deep-learning based system results with CRF output

as a feature — word level

F| SIS | ed | cadgmge g
0.86 0.91 0.82 e
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(Table-9):Deep-learning based system results with CRF output

as a feature — phrase level

FI. | Slesl3 | <8 | Cudszge g
0.77 0.79 0.74 A=y
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0.52 0.51 0.54 olej
0.70 0.68 0.72 &b
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0.85 0.82 0.88 W
0.78 0.77 0.79 Jz
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(Table-10):Hybrid system results with cluster number as a
feature — word level

F1 | Glgald | e3s | cadgzge g9
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(Table-6):Dceep—learning based system without

features — word level

F1 | Slel | <o | Cusgzge gg)
0.81 0.77 0.86 AR
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0.81 0.79 0.83 Sl
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0.70 0.67 0.72 gl
0.58 045 0.82 Al b
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(‘Table-7):Deep-learning based system without

features —phrasc level

FI | Jlgplp | e | codsmgegy
069 | 067 | 071 ey
073 | 076 | 070 ol
059 | 063 | 055 olaste
013 | 013 | 014 obs;
044 | 050 | 039 d b
003 | 003 | 003 Sl @l
004 | 005 | 004 SN
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Confusion matrix
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(Figure-4): Confusion matrix of the named entity recognition
system (columns arc the truc labels and rows arc
the predicted labels)
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(Table-11):Hybrid system results with cluster number as a
feature — phrase level
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(Table-12):Comparison of the proposed method with the
previous works
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