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)9O@4./721J 
!"#$%& '(  )'*+(  ,(  *-#("$./).0  '*" µ& /1,  *2$3+421,/( %('565/)  µ1-  %. 70,(  !,8"1-/.921-+1  6$( /5,  

%('18)65.5  %($ /5 31)'*$(  21- µ1-  2("*:#*  %(/& /5 8$&"%*$( /5;  *%29,5.5; (-/);  /5;  *"6(.:(; . </5 

.-,4#*$(  '(  )'*+(  ,(  *-#("$./).0  /1-;  315'1=;  %($ /1-;  .- µ>1$/5/4; µ1-  (29 /5,  ? µ&8( @2*A*"6(.:(;  

B-.$%);  C+D..(;  /1-  ?E!  6$( /$; .- µ31-+4; %($ /$; -218*:A*$; /1-;  2&,0 ./5,  *"6(.:(  µ1- , %($ $8:0; /1,  

.- µ>1$/5/) µ1-  F&.1 G(+$,&%5, µ* /1,  121:1 .-,*"6(./)%( µ* ./(  2+(:.$(  /0,  8$2+0µ(/$%D, µ(; . ?>*:+0  

4,(  µ*6&+1 *-#("$./D  ./1-;  >1$/5/4; 21- (.#1+5')%(,  µ* /1 '4 µ(  /5;  *"6( .:(;  µ1-  2"$, (29 *µ4,( , /1-;  

E"98"1 µ1 G(+(%(.$D/5 , H0&,,5 I"1,&%5 , J0,./(,/:,1  E(22& %($ @-(66*+:( J1+4+5, (>1= 1$ *"6(.:*; , 

1 %D8$%(; %($ /(  8*81µ4,(  21- µ1-  2("*:#(,  (21/4+*.(,  3&.5 6$( /5,  *%29,5.5 (-/);  /5;  *"6(.:(; .  

@2$2+41, 2"42*$ ,(  *-#("$./).0  /5,  1µ&8( (,&2/-A5;  /1-  Deeplearning4j 6$( /5,  &µ*.5  (,/(29%"$.)  /1-;  

.*  /*#,$%& '4 µ(/(  21- .-,&,/5.(  %(/& /5 8$&"%*$( /5;  (,&2/-A5;  +16$.µ$%1= ,*-"0,$%D,  8$%/=0,, /1,  

Wang Ling 6$( /5,  2("1#)  +16$.µ$%1= *2$.5µ*:0.5;  µ*"D,  /1-  +961- µ* LSTM, %('D;  %($ /1,  %('565/)  

Christopher D. Manning, 21- µ1-  (2&,/5.*  .*  *"0/).*$;  6$( /1 2(%4/1 Stanford NER. 

K(  )'*+(  ,(  *-#("$./).0  $8$(:/*"( /5,  */($":(  ./5,  121:( *"6&L1µ($ Ð Incelligent HJ@ Ð 6$( /1-;  -+$%1=; 

(++& %-"$9/*"( #"1,$%1=; 29"1-;  21- µ1-  2("*:#*  %(/& /5 8$&"%*$(  /5;  *%29,5.5; /5;  8$2+0µ(/$%); µ1- , 

%('D;  %($ 6$( /5,  %(/(,95.5  21- 48*$A(, 1$ .-,&8*+>1:  µ1-  .*  2*"$981-; µ*6&+5; 2:*.5;  %($ &6#1-; 

/(-/9#"1,(  (29 /5 81-+*$& %($ /5 8$2+0µ(/$%) µ1-  *"6(.:( . F4+1;, (,  %($ 8*,  >(:,*/($  5 21+= .5 µ(,/$%) 

*2$""1)  /1-;  &µ*.(  ./5,  *"6(.:( , '(  )'*+(  ,(  *-#("$./).0  /5,  1$%164,*$( %($ /1-;  ./*,1=;  >:+1-;  µ1- , 

6$( 9+5 /5,  -21./)"$A)  /1-;  ./5,  %('5µ*"$,)  µ1-  L0) . 
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1.!)./@;3;B  
S @2$.5µ*:0.5  G*"D,  /1-  P961- (@GP, part-of-speech tagging) .*  %*:µ*,(  *:,($ 4,(  .5 µ(,/$%9 2"93+5µ(  

