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S @2%.5*:0.5 G*'D, /1- P961- (@GP, partof-speechiagging .* %*u*,( *:,($ 4,( .5 u(,/$%92"93+50(
15, @2*A*"6(.:( B-.$%); C+D..(; %($2&"#*$("%*/& P*6&+5. #*/$%)3$3+$16"(>1(<%129(-/); /5;
60 *($ ,( 8% 51=, 2$'(1: /"921$(/$p*/D2$.5; /1- 2"13+)u(/l; @GP 6$(/5, *++5,$%)
6+D..( , 21- '( (A$121$1=4* 2"1.66.%$;, %-":0; 3(.$. pd,*; .* 8%(,-. H(/$%4;2("(/&*$; +AA*O,
(word embeddings %($3('$& ,*-"0,$%& 8:%/-( (deepneuralnetworky, 3*+/$D,1,/(; /( (21/*+4. p(/(
2(+($9/%"0, *"6(.$D, (J1+4+52011;E(22&; 2008;1"1,&%5; 2006;G(+(%(.$D/5; 2005)

1.1! #14.,4@PB#48Q<Bu@78J

F12"93+5u( (>1"& /5, (/$./1:#5.5 p$(;) %(R*"$..9/*"0, */$%*/D,(tagy K*'D, /1- +961-.* %&™*
+4A5,9; -,9+1- %*#4,0, (1"1,&%5; 2006) F12"93+5u( *:,($ $8$(:/*"(.=,*/1 8$9/F :8$(+4AF21"*:
( ()%*$ .* 85(>1"*/$%Y4"1; /1- +961-(,&+16( p* /( .- p>"(L9u*& /5;. @2:.5; 4,( +*A$%9 )/( ,
8=.901+1( %(+=U*9+*; /$; +4A*$p$(; 6+D..(; , (>1= p* /5 2&"181/1- #"9,1- 2"1./*/($  %($,1="$*;
+4A*$/5, 6+D..( ($8B(/*"( [*#,$%19"1Y %o(R21™: ( -2&"#1-, +4A*$21- *p>(,:L1,/($ 21+=.2&,%(.
O,( #("(%/5"$./1$%A2+9 2("&8*$Gu( *:,($ 5#"). 5/5; +4A5Q1E2("(%&/0:

¥ @:8782'8.$,184,/"1. (78 &™'1)
¥ (8 *:2*./1, C$D"61(78 (,/0,- ()

V20; >(,*/($ , 5 +4A5Q1E (++&L*¥1 p4"l; /1- +961-/5; (,&+16( W+ /( .- p>"(L9p*,& /5;. T++1
2("&8*$qu( *:,($ 5 +4A50(2&"0 Q 21- 21" (U5, *P>(:L¥ ($.* %&21$EASWNE1= *>(,:./5%*
2"9.>(/( ./5, *++5,$%p+D..( .

1.2 #14.;4@PBN->408678J9/7B p@78J

</( 2+(.$( 2"15617u*,0, *"6(.$D, , %-":0; (J1+4+52011) (,(2/=#'5%* 4,( .=./5 p( 3(.$. p4,1 *
[(A$,1u5/) p463$./5; *,/"12:(; (maximumentropyclassifie), /1 121:1*2%/-6#&,*H"%*/& -U5+&*2:2*8(
1"9/5/(; . F1 .-6%*%"$4,1 .=./5 p( *%02($8*=*/($.* #*$"0,(%/$%&2$.5u*$0u4,( %*p*,(, 85+(8)
%*u*,( J( 121:( 1$.0./4; */$%A4/*;(u4"5 /1- +961-) /0, +4A*0,4#1-, .5 *$0™*: (29 (,""'D21 -;. CH(
%&* +4A5/5; 121:(; 2"1.2(*: ,( W(/AU*$ /5 .0./) *I$%4/( #'5.$u121$*:$8$9/5/*; (features)21-
2("4#1-, 2+5"1>1"*; 6$(/5 pl">1+16:(/5; :8%(; /5; +4A5;(++& %(BH(/$; +4A*$21- 3":.%1,/($ 6="0
/5;. 1>1= 1 /(A$,1u5/); 8D.*$ */$%A4/*.I5; +AA*$*9; %*#4,1-, 6:*/($ *%/0, -./4"0, *2$.5u*:0.5
(metatagging) @ 4,( 2"9.*/1 -21-=J/5 p(, /1 121:1 #"5.$u121$* +*A$%P0($ #*$"0,(%/$%&
%(/(.%*-(. pd,1-: %(,9,%, 1$121:198$1"D,1-, 2.# %1$,&&'5 /1- /(A$,1u5/) . F12("(2&,0 .=./5 L(
#'5.$u121$)5%* 0; (>*/5™:( (-); I5; *"6(.:(; .
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"#$%82: 725,- '2/- 1/3u*%/+,+,45184/61"&4-95",- U*(8,- 91%8,4/+#*' %/ +

1.3! ,7:08.

?2$./9#13$/5; *6(.:(; )(, 1H%9+1-'1%

¥ o1(2((606)  %($(,(%(/(.%*-)

[1- 2°15617%1- -y u(l;, DS* ( *.($ 2$1*=%1+(

*2+06/&. Bl P* 2("(2&,0 (+61"' ul-;, 8- L$%P'S' N9 %(/561"$D, %% *$.(606) ,40, $8$1/)/0,.

¥ I".5 40, $8$1/)/0,, 920; 8%(,-

. M(/$%42("(1&.*S;  +4A*0, 6$(,( 8F*"*-5"1 (, .- u3&++1-,

J5 3*+/:0.5 /5; 1"9/5/(; 10, /(A$,1u5/D, .

¥ IA$121:5.5 2"9.4/0, w980,

US#(,$%); P&'5.5; , 920; /( M29 <-)%5 F-#(:( E*8(

(Conditional RandomFields %($( Q('$& R*-"0,$%&N:%/-( (DeepNeuralNetworks.
¥ Q*+:0.5 /5; *%/0, -./4"0, *2$.54%0.5; (metatagging, U* ./9#1 /5 3*+/:0.5 /5; 1™9/5/(; /1-
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S*B(:( A#Y5, 2("(%&/0 81):

J*>&+($11: @$.(606)./1 2"93+5u( %($2*A)65.5 /1- 2"15614%,1- .-./) p(/1; .
J*>&+($1 2: K*0"5/$%9-293(""1L  Yo($#*/$%42" 156 1% *; 4" *; |

J>&+($13: E*"$6"(>) /1- .-./) w(/1; /5; 2("1=.(; *"6(.:(; .

J*>&+($14: E*"$6"(>) 2*$"(U&/0, Y%(KAS$L1+965.91- /) u(/1; .

J*>&+($15: <- u2*"&. p(/( %(R"1/*$,9u*,5 pr++1,/$%4"*-,( .

J*>&+($16: E("&"/5 p( p* +*ASYED'0, , *-"*/)"$1 *$%9,0,%(R$,&%0,2564;%+2



2.1113407.=: N-:Q@F48-@.,017.=BR4196@

C$(/5, *2$+16)(+61"' 0, P&'5.5; (++& %($$8$L/)/0, #*$&./5%*$SSS(:/*"( *%/*,); 3$3+16"(>$%)
4 (< () /5, <951 20" NS 1$2564:21- 31)5.(, 5, (,&2/-A5 /1- /) p(l; %($
#.$ ¥, *$.(606$%44,, 15*:.

2.1! A4B/. y1JR668.1J

21111 " - ¥(8,- ; *2<Yel/+=$1/+
S *2$.51%:0.5 D, /1- +961-(@GP (>1"& /5, *="*5 [5; %(/&++5+5%/$%4} 21- *%>"&L*H pd"1;
/1- +961-%&™*+4A5;V20; (,(>4"5%* 2("(2&0 , 121" ( >CH(S$ ., 4,( 2"93+5u( 21-'( +-,9/(,
WY /5 #).5 *9; *06/*/(ud,1- +*ASYLEH+& S 21+-2+1%9/5/(%($5 W*/(3+5/9/5/( /5; 6+D..(; 8% /1
*2$/"421-,. C$( (19 /1 +961 #'5.$u121$1=/($ %-"0; (+69"$'U1$ U5#(,$%); P&'5.5; . O,( (2+9
2("&8*$GU( *2$.50%:0.5; *1,($ /1 2("(%&/0 :

, Koplo , , , Inueio

(0] Nikog Sladwvnoe poadl ™mg

I"H$9683 >%688'0% '&29)*" 1U&*" - |1(8,-6 #*'|L%/+:
E1++4;>1"4; 182("(69 W**; */$%4/*#'5.$u121$1=,/(S(, $8$9/5/*6$(2$12*":2+1%(2"13+) u(/( , 920;
521.(>),$5 *,1$D, %(% (,&+-.5 .-($.) u(/1; (Wiriyathammabhumetal. 2012 Qian etal. 2015)

2.1.21:1" 4 19%42/(&, ?2+@9&2#/A"&%9,/%4:0&, B'S C+%D5E+F&(&*)(&

V20; 2"1(,(>4"5%* , /1 2"15613*,1 .=./5 p( 3(:LH($ * /(A$,15/4; pd6$./5; *,['12:(; (J1+4+5
2011) E"9%*$/(36$(8$(8*8114,5 14'181 *2$3+*20* 5: P&'5.5; , 21- 4 "5 . SU121$5™: *%/*,D; ./5,
@GP (Ratnaparkhi 1996¥6($2*"$6"&>*/($./$; 2"1561u%% *'6(.%; . W; *%/1=/1- 8% 2*"$6"&>*/($
2+"($/4"0 *8D.

F(.-.) p(/( @GP.-#,& #'5.$u121$1=7*2:.5; J"->& G("%13%(,& G1,/4+( (HiddenMarkov Models
HMM) (Cutting, et al. 1992)) G("%13%(,& G1,/4+( G46%./5; @,/'12:(; (Maximum Entropy Markov
Models MEMM) ) M29<-1%5 F-#(:( E*8:( (ConditionalRandon¥Fields CRF (Lafferty, McCallumand
Pereira2001) /( 121:( *2:.5; 2*"'$6"&>1,/($*%/*D; ./5 3$3+$16"(>:(F( p1,/4+( (-/& *A*/&L1-, /5,
(&*5 *$%*/D,. -, 1+$%&6S(9+( /( J1$#*:( pS( (%1+1-2(; (/5, 2*:2/0.) Wi, 1$; +AA*SUS(;
2"9/(.5; ), (/:™*I( (29 /1-; I(A$,1u5/4; p46%./5;*,/"12:(; (%(R++1-;(+61™"' pl-;), 21- (21>(..L1-,
A*#0"$./1& 15, *I1$%4/(%&™*./1$#*:1- (+4A5) /5; (%1+1-"(; .



2.1.3! ;-F&%:6 H"&% u9489B'/,452".-6

<* %&21$(29 /( 2*$"&u(/( /5; *"6(.:(; , #"5.$u121%1=,/($*2:.5; G5#(,4; NS$(,-. p&/0, M21./)"$A5;
(SupportVector Machines SVM), 21- 2("1-.$&L1-, .-#,& $83(/*"( %(+4;*2$89.*$; .* 2"13+)u(/(
*2$3+*20*5; p&'5.5; %(R*"$6"&>1,/($*2:.5; *%/*,D; ./5 3$3+$16"(>:(Burges1998)

2.1.411&D"9 J*+28% " "#H (#4+&

S (=A5.5 /5; 8%$('4.9u5; -21+16$./$%)$.#=1; 5 8$(*.$p9/5/( /*"&./$0, .-,9+0, 8*81u4,0, , (++&%($
5 (,(%&+-U5 ,40, /*#,$%D,*%2(:8*-.5; *24/™U(, /( I*+*I(:( #"9,$( /5, *%2(:8*-.5 R*-"0,$%D,
N$%/=0(NeuralNetworks RR) 21+=2*"$..9/*"0, *2$2480,.* .#4.5 p* /( 8:%/-(/1- 2("*+'9,/1; . F(
C3('$&E ,4( ,*-"0,$%& 8:%/-( 4#1-, .-#,& Y%(+=/*"5%$%(,9/5/( 6*,:%*-.5; (29 /( 2(+$9/*"( %¥/.$ 4#1-,
6:,*$$8S(:/*"( 85ul>%+)./5, @2*A*"6(.:( B-.$%); C+D..(; (Collobert%($Neston 2008Goldberg 2015)
%(F1-; 2*"$..9/*"1-; [1lpr:; /5; F*4,5/); R15ul1.=,5; . S 2$18$(8*814,5 p4'181; *%2(:8*-.5; *,9;
*-"0,$%1=8%%/=1*:,($ 5 (,&./"1>5 8%$&81.5backpropagation921- /1 .>&+u( 21- %&,*$1 8:%/-1.*
US( 2"93+*U5 %(/& /5, *%2(:8%.5 8%(8:8*/($.* 9+1-; /1-; *'D,x; [1-, (29 /1 *2:2*81 *A981-
(& 1"1>( 0; /1 ("#$%92:2*81(LeCun etal. 1998)

2.1.5! K%&A42/@/)/4/3%8&*+28%"#H (#4+&

GH(*$8%%p(/561":( RR*:,($ /( (,(/"1>181/1= p*,( ,*-"0,$%& 8:%/-( (recurreniNeuralNetworks- rNN)
(Lipton 2015; Graves Fernandezet al. 2006;Graves 2012)S 4A181;*,9; rNN (./5, 2*:2/0.) u(; 5
2"93+*U5 6$( /5, */$%4/(/5; ["4#1-.(; +4AD5) *A('/&/($ 9#$N9,1 (29 /5, *..181 (/$; $8%$9/5/*;/5;
["4#1-.(; +4A5)/%($0, 6*$/1,$%D5; +4A*0) (++&% (K29 /5, 2"15614*,5 %(/&./(.5 /1- 8%%/=1-
N$($.5/$%&5 2"15614*,5 %(/&./(.5 [1- 83%/=1-%08%$%121F+5"1>1"*; #*/$%4; u* 9+*; /$;
2"1561**; +4A*$;21- 920; *:8(u* *:,($ #").S u*; %(/&/5, @GP ((++&%($* &++(2"13+)u(/( ).