./5,  @2*A*"6(.:( B-.$%);  C+D..(;  %($ -2&"#*$ ("%*/& µ*6&+5 . #*/$%) 3$3+$16"(>:(. <%129; (-/);  /5;  

*"6(.:(;  *:,($ ,(  8$*"*-,5'1=,  2$'(,1:  /"92 1$ (,/$ µ*/D2$.5;  /1-  2"13+)µ(/1;  @GP 6$( /5,  *++5,$%) 

6+D..( , 21- '(  (A$121$1=, ,4*;  2"1.*66:.*$; , %-":0;  3(.$. µ4,*;  .*  8$(,-. µ(/$%4; 2("(./&.*$;  +4A*0, 

(word embeddings) %($ 3('$& ,*-"0,$%& 8:%/-( (deep neural networks), 3*+/$D,1,/(;  /(  (21/*+4. µ(/(  

2(+($9/*"0,  *"6(.$D,  (J1+4+5 2011; E(22&;  2008; I"1,&%5;  2006; G(+(%(.$D/5;  2005). 

1.1.! #14.;4@PB #48Q<Bµ@78J 

F1 2"93+5µ(  (>1"&  /5,  (,/$./1:#$.5  µ$(; )  %($ 2*"$..9/*"0,  */$%*/D, (tags) µ*"D,  /1-  +961- .*  %&'* 

+4A5 *,9;  .-,9+1-  %*$µ4,0,  (I"1,&%5;  2006). F1 2"93+5µ(  *:,($ $8$(:/*"( .=,'*/1  8$9/$ 5 :8$( +4A5 µ21"*: 

,(  (,)%*$ .*  8$(>1"*/$%9 µ4"1; /1-  +961- (,&+16(  µ* /(  .- µ>"(L9µ*,& /5; . @2:.5;, 4,(  +*A$%9 '(  )/( ,  

8=.%1+1 ,(  %(+=U*$ 9+*; /$; +4A*$; µ$(; 6+D..(; , (>1= µ* /5 2&"181 /1-  #"9,1-  2"1./:'*,/($  %($,1="$*; 

+4A*$; ./5,  6+D..(  ($8$(:/*"( /*#,$%1: 9"1$) %($ µ21"*: ,(  -2&"#1-,  +4A*$; 21- *µ>(,:L1,/($  21+= .2&,$( . 

O,(  #("(%/5"$./$%9 (2+9 2("&8*$6µ(  *:,($ 5 #"). 5 /5;  +4A5; Ç/1È 2("(%&/0 : 

¥! @:8* 78 2"&.$,1 84,/"1 . (78: &"'"1 ) 

¥! (8  *:2* ./1,  C$D"61. (78: (,/0,- µ:( ) 

V20;  >(:,*/($ , 5 +4A5 Ç/1È (++&L*$ /1 µ4"1; /1-  +961- /5;  (,&+16(  µ* /(  .- µ>"(L9µ*,& /5; . T++1 

2("&8*$6µ(  *:,($ 5 +4A5 Ò"(2&"0 Ó, 21- µ21"*: ,(  µ5,  *µ>(,:L*/ ($ .*  %&21$1 +*A$%9, (>1= *µ>(,:./5%*  

2"9.>(/(  ./5,  *++5,$%) 6+D..( . 

1.2.! #14.;4@PB N->4O8678J ,9/7B µ@78J 

</(  2+(:.$(  2"1561=µ*,0,  *"6(.$D, , %-":0;  (J1+4+5 2011), (,(2/=#'5%*  4,(  .=./5 µ(  3(.$. µ4,1 .*  

/(A$,1µ5/)  µ46$./5; *,/"12:(;  (maximum entropy classifier), /1 121:1 *2$/-6#&,*$ ("%*/& -U5+& *2:2*8( 

1"'9/5/(; . F1 .-6%*%"$µ4,1 .=./5 µ(  *%2($8*=*/($ .*  #*$"0,(%/$%& *2$.5µ*$0µ4,(  %*:µ*,( , 85+(8) 

%*:µ*,(  ./(  121:( 1$ .0./4;  */$%4/*; (µ4"5 /1-  +961-) /0,  +4A*0, 4#1-, .5 µ*$0'*:  (29 (,'"D21 -; . C$( 

%&'* +4A5, /5;  121:(;  2"1.2('*:  ,(  µ(,/4U*$ /5 .0./)  */$%4/(, #"5.$µ121$*: $8$9/5/*; (features) 21- 