O,( 2"93+5u( p* /(| NN *:($ 20; %(/&/5 8%(8%%(.:(/5; (,(,40.5; /0, 3("D, p* (,&/'1>5 8%&81.5
1) u( /11- >&+u(/l; -#,& *A(™*  J(8B(%& (%(D; p*/(8:8*/($ (29 /1 /*+*-/(:1 *2:2*812"1; /1

2"D/1), +960 21++(2+D, 2("(606:.*0, . C$(,( (,/$p*/02%./*: (-/9 /1 2"93+5u(, 4#1-, 85u$1-"65"

*$8%%4u1">4; rNN, 920; /( GatedRecurrentUnits (GRU) %(¥( Long ShortTerm Memory (LSTM), 1$
121:*;*2$/'421-, /5 8%(/)"'5.5 () (218-,& n0.5)/1- .) p(/1; /1- >&+u(/1; %(/&/5, (,&./"1>5 8%$&81.5
(Lipton 2015;Graves 2012)

2.1.6! ;*42"#:6 K."I0$1-,-6
</5, @GP#'5.$u121$1=/($-)'0;  /( (%9+1-( pa/"( (A$1+965.5;

¥ ?"9/5/( (accuracy. ? +961;/0, *2$/-#5u4,0, 2"13+4U*0, (.0./D, */$%*/D) 2"1; /1, ("$' p9
/0, .-,1+$%D, 2"13+4U*0,.
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¥ 19%":3*$( (precision (,& %(/561"( (W4"1; /1- +961): F1 2+)'1; /0, *p>(,:.*0, +4A*0, 21-
%(/*/&65.(, .0./& /5 .-6%*%"§4,5 %(/561"( 2"1; /1, ("$' W9 /0, *p>(,:.*0, +4A*0, 21-

1" #$%'()*)+$( )
"#$ WON+S( , - /($ WON)+S( /]

¥ 1,&%+5.5 (recal) (& %(/561":( (u4"1; /1- +961): F1 2+)1; /0, *u>(,.*0, +4A*0, 21-
%(/*/1&65.(, .0./& .J5 .-6%*%"§4,5 %(/561"( 2"1; /1, ("$' pO /O, *u>(,:.*0, +4A*0, 21-

I"#$ %' ()*)+$( )
"#$ ®O)+S( , -($ BSLA)+S( S

%(/*1&65.(, (0J& ) +('( pa()./5 -6%*%"B4,5 %(/561":((

2"(6 W(ISY&,)%1-, /5 -6%*%"§4,5 %(/561":((

2.2 E.Q<.8;4@P.=B-./=:-0/0 )-./0 nl1l23/0J &1456 789%:;89

O,( (29 /( 2"'D/( 6,0./& .Du(/( %*#4,0, ,/1 Brown Corpus *2$.5u*$D'5%*#*$"0,(%/$%&* p4"s /1-
+961- /5 8*%(*/:( /1- 1960 (29 /1-; Francis%($Kucera(Meyer 1996) G:( (29 /$; 2"D/*; (292*$"*;
(-/9 W(/5; @GP, /11 .=/5 p( p* %(,9,*; /1- Greene(Greenel971) p* 21.1./9 1™9/5/(; /1 .=1+1
(A$1+965.5%1,/&11 77%.

E1+=(2181/$%42"1.2&"*$*; (-/9 u(/5; @GPp* J'->& G("%13%$(,& G1,/4+( (Kempel993;Cutting et
al. 1992) >/&,1,/(; 2*:21- /1 96%.* 21.1./9 1™9/5/(; .J( %*u*,( (A$1+965.5; X85 /1 19944#1y*
/5 #).5 F#,5/D, R*"0,$%D, N$%/=0./5, @GP, /( 121:( %(/(>4",1-, ,( *2$/=#1-, .#*89, /1 :8%1
21.1./9 1™9/5/(; (Schmidt1994) To 1996#"5.$u121$*:/($/1 pl,/4+1 G46%$./5; @,/'12:(; /1 .D p(
%*#4,0, PennTreebank (Ratnaparkhi 1996) p* 21.1./9 1™9/5/(; %1,/& /1 96,5%. O#1-,
#'5.$u1218$5™: *2:.5; G5#(,4; N$(,-. p&/0, M21./)"$A5; (SVM) ./5, @GP p* 21.1./9 1™9/5/(;
#*89, 92%./( C u(,$%&Nietzio 2002)

O#*$H:,*$#").5 M29<-1%5 F-#(:0, E*8:0, (CRPF 6%(/5, @GP.* .Dpu( %*#4,0, p* *"0/).*$; (29
/1 N$(8:%/-1(Subramanya, PetrandPereira 201QR*/-#(:,1,/(; 1"9/5/( 87,6%5 121:(*:,($ $8B(:/*"(
-U5+) 6$((-/1= /1- *:81-; .Du(/( %*#4,0, . 19%9u( pb(2"1.2&*$( 6:,*/( $u* /5 #").5 CRF.* 6(++$%&
%*u*,( , 921- *2$/-6#&,*/($1"9/5/( 97,7% (Constantand Sigogne2011) S #").5 CRF (%u( %($*
+$69/*"18%(8*814,*; 6+D..*; (Amazigheb G("9%1) p21"*: ,( 2("&6*$21.1./& 1™9/5/( ; %1,/&./1
86%, 2*":21- :8$(u* (-/) 21- 8:,*$5 #").5 SVM (Benajiba RossoandZenkouar2011) C*,$%9/*"(/(
CRF-U5+D, /&A*0, 8*:#,1-, $%(&,( 2*/=#1-, 1"9/5/( &,0 /1- 90%.* 21++46+D..*; (MVler, Schmid
andSthtize 2013). S #").5 pl,/4+0, p463$./5;*/'12:(; >C,*($ ( 315'&*$.* #*/$%&u$%"&D p(/(
%*#4,0, %(H( *2$/-6#&*$*,:1/* 21.1./& -U5+9/*"( /1- 98%(Ma andHuang 2011)

E(" ®+121- 8*, #'5.$u121$1=,/($-#,& ./5, @GP, 1$6**/$%1(+69"$' p1su21"1=, ,( 2*/=#1-, ("%*/&
%(+&21.1./& 1"9/5/(; 96,68% (ForsatiandShamsfar®2014) S #").5 83(>1"*/$%1=,9+1- */$%*/D,
(tagset p*'D, /1- +961- p21™: *2:.5; ( *$.#=7*$/5, 1"9/5/( /0, (+61"' p0, @GP (Moore 2015)

G*/& 11 2012 4#*§("#:.*$ ,( 6:,*/($ $8%(*"( .-#,) 5 #").5 R*-"0,$%D, N$%/=0, %-":0; +960 /5;
8$&81.5;/0, Q('$D, !"#3$/*%/1,$%D,G&'5.5; (Deeplearning. Q+421u* 20; 1$,4*%; ("#$/*%/1,$%4;
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R*-"0,$%D, N$%/=0,*2%$/-6#&,1-, $83(:/*( -U5+&21.1./& ./ 5, @GP .* 21++4;6+D..*; (Carneirq
FrarraandLima 2015) P960 /0, 21+=%(+D,(21/*+*. u&/0, 21- *:#(, /( R*-"0,$%&N:%/-( %(H CRF,
(,(2/=#'5%* p$(2"1. 466%.) 21- /( .-,8-&L*$ %(P( 8=1 (DurrettandKlein 2015)

? Manning.5 p*$D,*$20; /*+$%8&5 u(.:( 8*, 4#*%/5, @GPu9,1 5 *2%$+16)8%(>1"*/$%D(+61":" uO,
u&'5.5; %($58$1/)/0, *%2(:8*-.5;, (++& %(H *2$+16).0./9/*"0,  %(/561"$D,(1*'D, /1- +961) %($
%(,9,0, *2%$.5p*:0.5; (Manning 2011)</5 .- 4#*3$( (,(>4™$ 20; :.0; '( 42"2* ( *./$&.1- p* ./5,
1"9/5/( @GP (,& 2"9/(.5 9% ($9#$(,& +4A58$Y/RUB( 2+)'0; .0./& *2$.50*$0ud,5 2"9/(.5 8:*$
WB(+=/"5 (A:( J$; *>(" H164;921- #'5.$u121$*/($ @GP

F( A+1G( #'9,$( #'5.$u121$1=,/($*-"40; ./5, *2*A*'6(:( >-$%); 6+D..; (%($/5, @GP
8%(,-. u(/$%42("(./1&.*$; +4A*0,(wordembeddings(CollobertandWeston2008;Mikolov, Sutskeveret
al. 2013;PenningtonSochemndManning2014) 21- (2*$%1,:L1-,+4A*$p* 2("9 p1$*;.5 u(.:*; ) .=,/(A5
* %1,/$,&5 p*:( *,9; 21+-8%&./(/1- 8%(,-. U(/$%1HD"1-. E("9 pu1$*;8%(,-. u(/$%42("(/&.*$; *#(,
#'5.$U121$5"*: % (R (+($9/*"( .15, @GP (SchYtze 1993)6(K%u( ,0":/*"(  ./5, *2*A*"6(. :( >-.$%);
6+D..(; 6*%$%9/*"((Rumelahart, HintomndWilliams 1986) </5, 2*:2/0.5 /5; @GP, 5 8%(,-. u(/$%)
2("&.1(5 p$(; +4A5./5, 121:(2"42*$,( (2181*: */$%4/(pd"1-; /1- +961- 21" ,( #'5.$u121$5™:
0; 8%&,-.u( $8%$1/)/0, /5; (featurevectol, *, 8*#1u4,0; * .-8-(. M9 p* /$; 8%(,-. n(/$%4;2("(./1&.*S;
/0, 6*$/1,$%05; +4A*0,(Wang%(#Manning 2013Ma, Zhandg6(&hu 2014)N$(,-. p(/$%42("(./&.*$;
+4A*0, u(L: P &++%:$8$9/5/*u21"1=, ,( 8D.1-, p4#"$97,5%1™"9/5/(; (Tsuboi 2014)!,(>4"*/($ 20;
5#".5 /0, .-6%*%"f#4,0, 83(,-. u(/$%D,2("(./&*0, +4A*0,u21"*: ,( 315").*$ $8I(:/*"(.* @GP6%(
+4A*$21- 4#1u* -,(,).FS %(/&/5 %(/(%*-) [1-;, (++& 9#P6S$(&6,0./%; +4A*$(out of vocabulary
wordg (FonsecandRosa2013)

E"9.>(/( -2)"A* *u2+1-/$.49; /0, 83%(,-. u(/$%D, 2("(./&.*0, +4A*0, D./* ,( +(u3&,1-, .*
6 (+=/*"1 3(' u9 -29U5/1-; /5 p1">1+16:(/0, +4A*0,(CotterellandSchvtze 2015;Luong Socherand
Manning2013) @2:.5;, 5#").5 2$12*":2+1%0, ("#$/*%/1,$%Dy&'5.5; 6$(/5, 2("(606) 8%(,-. H(/$%D,
2("(./&.*0, +4A*0, 920; /( ',(/"1>181/1= p*( R*"0,$%& N:%/-(, *24/"™*U* /5, 2("(606)

8%(,-. U(/$%D, 2("(./&.*0, Jo*2:2*81 #("(%/)'0, (characterembeddingy. G$( +4A5u21™*: (

(2*$%1,%*: p* /1, .-,8-(. M9 8%(,-. u(/$%D,2("(./&*0, /0, #("(%/)"'0, 21-/5, (21/*+1=, (Ling,
Luds, etal. 201%; Ling, Chu-Cheng etal. 201%). H8:0;.* 6+D..*; 920; /( J$,4L$%U21"*: ,( *2$/*-#*:
F1lscore91%,21- *:,($ ("%*/& %1,/&/( .=6#"1,( CRFpl,/4+( (Zheng ChenandXu 2013) </( H2(,$%&
1.-8-(. H9; 8%(,-. u(/$%D,2("(./&.*0, +4A*0,%(B("(%/)"0, 18)65.* .* F1 score82% (Santosand
Guimarae2015) <* &++*;6+D..*; 920; /( '66+$%E&C*" U(,$%&%H(FEL"/16(+$%&/( (21/*+4. u(/( /5;
#1.5; 8%(,-. u(/ $%D2("(./&*0,  #("(%/)"0, %u(:,1,/($ .* 21.1./& 1™9/5/(; 97%98% (Lin, etal.
2015; SantoandZdrony 2015; Labeau, LosandAllauzen 2015)
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2.3! )-/ 0p123/0 &1456 789%::89 /7@)<<06.=>
S 4%/(5 /5; 4™ (; 21- 4#96:,*$6$(/5, (-19 W(/5 @GP.J( @+5,3%&,($ U$%"9/*'5* .=6%"$.5*
*0p*: 521 4#*%: *$.* 6+D..*; 920: /(| 66+B&6(F( C" U($%&21- *:,($ $8S(:/*"( 8$(8*8114,*; .

2.3.1! L *21&,(84/+ :&0&H&.,"<4-

</5 *'6(:( /1,1 G(+(%(.$D/5; (G(+(%(.$D/5; 2005)#'5.$pu121$** *'65/$%) u&'5.5 6$(/5, *2$+16)
$8$1/)/0, %S 2("(8*$6u&/0, 21- P21"1=, ,( 315).1-, /5, *="*5 [5; */$%4/( uS(; +4A5; J(/& /5,
@GP1 (+69"$'uL; *,*"65/$%); P&'5.5; 4#%8 3) pu(/(

¥ </12'D/1 3)p( 1 (+69"$'ul; */12:L*62%(,\D; +('(. 4, ( *2$.505$0ud,*; +4A*${1- .D p(/L;
*062(:8%-.5; %(P$; 2"1/%,*$ /1 #")./5 2"1; 8$9"0.5 .

¥ </1 8*="1 3)p( 1 (+69"$'pL; 2"1/%*$ /1, #")./5 , $8$9/5/+;+4A%0, 1$121:%; 315'1=, /1
8$(#0"$.u9 */(A= /0, p*'D, /1- +961-

¥ <11 3)p(, 1 (+69"$ ul; *2$+46%8 2("(8%:6 u(/( *%2(:8*-.5; 21- pu21"1=, ,( 315).1- , (
6:,*$2$1(2181/$%% *%62(:8*-.5 /1- /(A$,1U5/) .

</5 -4#$( 4, I(A$,1u5/); k-%1,/$,9/*'0, 6*$/9,0, (,(+( pP3&*$/5, (-/9 U5 *2$.51*:0.5 %&'™*
+4A5 [* 5, %(I&++55 */$%A/( 2% *$%4/*: 21- #'5.$u121$1=/($* () /5, *'6(:( 2*"$4#1-,
245"1>1"* 6$(/1 pd"l; /1- +961- /5, %+.5 /1, ("$' MO %(Y¥1 64,1; u$(; +4A5; %b($ul$&L1-,. /1
/< (ud,1 .=,1+1 %(/561"$D,21- '( (,(+-* /5 -4#S$( (/) /5 *6(:( . F( @LF+4. p(( I5;
6 %uG,LA$ .*21.1/9 1"9/5/(; %1,/&/1 79.62%.

2.3.21 L *21&,(84/+ 72/%9#-

F1 2006 1 1"1,&%5; (I"1,8%5; 2006)*24%/*$,%5, *'6(.:( /1- G(+(%(.$D/5. J (/(%*=(* 8-1 4(
*2$.5F 604, (.=, 1+( %*H4,0, *UR(:8*-5; %(HA$L1+965.5; O8*$A*2:5; 20; 5 **"65/$%) P&'5.5
2("1- $&L*$ U$%") 8$(>1"& p* /5, 2('5/$%) /5, @GP 9/(, 1 ("$' n9; 2("(8*$6p&/0, *%2(:8*-.5;
AR5 &FBUS(.-6%*%"fi4,5 /R1) . @2$2+41( *2$.505$004, ( .=,1+( 21- (,(2/=#5%(, ,*#(, 8-1 */$%al*;
6$( %&™ +4A5 G$( */$%4/(21- (>1"& 9,1 /1 pd"l; /1- +961- %($6(/(/&.*$ /5 +4A5* p$( (29 13
%(/561":;, (++8& Yo(SuB(*/$%4/(21- %(/(/&.*$ /5 +AAFH 3&.5 /1 pd"1; [1- +9615 /5 >0,) , /1 #'9,1,
/12"9.021 ,/1 64,1;, /1, ("$' PO %+2 * u$((29 135%(/561":*;. ? /(A$,1u5/); 21- *2$+4#5%* (/)
15, *6(:( ) 4, (+69"$'H1; k %1,/$,9/"0, 6*$/9,0,,1121:T 24/-#* 1"9/5/( 82,73 %./1 p6&+1
=,1+1 %(/561"$D,%($61,/&./1 92%./1 P$%"9=,1+1 %(/561"$D,

2.3.3IL *21&,(&4/+ G&"9
2 E(22&; /5, *"6(.: (/1- /1 2008(E(22&; 2008)*24%/*$,1%q( 2*'$..9/"1 /1 .=./5 p( /1- I"1,&%5
U* /5, 2'1.)%5 8$%)71- -+121:5.5; /(AS,115/) k %1,/$,9/'0, 6*$/9,0, (++& %(H5, *24%/(.5 /0,
~,9+0, *062(:8%-.5; . N*, 2("1-.$&./5%* $8$(*'5 3*+/:0.5 .J( 21.1./& 1"9/5/(; * #A5 p* /$;
2"15611%,*; .
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2.3.4!L *21&,(&4-67/0:0-

S 2$12'9.>(/5 *'6(:( 28&0 .J5, @GP 63( @++5,3%@1+4+5 2011) ?$ %(/561"*; (*/$%4/%) 8*,
&++(A(, .* .=6%"$.5u* (-/4; /1- 2"1561=u*,1- .-./) (1, . @2%+4#'5%(; /(AS$,1u5/); G46$./5;
@,/"12:(;, (,/: 11- /(A$,1u5/) k %1,/$,9/*"0, 6*$/9,0,. ?$ $8%9/5/*; %&'™* +4A5;2"1; *2%$.5u*:0.5
I5UH#BY%(, IS #9055 5 *u>&,$.5; 0, +4A*0, %($0, %(/(+)A*0, /1- * %&™ %(/561":(.
@2:.5; 1$$8%98/*; %&™*+4A5.#5U(/:.L1L,/(, (29 /$; $8%9/5/*/5; :8%(;/5; +4A5(++&%($0, +4A*0,21-
3"$.969/(, 6="0/5;. S *'6(.:( (/) #'5.$u121$)'5%*0; 3&.5 6$(/5, 2("1=.( *'6(:( , %($H 1"9/5/(
21- *2$/-6#& *($ /(2 .=,1+( */$%*/D,(92.72%%($81.55%./1 LSO Yo(r6&+1.=,1+1 (/./1$#( )
#'5.$u121$)'5%*0; "l .=6%"$.5; 6$(/( (21/*+4. p(/( 10, 2*$"(u&/0, 21- 2"(6 n(/121$)'5%(, .*
(-) /5, *6(:( .F1.=/5 pu( /5; J1+4+5#"5.$u121%$**2:.5; 4,( ./&8%$1*%/0, -./4"0, *2$.5u*:0.5;
21- 2*"$6"&>*/($2("(%&/0 . /5, *,9/5/( 3.3.4.

2.3.5! M00*621&,(*6!"™,- P*(8,-6 ;*2<% 4/+=$1/+1"&00-%"#9

O#1-, -2&"A*$*2:.5; *"6(.:*; (Petasiset al. 1999; Harris Papageorgiol2000) @GP 6$(/( @++5,$%&
3(.$. pa,x; /1, *2$.5u*$0/) W'D, /1- +961- /1- Brill (Brill 1995) %($ &++*; (Orphanosand
Christodoulakisl999; Orphanos, et al. 1993yangeloDermatasl 995)
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31(8 ,H/70 p@70J#@48HI@M:@/2@]

<* (<) 15, *9/5/( 2*'$6"&>*/($/1 .=./5 w( /5; 2("1=.(; *"6(.:(; , 21- (1/+* (,(%(/(.%*-) %($
*24%/(.5/1- .-./) w(/1; /5; J1+4+5(J1+4+52011) F1.=./5 p( 4#*$+121$85™:.(, 6*,$%9;-,8-(. M9;
[(A$,1u5/D, , u* (21/4+*. p( ,( p21™: ,( #"5.$u121%$5*: 6$(121$18)21/**:81; /(A$,9u5.5; , *:/* (-/9
(21/*+*: 2"93+5u( @GP, *:/* 2.4 (,(6,D"$ .5 1,1u&/0, 1,/1/)/0, (namedentity recognitior).

3.1 #14.,4@PB!1S8uC636

F( 8*81u4,( *%2(:8*-.5; %(KA$1+965.5;-++4#5%(, ./( 2+(.$( 2(+($9/*"0, *"6(.$D, .!121/*+1=/($
%-":0; (29 &""( ,40, %($>5u*":80, . J&* +AAA#E2$.51*$D *$u* /5, %o(/&++5+F6(/561":(/ud"1;
/1- +961-./1 121:1(,)%*$. </( 2+(.$( /5; *'6(:(; , 19"1; +4A5wordtoken) '( (,(>4™/($ %($/(
Spr( A5 ('S pl=;, *$8$%& u31+( %(FA4,*; +4A*S21- 21" (-, (/5'1=,  ph( * 4,( Yt 1.

?2$.-,1+$%4;*u>(,:.*$; +4A*$0, 8*81p4,0, *%2(:8*-.5; >/&,1-, /$;23675.@2%$2"1.'4/0;, &++*;7.878
+AA*SH"5.$11218)'5%(, 0; 8*81ud,( (A$1+965.5; EA"(, (29 /$; +4A*$/1 .=./5 p( p21™: ( 8*#/*: %($
4,( +*A$%A 121:1.-#4:L*$ +4A*$Lr p$( 19,1 %(/561":(. F1 .=./5 p( 4495 8-,(/9/5 I( ,( 2("&6*$
(29 9,1 /1- .J(/$.19%4; $8$9/5/*; % ($3(.$%4; $8$9/5/*;/5; pl">1+16:(; u$( +4A5; @2%$2+4]1,/1

=5 p( p21"1=, ( 81'1=, 4/1%r; $8$9/5/+.* ("$' PS/$%)l">) , 1$121:*; p21"1=, ,( .-8-(/1=,
(-14; 21- 2("&6*$/1 .=./5 p( ) %(H( #'5. $1121$5'1=, A*#0"$./& 6$(/5, *%2(:8*-.5 /(A$,115/D, . O/.$
11 .=/5 p( p21"*: ,( 8*#*: %(BS(,-. U(/S%42("(/&.*$; +AA*0,(++&%(F$8$9/5/*21- 4#1-, 2("(6&6*$
&++(.-) p(/( %(%( /%; .-,8-&*$ .

S ul">) 21- 2°42*$,( 4#1-, /( 8*81u4,( *$.981- J1 .= /Sp( *,($ 8=1./)+* .=p>0,( W*/1 2"9/-21
CONLL. S 2'D/5 ./)+5 2"42*$,( *:,($ /1 (,(6,0"$./$%9 *9; 2("(8*:6 u(/1; ,./5, 2"1%*H4,52*":2/0.5
US(+4A5%(S 8*=/*"5 [)+5 [1 (,(6,0"$./$%9 /5; %(/561"(; /5, 121:( ()%*$. ?$./)+* u21"1=, (
* ($ #O"$ pd,*; (A= /1~ @t 121$1,8)21/48$(#0"$./) *28$-u*: 1#°)./5; .

3.1.1! ;"#2$ C3%/0/?&4-1/2"<%

F1 p$%"9=,1+1 %(/561"$D,(21/*+*/($ (29 /( pd"5 /1- +961- #0":; #'9,1-: , >0,4;, 2"9.02( , 64,5,
("$' pl=;) %&218++12"1.8$1"$./$%92.#. 8*$%/$%89"1 , (9"$./5 (,/0,- Ww().!-/9 4#®; (21/4+*. p(
( -2&"#1-, 12 %(/561":*; p*"D, /1- +961- F( *$8%$%& pu31+(, /( %="$(1,9u(/( , 1$A4,*; +4A*$%($
121$(8)21/* (%1+1-":( #("(%/)"0, 21-8*, 21/*+*:/($ (29 *++5,$%1H("(%/)"*; % ($=u31+(.5 p*:0,
LAS5; (A, Ap1=,/( $./5, %(/561":( G&++E ?2$%(/561":*; /1- pu$%"1=,9+1- *.,($ 1$2("(%&/0:

"4 SY6Z) -+ - % 10" 123%845-(6 % 78"9$98U()*+,- %
<=23%%-(6% ?@ABCD28FE3h11JH+)*@4 K"8#C D 186(-LGM*)* Gt
212C0$%?NGAIMENI;)*Gbb  PQDI3DNIERBAM6 TANUAQ288¢GHG %4

. [OHCNSIAI-+)*5% T"O#21INOREBAV-(;, %  'WW$HBE)Y-(%

% % %
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3.1.2!;*190/ C3%/0/?&4-1/2"<%
<t (%5 /1 p$%"9.=,1+1 %(/561"$D, /1 Ww6&+1.=,1+1 %(/561"$D, 2*"$4#*$2"9.*/1-;
2"1.8%$1"$.ul=; /1- p4"1-; /1- +961-p$(; +4A5;!-/1: *.($:

I"$' u9;: E+5'-,/$%9; DPlural @,$%® Singular

BO,) : @,*'65/$%PActive, E('5/$%) PPassive!2("4 p>(/1 Plnfitive, G*/1#) - Participle
@:81&""1- : @u2"9*/1 DPrepositiongl!9"$./1 bBlndefinite ?"$./$%9T""1 DDefinitive.
E/D.5 : ?,1 u(./$%) BDNominative C*,$%) Genitive !$/$(/$%)DAccusative J+$/$%PVocative
C4,1;:1"*,$%9 PMasculing K5+-%9DFemining ?-84/*'1 BNeuter

T%+%$/8,/0,- p(

? -8-(. p9; /0, 2("(2&,0 2"1.8%1"$.uD, p* /$; %(/561":*; /1- pu$%"1=,9+1- 4#*P; (21/4+*. p( (
22&"#1-, .-, 1+$%& 170 %(/561":*;. 129 (-/4; , J( .=1+( 8*814,0, *%2(:8*-.5; %($(A$1+965.5;
-2&"#1-, p9,1 1$117.7?% 170 %(/561":*; 21- (>1"1=, /1 p*6&+1.=,1+1 8*81u4,0, 2("(/:"*/($ /1
EC" &"/5u( /5, *9/5/( 6.2.

3.2 #14.,4@PB!1S8uC636)D:S89

F( 8*81u4,( *A981-*.,($ 4,( L*=61; +4A5:D%(/561"(; 6$(%&™*+4AT1- %*#4,1-. @2:.5;/1 .=./5 W(
>/$&H, *Po(H21'5%*=*$(H( * /$: $8$9/5/%;21- 2(")6(6* , %('D; %b(H("#*:( (A$1+965.5; /( 121:(
U21™: ( 4#1-, *:* /5, (A$1+965.5+61"" pl- (& *21#)/*2(,&+5U5 (epoctiteration), *:/* (,& 21.1./9
[1- -,9+1- *%2(:8*.5; /1 121:1%062($8*=/5% (+69"$'pl;.

3.3! #14.,4@PB, 9/7Bp@78J

3.3.1!1",&1815 #&"G2/-***21&,(& H*)/ 1:%8%

@&,8*, 4#1-, 81™*: 1$%(/561"*; A*#0"$./&, /9/* /1 .=./5 p( /$; *A&6*$19,1 /1- (29 /( 8*81u4,(. </5
S M( 11 = /5P .2&*$/1 D u( %#4,0, , ¢ (%1+1-1* +4A*0, (,&+16( p* /$; 1856:%; /1- #")./5 .
<I( 2*$"&(/( (-N); 15; *6(. :(;, PB((%1+1-"( +4A*0,*:($ 4,( &1 *>5p*:8(; . K( Y21"1=.* 5 %&"™*
(%1+1-"( ,( *,($ PS(A#0"$./) 2*:181;) p$(2"9/(.5 (++&8*, 81%MR./5%*./5, *"6(.:( .F1.=./5 W
5 - 488( 2(:" % 9+%; 1$; 28 (,4; %(/(+)A*S; uS(; +4AS;u4H ", ( p46S$./1("S' U9 I*+S%D#("(%/)"0,
/5;,1121:1;%('1"L*($ (29 /1, #"). 15, %(FE (21'5%*=*$* 4,( +*A$%D./* ( /$;#'5.$u121$).*$./5
- AHS(, 6% /5, %(/(.%*-) .I(/$./$%D, $8%$1/)/0,. E*'($/4'0 2"1-*2*A*"6(.:( /0, +4A*0, *:,($ 5
W(12)  /1- ¢ 25L& &UU(/( , 5 (3.5 %(/(+)A*0, %(¥1 .2&$Ul ¢ -++(34; , (++& 8%, 4#*$
81%K./*: * (-) /5, *6(.:( .
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3.3.2! G&2&181H"/4548%

F1.=/5 p( 2"1.>4"*$ /5 8,(/9/5/( 85u$1-"6:(; ./(/$./$%D, $8%$1/)/0, 6$(/5, %&*+4AF,&+16( p* /5,
~#,9/51( *u>&,3.5; /5; * u$( %(/561":(. ?$ J(/5./9%4; $8F9/5/%;/5; %&* +4A5; u21"1=, (
2"1.(-A5'1=, W I$; (/.. 11$#*, J(15./$%4; $8$9/5/*65(/5, Y%(/&+5AB5; %&*+4A5. @2:.5; 1 #")./5;
H21™: ( 8$(+AA*G * (4 I$; $839/5/%( 2"1./M1=,  %(SI$(//1SH*  6$(/$: 2"15614%,%; )
*Q0U* %, +AA*SI%OU5 6$(%& *+AAB2& H#1-, Yo(F6&21$%58$9/5/*21- 4#1-, ( %&,1-, P /5 p1">1+16:(
/5; %(R$L-6%*%"B4,( (, 5+4A5

¥ E*$+(u3&,*$("$' 19 (8-(8$%)$8%$9/5/].

¥ EMSH(U3&,*S+(/$,%H("(%/)"( (8-(85%)$8%9/5/.

¥ E*$+(u3&,*$.5 u*:1 ./:A5; (8-(8%$%)$8%9/5/].

¥ E*$+(U3&,*$%P( (8-(8$%)$8$9/5/].

FA+1; p$( (%U5 $8%9/5/(8*#,*$/1 )%1; /5, +4A5;%($%(,1,$%121$(¥ /1 8%&./u( [-1,1]. O,(
#("(%/5"$./$%92("&8*$64( 6$(/1 8$&,-. L $8$1/)/0, U$(; +4A5*:,($ /1 2("(%&/0:

I"#$%0 & %
(*+,-.% P4 \\ N 7
1)0 % 29
123,*2(*+43% yi)
(56.,*+. % 29
(5/.)0 % yi)
43623, *+4%6 29
3423% yi)
327.)(- % 29
1()*+,-.% yi)
1).148+*+4% 29
1)43423% Z[a\ b ¥
4%9.) % 29
19%,90)(,*.)8 % 9
9(8:270.) % c'def %

9(8<(*+36 c'def %

9(8=148%419.%  c'def %

9(8>23,% c'def %

9(82477( % c'def %

F12("(2&,0 8$&- p( $8$1/)/0, u21™: ( (-A5™: 2.4 u* I$; J(I$./$%4; $8$9/5/*:/5; %(/&+5A5*0;
6"&UU(/L; Y%(F5; *29u*,5; +4A5: FO/* '( 4#95, 2("(%&/0 pl">) (6$(/5, *Al$%1B.5 #D"1- 4#*$
285% * N)+*; (++&%(,1,$%& (S 8$&,-. 1( 23W5):
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I"#$%0 &'% @A&B!$#$%CDEF% LMENCD$% O"D&Hb

GAHAI&IJHAR®%' I"#$ %

O0*+,-.% ZNAT @ Z[_g\h% ;()*+,-% Zy
1.)0 % 2y 7% 5-(6% 29
123,*2(*+4% Zy 79 LIH+)J;)*Geb Zy
(56.,*+/. % Zy Z["& 41-+)*5-% zy
(5/.)0 % Zy 7% ;45-(6 % 29
,43623,*+4%0 Zy Z% +GHIJH+)*GH zy
3423% Zy Z[ \bho HGJPb ay
327.)(- % Zy Z9 HIV-(;, % 29
10)*+,-.% 29 Zy L;,0*+,-% 9
1).148+*+4% Zy Z[Zg\hY L(-LGM*)*G Zy
1)43423% Z[aMNb"] & 79 L(GHGX 29
4*9.) % Zy 79 G)Y-% 29
:%,90)(,*.)8 % 9 v

9(8;270.) % c'def % %

9(8<(*+30 c'def % %

9(8=148%)419.% c'def % %

9(8>23,% c'def % %

9(82477( % c'def % %

3.3.3!1"0/15 E&."%-45
G4.0 /1- -/) WL, 8.,*($ 58-(/9/5/( ,( 6. $*%2(:8*.5 %(HASL+9B.5 *,9; *%/0, 2("(%&/0
/(A$,45/D, :

¥

F(AS$,1u5/); G46%./5;*,/"12:(; (29 /1 2(%4/1StanfordClassifier(Manning, Surdeanu, et al. 2014)
@&,1 #").15; *,($ *A1$%*Ha,1; 2"16"( pu(/$./$%&u* /1 2(%4/1/1- Stanford /9/* p21"*: (
#'5.$1121$).*$121$1,8)21/*/(A$,1u5/) -2&"#$.* (-9 .

M29<-1%5 F-#(: ( E*8:( (29 /1 2(%4/1/1- Mallet (McCallum and Kachites 2002p($Stanford
NER (Finkel, Grenager and Manning 2005)

Q('= R*"0,$%9 N:%/-1 121$(.8)21/* 81y); *2$/"42*/($(29 /1 2(%4/1deeplearning®.

@, (+( p3(,9 p*,1 R*-"0,$%98:%/-1, (29 /5, -+121:5.5 /1- Ling % . (Ling, Lud, etal. 201%),
21- #'5.$U121$*8$(,-. U(/$%A2("(/&*$; #("(%])"0, Y%o($r4A*0,

G5#(,4; N$(,-. p&/0, M21./)"$A5; (29 /1 2(%4/1/1- StanfordClassifier%($1 MulticlassSVMZ.

! di4j Deeplearning4j Development Team 201®eeplearning4j: Opesource distribted deep learning for the JVM2016.-
http://deeplearning4j.org.Apache Software Foundation License 2.0

ND4J Development Team <2016HMD4J: N-dimensional arrays andientific computing for the JVM 2016.D

http://nd4j.org- Apache $ftware Foundation License 2.0.

2 gymMUtelass Thorsten Joachims 2016Multi-Class Support Vector Machirg916 LicenseThis software is free only for nen
commercial use. It must not be distributedheut prior permission of the author. The author is not responsible for implication
from the use of this software.

18



3.3.4! 1# 4898,4:28%!",- u*(8,-
J(8& 11 J&8$LI5; *0, - 40, *2$.5u*:0.5; , 85+(8) (>1= 1 /(A$,1u5/); A#*B6(/(IRA*PH&™+4AG*
us(%(/561":(, .- u3(;,1-, /( *A);:

1! 1M.5 4/1%1- +*AS%PA- 4#*BD.*$1#")./5; .? *%/0, -./4"0, *2$.5u*$0/); 8%1"'D,*$/-#9, +&'5
/1- I(A$,1u5/) * +AA*$21- 2*'$+(U3&,1,/($ /1 +*ASYEB($2$.50*SD,*$* (/4 /5, %(/561"( 21-
((6"&>*I($ .J1 +*A$%9

2115 (- 9u(/1- +*A$%121- %(/(.%*-&L*/($ % (/&/5 85u$1-"6:( ./(/$./$%D, $8%1/)/0,.!, %&21%(
+4A5(,)%*$ * p$( %(Bp9,1 %(/561":( /1 .=,1+1 *%2(:8*-.5;, /9/* I(A$,1ux/($ * (1), (
=05 %(%/1 .=,1+1 (A$1+965.5; G21": ,( /**: 4,( 9"$L.#*/$%Qu* /1 29.%; >1"4; 2"42*$,(
S > (5.5 5 %&™ +4A568(,( p2*$./1 +*A$%P %(,9,(; (-/9; 315'&*$3$8%(:/*"( ./5 .0./)
(,(6,D"$.5 1-.$(./$%D, %($2%$'4/0, 21- 4#1-, .-,(,/5 *:./1 .Dp( *%2(:8*-.5; . Q43(S((-A&,*$/(
+&'5 .* +AA*$21- ())%1-, ¢ 2&,0 (29 p$(%(/561"( (++&.J1 .=,1+1 *%2(:8%.5; .-,(,/D./($
M9,1 .* u$(. C$(/5, Y%(+=/*"5+*$/1-"6:( /1- (2($/*:/($ 21+=p*6&+1D p( *%2(:8*-.5; .

3! @="*5("$ p1="!, p$(+4AR*"$A#$("$" W9, /9/* %(/(1&.*I($ (-/19 p(/( /5, %(/561":( ("$' p5/$%9

40 T"™1 ) (,JO,- (.<-)0; P& (29 (0, ( (%1+1-"*: ") W( Yo(P#S$L-.$(./$%9, % (Pu*/& (29
&1 (%1+1-%: #.& 1-$(/$%9 %($21/4 ") (. !, 1 /(AS,1u5/); 2"13+4U*E5, (%1+1-":(
@6736Q2a89/.@/7.=: ) >4FA84Bu@/9/* (++&L*$$; %(/561":*; &1 %(K,/0,- Ww( (/:.J1$#( .

</1 8$&6"(( 21- (%1+1-*: (2*$%1,:L*/($ 3*+/:0.5 /1- -1y p(Ll; /5 *9/5/(; 4.3.2.4*/5#°).5 *%
/0, -J4"0, *2$.5.%:0.5; :

Q*+/$D.5@2:81.5;u* #").5 *%/0, -./4"0, *2$.5u*:0.5;

93.60%
93.40% uG* gazette(,(6,D"$.5 ("$' p5/$%D,
%(,9,( T™1- 9%($-/9 W(/5
@2$.5+:0.5 : +0,58%
93.20% G* gazete(,(6,0"$.5 ("$' H5/$%D%($
%(,9,( T"1- /10, p(; : +0.05%
93.00%
mG* gazet@s(¥,(6,0"$.5 ("$ U5/$%D,
+0,09%
92.80%
G* +*A$%96(/(.%6*-. P4,1
92.60% #*$"0,(%/$%&gazette): +0,00%
10"; *%/0, M./4"0, @2$.5*:0.5:
92.40% 92,67%
92.20%

2"9/5/(

19



4#1.4>1@7@

F( 2¥$..9/*"(  2*$"&u(/( 4#1-, *%/*+*.[*. %(BS(/( 8-1 .=,1+( %(/561"$D, J&215((29 /( 2*$"&u(/(
2($/1=.(, 2*"$..9*"1 #"9,1 6%(,( *%/+*/1=,. F( (21/*+4.u(/( 21- (,(6"&>1,/($ .* (/) /5,
* 9/5/( , *2$+4#'5%(, ¥ 3&.5 /5, *2:81.5 /5, p*'981- 21- #'5.$u121$)'5%*%('D; %($/1- #'9,1-
*0p4+* 5

41! "S.:7071J

</( 2%"$..9/*"( 2*$"&u(/( 5 2("( p*/"121:5.5 /0, (+61":' pO, G5#(,$%); G&'5.5; 463, *u* 3&.5 /5,

*2:81.5 /1-; /1 20%/1- .-9+1- *9%2(:8*-.5; (developmense), %(%H *%2(:8*-.5 /1-; /1 -29+13$21
80%. F( 8*81u4,( *$.981- (21/*+1=,/ ($(29 &""( *>5u*":80, 21- 3":..%1,/($ ./1 :8B1("#*:1.CS(,( M5,

*0"5'1=, 0; :83((%1+1-:( +4A*0, 1$/*+*-/(:*; +4A*$*,9; &"1- Y* I$; ("#$%4+4A*S[1- *29u*,1=
11- , #"5.3u121$)'5%(, *$8$%44A*$p* %(/561":( null (,& p*.( J( &™( .

4.1.1! N)"$4-4*8' $ 4/ C3,4-u&4-6?/0:0-

G$%"a=,1+1:
"S.:7071J 4F wd
</(/$./$%4; $8$9/5/*:<CD0J.& %(/561":( 13

</(/$./$%4; $8%9/5/*%(/&+5A51,2,3#("(%/)"0, 3Y13 =39
<CDO0g,& %(/561":(

</(/$./$%4; $8%9/5/*; /5; 1-:p160J <CDOJ(,& 13
%(/561":(

</(1$./$%4; $8%9/5/*%(/&+5A51,2,3#("(%/)"0, 3Y13 =39
1-: p160J<CDO0g,& %(/561":(

H8%$9/5/*u84P8<8;2 @84A5; 6

<=,1+1 110
G*6&+1.=,1+1

"S.:7071J '4.F nd

</(/$./$%4; $8%$9/5/*<CD0{,& %(/561":( 118

</(1$./$%4; $8%9/5/*%(/&+5A51,2,3#("(%/)"0, 3Y 118 =354
<CDO0J,& %(/561":(

</(/$./$%4; $8%9/5/*; /5; 1-:u160J <CDOJ(,& 118
%(/561":(

</(1$./$%4; $8%9/5/*%(/&+5A51,2,3#("(%/)"0, 3Y 118 =354
1-: p160J<CDO0g,& %(/561":(

H8%$9/5/*ul1">1+16:(; <CDO0J 6

</(/$.1$%4; $8%$9/5/*;2 -480;8Hu1636<CD136 2Y 118 =236
</(1$./$%4; $8$9/5/*:%(/&+5A5:1,2,3#("(%/)"0, 2Y3Y118 =708
2-480;8HU1636<CD136

<=1+1 1894
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CS(*2$/&#-,.5 /5; *%2(:8*.5; 1%(/561"*; 21- 8*, *P>(,;LLAS * %(4,( (29 I( .=,1+( (A$1+965.5;
%($%2(:8*-.5; 8*, .- L2*"$+U3&,1,/($, (>1= 8%, ( W21"1=* ,( /$; p&*$ 1 /(AS,1u5)); 6$(/: 8%, I$;
- (I&*$ 21/4,

4.1.2! N)'$4-4*8&'$ H"&%H8A"#:6582&,49,*"6=:.*8%
1"5.$ p121$)'5%(, 0; $8%9/5/*; 8%(,-. H(/$%4; 2("(./&*$;  +4A*0, 50, 150, 3008$(./&.*0, , 21-
85u$1-"6)'5%(, (29 .D p( %*#4,0, /5; *++5,$%)Wikipedia® %($1 *'6(+*:1 Word2Vec* (Mikolov, Chen
et al. 2013) @2:.5; #'5.$u121$)'5%(, 8%$(,-. H(/$%4; 2("(/&*$;  U*=81%(/(+)A*0, +4A*0, (suffix
embeddingg U*-81-* p&/0, %(%-,*,D.*$; (concatenation/1-; , 21- 85u$1-"6)'5%(, ./5, *"6(.:( /1-
G(+$,8%HG(+$,&%5;2016) ? $2("(/&*$; +AA*0,#'5.$u121$)'5%(, u9,1 p* /1, /(A$,1p5/) p46$./5;
*["12:(; ,+960/5; 21+=%(+); *2:81.5; /1-,/5; I(#=/5/(; *%2(:8*-.5; /1- %($+960/1- 2*'$1"$u4,1-
#'9,1- /5; *"6(.:(;

421 'D.8<:;0/0 (@D.6R0756

2$/(A$, 15/4; (A$1+161=/(P; 2"1; /5 .-, 1+$%) 1"9/5/( 21- *2$/-6#&,1-,. </1 .=,1+1 8*814,0, W
1$; 12 %(/561"*;, *A($"*:/($ 2+)"0; /5; (A$1+965.5;5 %(/561":( G++E, 8$/R*"$+(U3&, *$+4A*$21-
p21"1=, ( 3"1=, pF +*AS%D6(,1,$%47%6>"€&.*$:) -/) p(/( (,(6,D"$.5; 1,1p&/0, 1,/1/)/0,
@2:5; * 9+( /( .=1+( 8*814,0, #'5.$ul21$*/($5 *%/0, -/4"0, *2$.50%:0.5 Wt (-9 (/5
85u$1-"6:( +*AS%BA(/&/5, *%2(:8*-.5, (-19 U(/5 *2$.5u*:0.5 ("$' H5/$%DY%($").5 /1- %(,9,( 6$(/5,
(,(6,D"$.5 &"0, ) (,/0,- pK$D,

4.3! (@D.6807BJ&C;./70J )6748-2@J
4.3.1) G&28+42/'/(-,-
¥ I'$ p9; @2(,(+)U*0, (*21#D)) *%2(:8*-.5; : ud#"$.=6%+%$.5;. /5 8$(>1"8&*,/"12:(; /(A= 8=1
*2(,(+)U*0,
¥ N$(1"&*/"12:(; 6$(2(=.5 *%2(:8*.5; (.=6%+$.510",

3 Wikipedia dumps GreelE"9.3(.5 :1=61-./1; 2015.https//dumpswikimediaorg/elwiki/.

“1"5.$ p121$)'5%*1 pl,/4+1 skipgram/1- Word2Vec, p* negativesampling%($$; 2"1*2$+*@i4,*; /$u4; 2("( pal"o, .
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4.3.21 "#2$ C3%/0/28&4-1/2"<%

C$(/1 u$%"9=,1+1 %(/561"$D,1 /(A$,1u5/); 4>/(* .- 1+$%&/1 934% 1"9/5/(; u* I$; $8SO/5/*/5;
J1+4+5 0.7% -14.//:7148 (29 9.1 *2$/=6#(* /1 .=./5 u( /5; 2"15614*,5; *'6(:(; .S (=A5.5 (-)
1>%+%/($./5, (++(6) /1- %D8$%E 85U$1-"6:( (/9 H(/1- +*A%L1%(/&/5 8S(8S%(.:(/5; 85USL-"6:(;
$8$1/)/0,, %(H/5 #').5 (/1= .5, *%/0, -J4"0, *2$.54*:0.5.F1 .=./5 p( *%62($8*=$ * #'9,1
+$69/4'1/0, 5+*2/D,. S %U2=+51&'5.5; 6$((-) /5, 2*:2/0.5 >(*/($ J1 N$&6"(p( 1.

J( p2=+5G&'5.5;

100.000% 99.607% 99.388% 99.330% 99.351% 99.292% 99.306% 99.429% 99.326% 99.400% 99.266%
100.000% = e e e e e e e en on e os s on os e os as e e e s e s e e s e e

90.000%
i 90.735% 92.390% 92.661% 92.960% 93.095% 93.109% 93.123% 93.136% 93.177% 93.407%

80.000%
70.000%
60.000%
50.000%

40.000%

41.061%
30.000%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
= = ?"9/5/( -<=1+1@%2(:8*.5; ?9/5/( - <=,1+11A$1+965.5;

H"9128u&1: O"#&UI'30%6 p9D-,-6 1"84-98#'&()*+,- 4/+4&."%h-45 11", 4-6*%42/' (&64/ W'#2$,3%/0/ #&4-1/2"<%* 4"6")"'$4-4*&4-67/0:0- .

4.3.31;190/ C3%/0/?&4-1/2"<%

</1 W6&+1=,1+1 %(/561"$D, 1/(A$,15/); P46$./5;* /"12:(; *2$/-64#&,*82,4% 1"9/5/( </1 *29u*,1
8$&6"(u( >(,1,/($ 194 p2=+* U&'5.5; . G* 3&.5 /5, %+).5/5; %U2=+5;6$(/5, 1"9/5/( /1 .=1+1
(A$1+965.5;:>(*/($ 20; P6(+=/*"1 .=,1+1 *%2(:8*.5; '( 3151=* *8#1p4,0; ./5, 3*+/:0.5 /5;
1"9/5 /(; /1- (+61" ul-.

J( p2=+*; G&'5.5; :

100.000% 99.326% 99.219% 99.029% 98.912% 98.867% 98.767% 98.720% 98.743% 98.676% 98.610%
100.000% == e e o e e e e e e e e e e e e e e e e e e e e e e e -
90.000%

80.000%
70.000%
60.000% 68.473%
50.000%
40.000%
30.000%
20.000%
10.000%
.000%

73.486% [9-949% 77.637%

2.513%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
- - 2"9/5/( - <=,1+1@%2(:8*-.5; 2"9/5/( - <=,1+11A$1+965.5;
H'91284& 2: O" #&U30*6 HOD-,-6 1"84-YG# &()*+,- 4l+A&."Vgh-45 1" 4-6 *%42/ (&G4 190/ 3%0/ #8&A4A-1/2"<Yol 4"6")"$4-4*64-€
2/0:0- .
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4.3.41 725,- H'&%H8A"#<9G&2&,49,*8%=:.*8%

J'(UDJG /1 :8$12("&-"1 +4A*0, 85+(8) /5; 2("1=.; %($/5; *29u*,5; +4A5; #'5.$u121$)'5%*
(%"$3D;1 :8$11(+69"$' UL; , I /5 8$(>1"&9/$0; $8$9/5/*#"5.$1121$)'59%(, 1$8$(,-. M(/$%42("(./&.*$;
I1- 2("(%&/0 2:,(%(. 06$,(, *2:.5; 2*$"&(/( W* -,8-(. 19 (.-4,0.5 ) /0, $8$1/)/0, /1- 2("(%&/0
2:.(%( %(H0, $8$1N/0, /1- 2"15614*1- .-/) p(/Ll; (++&(/9; 1 .-,8-(. p9; $8$1/)/0, 8*, 480.*
“US+8&21.1./& 1"9/5/(; , Yo($H.$ 8*, 4#1-, .- P2*"$+5>": (21/*+4. p(/( /1-.

L&PI"&A%QC%RPBSHANNA TCHPSHA%

Morph 50 <-4,05 8$(-. H(/$%D2("(./&*0, U*-81-* p&/0, %($
U*-81-%(/(+)A*0, , 25 + 258$(./&.*0, .

Morph 150 <-4,05 8$(-. H(/$%D,2("(./&*0, U*-81-* p&/0, %($
U*-81-%(/(+)A*0, , 75 + 758$(./&.*0, .

Morph 300 <-4,05 8$(-. H(/$%D,2("(./&*0, U*-81-* p&/0, %($
U*-81-%(/(+)A*0, , 150 + 1508$(./&.*0, .

Morph -P 25 NS(,-. u(/$%42("(/&.*$; U*-81-* p&/0, +4A*0, 25
8$(./&.*0, .

Morph-P 75 NS(,-. u(/$%42("(/&.*$; U*-81-* p&/0, +4A*0, 75
8$(./&.*0, .

Morph -P 150 NS$(,-. u(/$%42("(./&.*$; U*-81-* u&/0, +4A*0, 150
8$(./&.*0, .

Morph -S 25 NS(-. H($%A2("(/&.*$; U*-81-%(/(+)A*0, +4A*0, 25
8$(./&.*0, .

Morph-S 75 N$(,-. H($%42("(/ &*$; U*-81-%(/(+)A*0, +4A*0, 75
8$(./&.*0, .

Morph -S 150 NS$(,-. H(/$%42("(/ &*$: U*-81-%(/(+)A*0, +4A*0, 150
8$(./&.*0, .

w2v 50 N$(,-. u(/$%42("(. /1&.*$; +4A*0,/1- Word2Vec, 50
8$(./&.*0, .

w2v 150 NS$(,-. u(/$%42("(./&*$; +4A*0,/1- Word2Vec, 150
8$(./&.*0, .

w2v 300 NS$(,-. u(/$%42("(.1&*$; +4A*0,/1- Word2Vec, 300
8$(./&.*0, .
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4.3.4.10 "#2$ ,3%/0/ 284-1/2"<%
2"9/5/( G* 1).5 N$(,-. p(/$%D,E("(./&*0, (embeddings) G$%"9%<=,1+1
96.000% 95.388%

95.000% 94.520%
93.923%

. 93.638%
94.000% 93.380% 03.163% 93.245%

93.285%
93.000%

91.698% 92.720%

92.000%
’ 91.305% 91.169%

91.000% 90.315%

90.000%
89.000%
88.000%

87.000%
Morph 50 Morph  Morph Morph-P Morph-P Morph-P Morph-S Morph-S Morph-S w2v 50 w2v 150 w2v 300
150 300 25 75 150 25 75 150

2"9/5/(  * <=,1+11A$1+965.5; -—== "95/( <) W(/1; J1+4+5

H"9128u& 3! ")$,*"6 ,+,451&4/6,4/ W'H#2$,3%/0/ #&4-1/2"<Y8&%90/1§* 4"6)" &% H\&4" "#:6&2&,49,*"6 '+ F2-,"W/'["5D-#&% 86 ")"$4-4*6
48%0:.*8%.

@:,($*1>(,4; 20; 5 %(+=/*"5*2:81.5 *2$/-6#&,*/($p* /5 #").5 [0, 8$(-. u(/$%D,2("(/&*0, G2V
300E S *2:81.5 (-) *1,($ %(H Yo(+=/*"5.% 9.( 2*$"&u(/( A#1-, *%/+*1* J( 2+(.$( /5; *'6(: %($
IO QL4 u(( 8%#,1-, 9I$ *8#1ud,0; ‘(| p21l"1l=* ( 3%/$0™: 2%($/4"0 p* 8$(-. H(/$%4;
2("(J&*$;  +AA*0, 2*'$..1/4"0, 8%$(./&.*0, (24 600) @:,($*2:.5; *,8$(>4"1, 9/$%($9,1 5 #").5
85(,-. H(/$%D, 2("(J&*0,  U*-81-%(/(+)A*0, (Morph-S 75, Morph-S 150) *2$/"42*$./1 .=./5 p( (
AR & * 1MO[5/( *0p*: 1/5; J1+4+5 1[4 5#).5 8$(-. M(I$%D,2("(/&*0,  U*-81-* u&/o,
8%, 315'& /9.1 . 19%1+1-'1=, 1$%@U2=+* P&'5.5; p* /5 #").5 8$(,-. H(/$%D, 2("(/&*0,  +AA*0;
J( p2=+*; G&'5.5;
100.00% 99.21% 99.26% 99.15% 99.13% 99.14% 99.07% 99.05% 99.05% 99.04% 99.04%

100.00%

0,
90.00% 93.96% 94.61% 94.30% 94.34% 94.56% 94.59% 95.06% 95.10% 95.39%

80.00% 93.88%

70.00%
60.00%
50.00%

40.00%
40.02%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
?95/( - <=,1+1 @%2(:8*-.5; ?"9/5/( - <=,1+1!A$1+965.5;

30.00%

H'912Q& 4 O" #&I30%6 YOD-,-6 1"&A-YHH#&()*+,- 4/+ 48."Yh-45 [L1",4-6 *%42/' (864! W'H2$,3%/0/ #&A-1/2"<Yo\t 476)"&%H84"H:6
'€2&,49,*"6 0:.*8% CWL300E, &%")"$4-4*6
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4.3.4.20  ;*1 90/ ,3%/0/ ?&4-1/2"<%

2"9/5/( G* 1").5  N$(,-. p(/$%D,E("(./&*0, (embeddings) G*6&+1

<=,1+1
90.000% 61 0510 83-374%
79.109% °~ V=77 o oo
80.000% ~~~"""" 35 aa50r 7 2790 5] 37477 sttt b I : (o
71.316% 3-347% ’ 72.052% 71.659% 72-814%
70.000%
61.937% 62.521% 62.457%
60.000%
50.000%
40.000%
30.000%
20.000%
10.000%
.000%
Morph 50 Morph  Morph Morph-P Morph-P Morph-P Morph-S Morph-S Morph-S w2v 50 w2v 150 w2v 300
150 300 25 75 150 25 75 150
?"9/5/( - <=,1+1!A$1+965.5; ====?"9/5/( <-/) u(/1; J1+4+5

H"9128u&51")$,*"6 ,+,45p&4/6,4/ p*190/,3%/0/ #&4-1/2"<9%8%90/1&* 4"6)"&%HI&4"#:6&2&,49,*"6 '+ F2-,"W/'["5D-#&% 86 ")"$4-4*6
48%0:.*8%.

V20: %($/1 p$%"9=,1+1, 4/.$ %($/1 W6&+1=,1+1 W/561"$D, 5 Pr6(+=/*"5 179/5/( *2$/-6#&,*/($
(29 /$; 8%(,-. M($%4;2("(/&*$; Gn2v 300E /1 83.37%. J($ * (/9 /1 .=,1+1, 1$8%$(,-. H(/$%4;
2("(J&*$; 10, U*-81-9%(/(+)A*0, >(.*($ ,( 4#l-, 2%'$.9/"5 2+5"1>1"( * .=6%"$.5 pw* /5;
85(,- M(/$%A4:2("(/ &*$; /0, U*-81-* p&J/0, . 19%1+1-'1=, 1$%@2=+* p&'5.5; J1 Ww6&+1.=1+1
%(/561"$D,p* /5 #°).5 /0, 8$(,-. u($%D,2("(./&*0,  Gn2v 30CE:

F(AS,1U5/); G46$./5; @,/"12:(; u* #").5 N$(,-. u(/$%D,
E("(J&*0, P4A*0, - G*6&+1.=,1+1

100.00%
° 96.12% 95.42% 94.83% 94.19% 94.15% 93.93% 93.84% 93.88% 93.69% 93.66%

100.00%
80.00%
0,
60.00% 73.22%
67.38%
40.00%
20.00%
0.00% 2:08%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
?M95/( - <=,1+1 @%2(:8*-.5; ?"9/5/( - <=,1+11A$1+965.5;

H"912Q1& 6 O" #&U30*6 LOD-,-6 1"84-U6H&()*+,- 4/+ 4&."Yh-45 [r1",4-6 *%642/'(864/ 190/ ,3%/0/ #84-1/2"<% 4"6)"&Y%H.84"H:6
'€2&,49,*"6 0:.*8% CWL300E, &%")"$4-4*6
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4.4) (@D.6807BJIN-: ,96FB=0 (90 @23&1S236

4.4.1! G&2&*42/1'/(-,-
¥ F&AS5 1° 6$(05$%"%K=,1+1J(/561"$D, E%(E° 6$(/1 §5*6&+1<=,1+1J(/561"$D, E
¥ @2(,(+)U*$;: 100

2 I(A$,1u5/); /0, M29<-)%5 F-#(:0, E*8:0, #'5.$U121:5.*% 8$(>1"*/$%&("&-"(  +4A*0, 63(/5,
%(/(.%*-) $8$1/)/0, /1 p$%"9=,1+1. E$S1.-6%*%"B4,( (/: 6$(/5, *20u*,5 +AA52*"$+(U3&,*/($ /1
2("&'-"1 52"15614u%,5,*2*$8)(-/9 18)65.% .* Yb(+=/*"( (21/+4. u(/( .

4.4.2! ;" #23C3%/01?&4-1/2"<%
J( p2=+*; G&'5.5;

100.000% 99.520% 99.366% 99.341% 99.374% 99.374% 99.286% 99.263% 99.356% 99.326% 99.288%
100.000% == e s wn - e s e e e e e s e e e e e e e e e e e e e e -

90.000%

o, 90.654% 91.671%
80.000% 85/811% 86.503% 89.731% 89.257% 88.511% 88.307% 87.561% 87.697%
. (0] 2

70.000%
60.000%

50.000%

47.653%
40.000%

30.000%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

= = ?2"9/5/( -<=1+1@%2(:8*-.5; ?"9/5/( - <=,1+1!A$1+965.5;

H"9128& 7 O"#8u'30*6 POD-,-6 1"84-%#'&()*+,- CRF, ,4/ W'#2$,3%/0/ #&4-1/2"<%* 4"6")"$4-4*44-67/0:0- .

2 J(A$,145/); 4>/(* ./191,67%1"9/5/(; ,.J1 80%/1- .-,9+1- *062(:8*-5; *D W& 51"9 /5/( /1-
42% *

4.4.3!;*190/ C3%/0/?&4-1/2"<%

2 I(A$,1u5/); 24/-#* p9+$;75.5% 1"9/5/( /1 -6%*%"§4,1 .=,1+1.S 21+=#(pP5+9/*"5 1"9/5/( .*
=6%$.5 u* /1-; &++1-;/(A$,1u5/4; *8*#1u4,0; ,( 1>*+*/($./1 y*6&+12+)'1; $8%$1/)/0,, /1 121:1
(-A&*$ $8S(:/*"( /1 2+)'1; /0, 2("( p4/'0, 21- 2"42*$,( p&™*$ 1 /(A$,1u5/); . @,8*#14,0; 5 #").5
1 &+-.5; J="$0, <-,$./0.D, (PCA) ,( 315'1=* ./5 0.5 8$(./&*0, , 6$(/5, %(+=/*"5 %($
[(#=/*"5 *%2(:8*-.5 /1- /(A$,1u5/) . P960 4++*$U5#"9,1- , 8*, #'5.$u121%)'5%*PCA.
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451 G19436.=: 12=798#8<<56 )-.-CS36
4.5.1! G&2&*42/1'/(-,-
¥ J'->& @2:2*8(4
¥ R*"D,*; (,& *2:2*81 90H130D80D60
¥l @21#4;2
¥ <, (").*$; **'6121:5.); : RectifierLinearUnit (ReLu PReLubReLubReLubSoftMax
¥ 1(3& p$.5Q("D, : Backoropagatioru* #1).5 Adam
¥ <-&"/ 5.5 J9./1-; : Categorical Cross Entropy
¥ <=,1+1*2%$%="0.5; 5%.-,9+1- *%2(:8*-.5;

4.5.2] "#2$ C3%/0/?&4-1/2"<%

F1 .-6%*%"f4,1 RR %(/(.%*-&./5%* 6$(/1- .%121=;8$**=5.5; (%($*2:8*$A5;* * u$,&"$] /1-
2(%A4/1- Keras, %($8%, 4#%,.0 p(/0™*: /1 %="$1=. /5p(. </1 p$%"9=,1+1 %(/561"$D,*2$/-64&,*$
21.1./9 1"9/5/(; %1,/&/1 9080% #0":; *%/0, -./*'D , *2$.54*:0.5 .

4.6! '6@748P8S878168G19436.= 12=798736 Ling =.@
4.6.1! '&% &0 ALY B %/ I*+28%"#$
¥ G46*'1l; .- w>"(L9u*,0, (contextsize 6$(85u$1-"6:( 8%(,-. u(/$%D,+4A*0, 2("(./&.*0, (29
#("(%/)"*; : 150
N$(./ & *$; .- p>"(L9p*,0, 6$(85u$l-"6:( 8%(,-. H(/$%D,2("(./&*0, (29 +4A*$;150
NS$(./ &.*$; 8%(,-. u(/$%); 2("&./(.5; #("(%/)"( :50
N$(./ &.*$; 8%(,-. n(/$%); 2("(./&.*0,  +4A5; 50
@2(,(+)U*$;: 1000-1500
<=,1+1*2%$%49.5; : 20%.-,9+1- *%2(:8*-.5;
1"9,1; @%2(:8*-.5; 1-2 4"*; .* CPU.

4.6.2! "#2$ C3%/0/284-1/2"<%
</1 p$%"9.=,1+1 %(/561"$D,/1 .=./5 u( >/&*$ 94,56% 1"9/5/( * 2+¥:21- 1500*2(,(+)U*$; . S
85u$1-"6:( %(U2-+D, P&'5.5; (2($/1=* 21+=#"9,1 %(B$((-/9 8*, 46$*.

4.6.3!;¥190/ C3%/0/?&4-1/2"<%
</1 p6&+1=,1+1 /1 .=./5 u( 2*/-#(;,*$ 78,90% 1"9/5/( .

® http://keras.io/
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4.71 &00O@6B.@69/pu>736 N-8/7B4.D0J

4.7.1! G&28s*421'/(-,-

G* /5 p4'181 crossvalidation *2$+4#'5%% 34+/$./5 /41) C 6 7®. N-./-#D; +960 /1 2+)'1-; /O,
$8%$1/)/0, ./1 *%/*/(p4,1.=,1 +1%(/561"$D, 8*, )/(, 8-,(/) 5#").5 /1- (+69"$'ul=.* (-/9 .</1 p$%"9
=,1+1 #'5.$u121$)'5%%6" ( up$%92-"),(;

4.7.2!;"#2$ C3%/0/?&4-1/2"<%

J( p2=+* G&'5.5;

100.000%
100.000% 95.812% 95.997% 96.322% g5 11005 96-285% g5 09, 96.296% 96.420% 96.395% 96.720%
90.000%

89/514% 89.080% 89.514% gg.og50, 90-613% gg 16205 90.572% 90.016% 90.233% 90.098%
80.000%
70.000%
60.000%
50.000%
40.000%

40.505%

30.000%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

2"/5/( - <=,1+1 @%2(:8*-.5; 2"9/5/( - <=,1+11A$1+965.5;

H"912&u& 8 O"#&84'30%6 P9D-,-6 1"84-%#'&()*+,- SVM ,4/ W'#2$,3%/0/ #&4-1/2"<%* 4"6")"$4-4*64-62/0:0- .
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4.8! (1<.=B ,H;=4./0

4.8.1! ;"#23% C3%/0/?&4-1/2"<%

G* 3&5 /1 2("(%&/0 8%&6"(u( 2("(/5™:/($ 20; p9,1 /1 (,(/"'1>181/1= p*,1 ,*-"0,$%9 8:%/-1/0,
Ling %( . (Ling, LuBsetal. 2015aPo(/&>*"* ,( A*2*"&.*$/$;*2$89.*$/1- (+69"$'ul- G463%./5, @,/"12:(; .
S #").5 8%$(,-. W(/$%D, 2("(./&*0,  +4A*0, (218*$%,=*/($20; (218:8*$("%*/& %(+&./1 2"93+5u(
@GP,

IA$1+965.5!1+61":" pO,

96.00% 05 309
95.00% 94.56%
94.00% 93.41%
.00%
oo 92.72%
92.00% 91.67%
91.00% 90.61% 90.80%
90.00%
89.00%
88.00%
F(AS,1u5)); G468./5  GB#() NS(- p&/0, M21<-)%5 F-#(:( E*8:(  R*'0,$%9EL++D, L("1>181/1= W1 F(AS,i5/); G46$./5
@112 W (S 1$9%4; M21./)"$AS; @2$2480, R*."0,$%9 /0, Ling %(. @ 12:(
%(Qu1">1+16$%48$9/5/%; 85(,-. M(/$%42("(/&.*$;

+4A*0, (W2v 300)

H"9128u& 9 K."/0$1-,- 48%")$,*8% )"&@/2*4"#<@01/2(IP8Y%#&™")"14548%."&4/ |W'#2$,3%/0/ #&4-1/2"<%

4.8.2!;*190/ C3%/0/?&4-1/2"<%

F1 W6&+1.=,141 *#* 20§, 0% $8$9/5/%; it (21/4+*. p( /( 2*":2+1%( pul,/4+( /(A$,1u5/D,
(2($/1=, 21+=2*"$..9/*"1 #'9,1 6$(,( *%2($8*-/1=,%($( *A(B&61-, Y%(+&21/*+4. p(/( . S #").5
85(,-. H(/$%D,2("(/&*0,  *2$/&H-* 21+=/5 8$(8$%(.:(%6(H80.* Yo(+=/*"( (21/*+4. p(/( .

IA$1+965.5!1+61":" pO,

84.000% 82.358% 83.374%
0,
78.000% 75.550%
76.000%
74.000%
72.000%
70.000%
F(A$,1u5/); G46$./5  M21<-)%5 F-#(:( E*8:( L("1>181/1= p*,1 F(A$,1u5/); G46$./5
@,/"12:(; p* J(1$.19%4; %($ R*-"0,$%9/0, Ling%(. @,/"12:(; u* 8%(,-. K(/$%4;
p1">1+16%$%48%$9/5/%; 2("(./1&.*$; +4A*0,(w2v
300)
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49! (1<.=B)-2S8/0 /1 GC8H68<8'D.8<:;0/0J

@2*$8)/1 .=,1+1 (A$1+965; *#* #'5.$ul21$5™: *2(*$+5upd,( ¢ 2"15615u* % 2/-#$(%4;
1>(.( p* (6%, 1- p* /1, (+69"$'ul 21- /( *#* /5, -US+9/*"5 *2:81.5 %(F1, (+69"$'ul /5;

J1+4+5 * 4( 41 =1+1 (A$1+965.5; /1 121:1 4#*$2("(#* (29 (21.2&. p(/( (29 %*p*,( /5;

Wikipedia, &"'( (++& %($+161/*#,$%&$3+:( F1 .=1+1 (/9 (1/+*/($ (29 7441 +4A*3$;%($
*2$. 5 $D'5% A /1 #4"Wo($/( 2.=,1+( %(/561"$D, </1 .=,1+1 *%2(:8*-.5; 2"1.4.( u*/1 -2&"#1,

=,1+1 (A$1+965.5)5; J1+4+5%(/.$ >IS&A(* 4,( P6(+=/*"1 .=,1+1, /1 121:14#*$31553+4A*$;F1
2(+$9.=,1+1 *%2(:8*-.5; (21/*+*: 2*":21- /1 75%(-/1= 21- 2"14%-U*

4.9.1! E&."Vy-456::1"4-6 19%42/(&6:* CA4&4" 4"#K)"$4-4%6
"4#2% C3%/0/
J( p2=+* G&'5.5;

100.00% 99.35% 99.37% 99.37% 99.33% 99.32% 99.29% 99.28% 99.25% 99.31%
100.00%

95.00%
90.00%

90.929% 91.66% 91.96% 91279 91.37% 91.09% 90.85% 91.06% 91.01% 90.84%
85.00% -~ 88.22%

80.00%
75.00%
70.00%
0% 16% 31% 47% 63% 78% 94%
?95/( <=,1+1 @%2(:8*-.5; ?"9/5/( <=,1+11A$1+965;

H"9128u& 11 O" #8u'30*6 POD-,-6 1"8&4-%*#'&() *+,- 4/+ 4&."Y44-45 p1",4-6 *%42/'(&64/ W'H#2$,3%/0/ #&4-1/12€% | 4"6")"$4-4*64-6
?/0:0- , 1"&4/ %:/,3%/0/ &."/0$1-,-6 .

;*190/ C3%/0/

J( p2=+*; G&'5.5;

99.30%  99.03% 98.91% 98.83% 98.78%  98.75% 98.67% 98.63%  98.58%  98.51%
100.00%

95.00%
90.00%
85.00%

80.00%
25 00% 72 81% 28, 64% 70.26% 80.44% 80.81% 81.26% 81.23% 81.38%
. 0 . . 0 y

70.99%
10.00%  20.00%  30.00%  40.00% 50.00%  60.00%  70.00% 80.00%  90.00% 100.00%

70.00%

?"9/5/( <=,1+1@%2(:8*-.5; ?"9/5/(  <=,1+1!A$1+965;

H"912&u& 12 O" #&1'30*6 WOD-,-6 1"&4-%G#'&()*+,- 4/+ 4&."%h-45 1",4-6 *%42/'(& ,4/ p*190/ ,3%/0/ #&4-1/2¥% ¥ 4"6")"$4-4*64-6
?/0:0- , 1"&4/ %:/,3%/0/ &."/0%$1-,-6 .
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4.9.21 E&."%-456;:1",4-6 1%42/'(&6;* H"&%p&4"#:65&2&,49,*"6=:.*8%
"#2$ C3%/0/

J( p2=+*; G&'5.5;

99.06% 99.00% 99.01% 98.93% 98.99% 99.02999.05%

100.00% 991196  99.07%
100.00%

95.00% 06.19996.39% 96.53986.53% 96.82% 97.05997.12996.93% 96.87%  96.7E

0,31085-53%9°99%
. 0
90.00%

85.00%
80.00%
75.00%

70.00%
0% 16% 31% 47% 63% 78% 94%

2"9/5/(  <=,1+1 @%2(:8*-.5; 2"9/5/(  <=,1+1!A$1+965;

H"912&p& 13 O" #8u'30*6 uQD-,-6 1"&4-%GH#' &()*+,- 4+ 4&."%4-45 w1",4-6 *%42/'(&64/ W'#2$5,3%/0/ #&4-1/2<%* 4"6)"&YoH\&4" "#:6
'&2&,49,*"6 0:.*8% CwX300E,&%")"$4-4*6 1"&4/ %:/ ,3%/0/ &."/0$1-,-6 .
;*190/ C3%/0/

J( p2=+*; G&'5.5;

100.00%

95.95%95.59% .

95.20%  94.20% 93.97% 0 93.86% 93.66% 93.68% 93.82%

05, 00% 93.90%
0,
90.00% 858606 43%37.30%88'34 87.92%87.57%87.30%87 09%
84.43984.94%
85.00%
79.03%

80.00% 76.83%
75.00%
70.00%

6% 12% 19% 25% 31% 37% 44% 50% 56% 62% 69% 75% 81% 87% 94% 100%

?"9/5/( <=,1+1 @%2(:8*-.5; ?"9/5/( <=,1+1!A$1+965;

H"91284& 14 O" #&130%6 POD-,-6 1"&4-%H &()*+,- 4/+ 4&."Y4h-45 |L1",4-6 *%42/'(&64/ <190/ ,3%/0/ #&4-1/25%* 4"6)"&%oHI&A"#:6
'&2&,49,*"6 0:.*8% Cw2300E,&%")"$4-4*6 1"8&4/ %:/ ,3%/0/ &."/0$1-,-6 .
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4.9.3! EX0"#ECHI:2&, P&
2 2("(%&/0 2:,(%( .-, 1U:L*$ /( (21/+4. p(/( 6$(/1 41 .=,1+1 (A$1+965.5;

I"#3%0d'()* &1;><8 ,H68<8 &.=4: &1;><8 H68<8  &1;><8 ,H68<8
+-$.(*  /%(0&12" #8/8/7: /96:<89  ,H68<8 #8/8/7: /96:<89  84F:707@
u3 1=-@2519/0J L4F:707@  1=-@2S19/0J

C484" 4"#:9"$4-4%6 21.91% 91.13% 100.00% 81.38%
H"&% p&4"#:6 75% 97.12% 75.00% 88.34%

G&2&,49,*"6=:.*8%

E("(/5"1= p* (29 /$; %2=+*; u&'5.5; %(¥1, 2("(2&,0 2:,(%(, 9/$1 /(AS,1u5/); p463./5;*,/"12:(;
p* /5 #%).5 83%(,-. u(/$%D,2("(/&.*0, *2$/-6#&,*$US+9/*"( 21.1./& 1™9/5/(; %($/( 8=1.=,1+(
%(/561"$D, %($p* 8$(>1"& P*6(+=/*"5 /1- 5% (29 /1, /(A$,1u5/) p46$./5; *["12:(; W J( 1$./$%4;
$8%9/5/*; +4A*0,. E$'(9/(/( , (/9 1>*+*/($ /1 6*61,9; 9/$ 1$8%(,-. n(/$%4;2("(/1&*$; +AA*0,
2("&61,/($ P* U5 *2$3+*20%,5 U&'5.5 , ¥ (21/4+*, p( 1$(+69"$'ul$21- /$; #'5.$u121$1=p21"1=, (
6*,$%*=.1-, %(+=/*"( .* &6,0./( .=1+(.@2.5;p21"1=u* ,( 2("(/5").1- p* 20; 1$%0U2=+*; u&'5.5;
8%, 2("1-.$&L1-, W6&+5,18$%)%+:.5/1 .=,1+1 (A$1+965.5; | /5, (=A5.5 /1- .-, 9+1- *%2(:8*-.5;,
%(3$8:0; 65(/Rud; P*6(+=/*"*; /1- 75%.
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5.9 p-14>/ p@7 @@ &1<<867.=BR4196@

51! 9 p-14>/ p@7@

< () 15, *'6(:( ((2/=#5%* 4,( 2+)'0; 2("( p*/"121$).$pl %($2*%/&. 1 .=./5 p( *2$.51*:0.5;
u*'D, /1- +961-6$(@++5,$989%*,1 . N1%#./5%(, %($-6%":'5%(, 8%(>1"*/$%1(+69"$' u1l$u&'5.5;
(n46%./5; *,/"12:(; ,-29 .-,)%5 [-#(:( 2*8:(, u5#(,4; 83(,-. u&/0, -21./)"$A5; %(H*-"0,$%& 8:%/-()
%('D; %($*9/*"*; [*#,$%42("(606); 8%(,-. u(/$%D,2("(./&*0, +4A*0, #("(%/)"0, , "™ p&/0, %($
%(/(+)A*0, . F( %(+=/*"( (21/*+4. p(/(  *2$/*=#'5%(, u* /(AS,1u5/) pd63./5; */["12:(; % ($$8$9/5/*;
3(-$. pd,*; * 8%(,-. M(/$%42("(/1&.*$; +4A*O,

5.21 #4871.6:u160&1<<867.=BR4196@
F1.=/5 p( (-)); /5; *6(:(; '( p21"1=.* ,( 3*+/$0™: /1 p4++1,0; *A);:

¥ G* 3&.5/$; %(2=+*, u&'5.5; ,36(:;,*$/1 .- p24"(. u( 20; 4,( w6(+=/"1 .=,1+1 *%2(:8*-.5; '(
315'1=* ./$; 2*"$..9/*"*; 2*"$2/D.*$;.

¥ 2% (+69"$' plS %(P6-"0; /( RR,'( p21"1=.(, ,( 2("( p*/"121$5'1=, 2*"$..9/*"1 , $8:0; p4.0
I*#,$%D,920; 5 Q*+/$./121:5.5 Bayes(BayesiarOptimization.

¥oJ(/(%*-)  2*'$..9/*"0, %(,9,0, %(Jr6(+=/*"0, +*A$%DHBS(CWO, -./4"0, *2$.5u*:0.5 E.

¥ <-8-(. p9; (ensemblef+61"™' uo, P&'5.5; .

¥ G*0.5 8$(./&*0, $8$1/)/0,,$8:0;6$(/1 p*6&+1=,1+1 %(/561"$D, W #").5 !,&+-.5; JI="$0,
<-,$./0.D, ) -/9 -%08%$%121$5/Butoencoders

¥ @2(,&+5U50, 2*$"(u&/0, 2&,0 ./1 ,41 .=1 +1*%2(:8*-.5;.
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6. Ilopappa

6.1. Ilivokog XyeTikng £pevvag

YHvoyn MeBodowv EMA g evotrag 2, and kdBe apbBpo Exovv emdeyet 66a otoryeia kpidnkav mo onpavtikd. ['a nepiocdtepeg Kot mo akpiPeig mAnpopopieg

OoYXETIKA pe TNV k0B néBodo, stvar doxo va daPactel To oto avtictoryo dpbpo.

Corpus

Brown Corpus
Brown Corpus
Unknown

Unknown
Bown Corpus

Penn Treebank

Penn Treebank

Mac-Morpho Corpus

Tigger Treebank

Sina Newa

Penn TreeBank part

(accuracy), CoNLL

Penn TreeBank

CONLL 2002

Penn Treebank

NEGRA

Language
English
English
English
English

English

English

English

Brazillian
Portuguese

German

Chinese

English

English

Spanish

English

German

Level
Word
Word
Word
Word

Word

Word

Word

Word

Word

Word
Word

Word

Word

Word

Word

Eval Metric
Accuracy
Accuracy
Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

F1
F1

Accuracy

F1

Accuracy

Accuracy

Value

96,00%
77,10%
96,00%
96,00%

95,00%

96,49%

97,36%

97,47%

97,80%

91,19%
87,00%

95,04%

82,21%

97,45%

91,90%

Features

Stem, Tag Lexicon
Words, Patterns

Tag Lexicon, Sequence

Word, Suffix frequencies in
Categories

Contextual and Word
Features

suffix, Prefix, Word, Contains

Charactes, surrounding
Words

Character, Suffix and Word
Embeddings

Character and Word
Embeddings

Character and Word
Embeddings
Character Embeddings

Word Embeddings

Word Embeddings, N-Gram
Features

Word Embeddings,
Character Embeddings

Word Embeddings

Tag Lexicon, Sequence

Algorithm

Baum Welch, HMM
Rule Based

Markov Model

Artificial Neural Network
Custom Tag Induction Proceedure

Maximum Entropy

Bi-LSTM

Customized Conolutional Network

(bi)RNN, CNN, against CRFs

Multilayer Neural Network

CRF, Sigmoid Linear (2 hidden) NN

Greedy Tagger on Top of RBM

CharWNN (MLP)

Custom Online Algorithm with NN

SVM

Year
(Cutting, kot cuv. 1992)
(Greene 1971)
(Kempe 1993)
(Schmidt 1994)

(Schiitze 1995)

(Ratnaparkhi 1996)

(Ling, Luis, kat cuv. 2015a)

(Santos kat Zdrony 2015)

(Labeau, Loser and
Allauzen 2015)
(zheng, Chen and Xu 2013)

(Wang and Manning 2013)
(Ma, Zhang and Zhu 2014)

(Santos and Guimaraes
2015)

(Tsuboi 2014)

(Nietzio 2002)
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QuestionBank and Web
Generated Corpus
French Tree Bank

Custom

Custom

Penn Treebank

Mac Morpho
Several, PENN(Accuracy)

Various, Penn Treebank WSJ
(accuracy)

Brown Corpus

Brown(English), Several
others for other languages

Hyderabad TagSet
Several (PENN WSJ Accuracy)

UPENN(accuracy), ATR
General English Treebank

Brown

Several (PENN WSJ F1)

English
French
Amazighe

(Morocco)
English

English

Portoguese

English
(Accuracy),
Several

English

English

Multiple

Hindu,
Bengali
English

English

English
Engish

Word

Word

Word

Word
Word

Word
Word

Word

Word

Word

Word

Word

Word

Word
Word

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

Accuracy

F1

87,60%

97,70%

88,60%

99,08%
97,68%

96,48%
97,19%

96,29%

96,68%

97,65%

90,45%

96,63%

97,03%

96,55%
91,39%

Word Sequence, Suffix

Word Features, BiGram

Features, Multiwords
Lexical and N-Gram Features

Word Features

Word Features, Shape,

Word Embeddings

Word  Features, Shape,
suffix, Prefix, Word, Contains
Charactes, surrounding
Words

distributional, suffix and
shape features (FLORS)

Tag Lexicon, Sequence

Word, Suffix

Word Features, Tag lexicon,
Context Features
Reimplementation of FLORS

Phrase, Word Features

Custom Tag Lexicon

Word Embeddings,
Sequence

CRF (Semi and Fully Supervised, with
Viterbi fine tuning)

CRF

CRF, SVM

Maximum Entropy

Stanford PoS Tagger, not more
specifics?

MLP
High Order (pruned) CRF

SVM

Evolutionary Algorithms

Mulitlingual ~ Weightless  Artificial

Neural Network

Custom Simulated Annealing

Custom Online Algorithm

Log-Linear model

SVM
Neural CRF

(Subramanya, Petrov and
Pereira 2010)

(Constant and Sigogne
2011)

(Benajiba, Rosso and
Zenkouar 2011)

(Ma and Huang 2011)

(Manning, Part-of-Speech
Tagging from 97% to
100%: Is It Time for Some
Linguistics? 2011)
(Fonseca and Rosa 2013)

(Miiller, Schmid and
Schiitze 2013)

(Schnabel and Schtze
2014)

(Forsati and Shamsfard
2014)

(Carneiro, Franga and Lima
2015)

(Ekbal and Saha 2013)

(Yin, Schnabel and Schiitze
2015)
(Finch and Sumita 2015)

(Moore 2015)
(Durrett and Klein 2015)
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6.2] I"#$%&'&( )"+ +"-&(  .JO '+ $1$™* 10 02'3( *( &".0$-0(

¥ HSYE™ &H(&), (M+ ., NI" p(+ )*0LM 0." 020.3p, )d4+H2" 0.%5)802u$7+, 1) " &H1.&"
CONLL. ! &#8.3 0.9%53&H#(&)*+, )4+ *." +0+7#0.%1 )+16 & #,)A91,."6 , 0.3+ &#")*p(+3
&)HA&.T0Q*, 5(;3, % 3/)2.)#3 0.%53" +,9+7#*0.%1 .36:,.30"#4,6 0.3+"&"4, +%:)* <*0.%5)6
L& H'2+ +, YA+ * THOU(H)6 1) .2 "6 ) "&""H%&") /*-T#0.% )&*='W)4" -#%0.36 >+,
&HANO U, H)A" W) 4-THO0.% " 0)+1 YA+

%newarticle% null
acooiioTiko adjective/--/--/--/--
Kivntpae noun/--/--/--/--

710 preposition/--/--/--/--

va conjunction/--/--/--/--

¥ | -#903.36:.39"#4,6 null p(0, 0) (+, #-)4", &#":5)4 .3 [*:"&% u*,6,"5"=4,6 0." #)4". @+
=(5)* :2&""6 &-. +, ):&,*)20)* (+,+ 591# " +? &#1.,03,.1) W).? ,&1 :?=) 03u)4" 0.4:36=,
L&"#'20) +, ()% [*, "&"*/%&") 5(:3 1) .3+:.39"#4, null.! 5(:3 )% /)+ =, 53$=)4&1A3 0.3+
):&,41)03 %.3+ ,;*'519303 " 59"#4xu" , 557 :7=) $"#? &" ,591#*"6 ):&,*)2).* 0) p*,
SUBU=4 L) NF =, ) &(H, %&HF &L % . B.3 0'9:):#* u(+3)#9,04, 1 C"%=30D." +,
U3+53$="2+'&1A3 5(:)*6 ,&1 )&)+, Y%e&#"39" A1)+, 2H#=#, 0,+ &#'39"2)+3 %)&W)+35(;3, ,+ 3
&#'20, 5(;3 )4+*3 &#8.3 %3 )5).,4, )+162H=H".

¥ D" p)9?75" 02+"5" ).*%).8+ &5 UC?+)**6,:15"=)6 ).*:(.)6 .

I'H$%& () *$+$# (+,-$+IHS. (-/%O0&S+ (/S+10R!"  +,0+(+,-$+1#$.'(-1/%0&$+(/$+10&!"(32
I'H#$%&' () *$+$# (1'+$#S. (-1/9%08$+ (/$+1D&!" +,0+(L'+$#S$.'(-1/%08$+ (/$+10&!3@
I"H$%& () *$+$# (1%9%60/1#35.'(-1/%0&S$+ (/$+P0&!"  +,0+(1%%0/1#$.'(-//%08&$+ (/$+10882
I"H#$%&' () *$+$# (+,-$+1#S$. (-1/%0&S$+ (5& P& +,0+(+,-$+#$.'(-1/%0&$+(580"1&B2
"#$%&'()*$+$#' (1'+$#3.'(-1/%0&$+' (58D"1 & +,0+(1'+$#3.'(-1/%0&$+'(5&0" &R
I"#$%&' () *$+$# (1% %0/1#$.'(-11%0&$+(580"&  +,0+(1%%0/1#$.'(-//%08&$+ (580" BX
I"#$%0&' () *$+$# (+,-$+1#S. (- $+$+'(/$+10&" +,0+(+,-$+1#$.(M-$+$+'(/$+10&!"( 32
I'H$%& () *$+$# (L' +$#S. (*-$+$+(/$+108.!" +,0+(L+$#S.'(*-$+$+'(/$+10&!"82
I"#$%&' () *$+$# (1% %0/ 1H#S$.' (*'-$+$+'(/$+108&!" +,0+(1%%0/1#$.' (*-$+$+'(/$+10&!'32
"#E%&' () *$+$# (+,-$+1#3." (*-$+$+'(5&0"2& +,0+(+,-$+1#$.'(*-$+$+'(5&0"1&( 32
I'H$%& () *$+$# (L' +$#S. (F-$+$+' (5&2'1& +,0+(1+$HS$. (*-$+$+'(5&0"1&82
I"#$%&' () *$+$# (1% %0/ 1#S$.' (*'-$+$+'(58D"1& +,0+(1%%0/1#$.'(*-$+$+'(5&0"1 &R
I"H#$%8Q TS +SH (+,-$+1#$. (+'0#"(I$+10&1"2 +,0+(+,-$+#S$. (+'0#"(/$+10&!"( 33

DAYHS. (+,-$+1#3$. (-1/%0&S+ (/$+10&!"B2
NA%H#S. (1'+$4S. (-1/%08$+ (/$+10&BR
DAY%HS. (1%69%0/1#8$.'(-1/%08$+ (/$+1083%
1)A'%#HS. (+,-$+1#$.'(-/1%0&$+ (580" AR
NA%H#S. (1'+$4S. (-1/%08$+ (5&0"BE
NA'%HS. (1%%0ES. (-1/%085+ (5&0"1 &2
NAYHS. (+,-$+#S." (*-$+$+'(/$+108&!"(32
NA'%#S. (1+$#S. (¥~ $+$+(/$+10&82
D4'%#S.' (1%%0/HS. (-$+$+(/$+10&3@
DAYHS. (+,-$+#S$.'(*-$+$+( 5&0"1&2
NA'%#HS. (1'+$#S. (*-$+$+'(5&0" A2
DA%HS. (1%%0/#$. (*-$+$+(5&0"188
DAYHS. (+,-$+1#$. (+'0#"(/$+10&!"(32

I"HEY68 () *$+SH (1 +SHS. (+O#" (/$+ 1B

I"HB%8 () *$+$# 196960/ HE 04" ($+108.12

I"HBO6& () *S+SH (+,-$+HS. (+0#" (5&0" B

I"HEY68 () *$+$# (L +$H#S. (+0#" (5&P1&

I"HE%8 () *$+$# (19696013, (+' 04" (582"1&
I"HEY68 ($+) *S+G# (+,-$+HS. (1/%08S$+ (/$+1Q8!"
I"HB06& ($+)*$+$H (1'+$#3.'(-/%0&S$+ (/$+20&!"
I"HBY68 ($+) *$+G# (196960143 (-1/%0&S+ (/$210&
I"HEY6& ($+) *S+# (+,-$+ 148 (1/%08$+ (580"1&
I"HE%68 ($+) *S+5# (1 +$#S. (-1/%08&S+ (580"1&
I"HEY68 ($+) *S+S# (196%60/14#8. (-1/%08&S+ (5RO"1&

+,0+(1+$HS. (+'0#"(/$+1081"G2
+,0+(196%60/14$. (+'0#" (/$+10&!'%2
+,0+(+,-$+ 148 (+'0#"(580"&( 32
+,0+(1'+ $#$. (+'0#"(5&0"1 842
+,0+(1%%0/14$.'(+'0#" (580"1&32
+,0+(., %618, (-//%08$+ (/$+108Y32
+,0+(., % H$.'(-1/%08$+'(580"18%2
+,0+(. S (*-$+$+ (/$+108&!"(32
+,0+(., 1S, (*-$+$+(580"1&(32
+,0-+(., Y01H$. (+0#" (/$+1081"(32
+,0+(, %148, (+'0#"(580"1&(32

2

NNDNNDDN

DAYEHS. (1+$4#S. (+0#" (/$+10&!"32

4'%#S. (1%%0/14#3.'(+'0#" (/$+10&13@

DA'YoHS. (+,-$+#S.'(+0H"(5&0"18&(32
A'%#S. (1'+$4#8. (+0#"(580"1&32
D4'%#S.'(1%%0/1#S$. (+'0#" (580" 8@

DA'%HS. (., %S (-1/%0&$+ (/$+10&!132

NA'%HS.'(., %S, (-1/%08$+ (580" 8@

) 4%#S.'(.,%#8. (*-$+5+ (/$+108132

NA'%HS. (., %I#S. (*-$+$+(5&0"1 882
DA'YHS. (. Y. (+0#" (/$+108!" G2
DAHS.'(.,%14$. (+0#"(5&0"1&E2

NNNNNDNNNONNNNNNNNDNDNDNNONNNNNNNNNDNDNNNDNNDNDDN
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I"HB06& ($+) *S+SH (L'+$HS. (*-$+S+H(S+1D&I"  I'HE%& (55, /$HS, +1&(1'+$HS. (*-$+$+(5&A"& 5" +,0+($+*€%0#$,+& (B3B3
I"HBY68 ($+) *S+G# 106960/ 1S, (-$+$+ (S+PO&I"  1"#S06& (5"5,I$HS, +I&(L'+SHS. (M- $+S+($+1@RI" 5" +,0+( 38+ -$+#$.'( 38$+10&2
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