2("4#1-,  2+5"1>1":*;  6$( /5 µ1">1+16:( /5;  :8$(; /5;  +4A5; (++& %($ 6$( /$; +4A*$; 21- 3":.%1,/($  6="0 

/5; . !>1=  1 /(A$,1µ5/);  8D.*$ */$%4/*; ./$;  +4A*$; *,9;  %*$µ4,1- , 6:,*/($  *% /0,  -./4"0,  *2$.5µ*:0.5  

(meta-tagging) µ* 4,(  2"9.'*/1  -21-.=./5 µ( , /1 121:1 #"5.$µ121$*: +*A$%9 %($ #*$"0,(%/$%& 

%(/(.%*-(. µ4,1-;  %(,9,*; , 1$ 121:1$ 8$1"'D,1-,  2.#. %1$,& +&'5 /1-  /(A$,1µ5/) . F1 2("(2&,0  .=./5 µ(  

#"5.$µ121$)'5%* 0;  (>*/5":(  (-/);  /5;  *"6(.:(; . 
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<-,12/$%& /1 2"1561=µ*,1  .=./5 µ(  '(  µ21"1=.*  ,(  2*"$6"&>*$ ./(  2("(%&/0  .#) µ(/( : 

 

!"#$%& 1: !#'&()*+,-  #&" &."/0$1-,-  '2/-1/3 µ*%/+ ,+,45µ&4/6.  

 

!"#$%& 2: 725,-  '2/- 1/3µ*%/+ ,+,45µ&4/6 1"& 4-% *'",- µ*(8,-  91%8,4/+ #*"µ:%/+. 

1.3.! ,7:O8.  

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

¥! !,(2("(606)  %($ (,(%(/(.%*-)  /1-  2"1561=µ*,1-  .-./) µ(/1; , D./*  ,(  *:,($ 2$1 *=%1+( 

*2*%/&.$µ1 µ* 2("(2&,0  (+61":' µ1-; , 8-,( µ$%9 ("$' µ9 %(/561"$D, %($ *$.(606)  ,40,  $8$1/)/0,. 

¥! I").5  ,40,  $8$1/)/0,, 920;  8$(,-. µ(/$%4; 2("(./&.*$;  +4A*0,, 6$( ,(  8$*"*-,5'*:  (,  .- µ3&++1-, 

./5  3*+/:0.5  /5;  1"'9/5/(;  /0,  /(A$,1µ5/D, . 

¥! !A$121:5.5 2"9.'*/0,  µ*'980,  µ5#(,$%); µ&'5.5; , 920;  /(  M29 <-,')%5  F-#(:(  E*8:(  

(Conditional Random Fields) %($ /(  Q('$& R*-"0,$%& N:%/-( (Deep Neural Networks). 

¥! Q*+/:0.5  /5;  *% /0,  -./4"0,  *2$.5µ*:0.5;  (meta tagging), µ* ./9#1  /5 3*+/:0.5  /5;  1"'9/5/(;  /1-  

.-./) µ(/1; . 
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1.4.! !8 µB )4;@/2@J 

S *"6(.:(  4#*$ /5,  2("(%&/0  81µ) :  

¥! J*>&+($1 1: @$.(606) ./1  2"93+5µ(  %($ *2*A)65.5 /1-  2"1561=µ*,1-  .-./) µ(/1; . 

¥! J*>&+($1 2: K*0"5/$%9 -293('"1  %($ .#*/$%4; 2"1561=µ*,*;  4"*-,*; . 

¥! J*>&+($1 3: E*"$6"(>)  /1-  .-./) µ(/1;  /5;  2("1=.(;  *"6(.:(; . 

¥! J*>&+($1 4: E*"$6"(>)  2*$"(µ&/0,  %($ (A$1+965.5 /1-  .-./) µ(/1; . 

¥! J*>&+($1 5: <- µ2*"&. µ(/(  %($ 2"1/*$,9µ*,5  µ*++1,/$%) 4"*-,( . 

¥! J*>&+($1 6: E("&"/5 µ(  µ* +*A$%9 9"0, , *-"*/)"$1  *$%9,0, %($ 2$,&%0,, 2564; %.+2. 
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2.!I13407.=:  N-:Q@F48 =@. ,O17.=B R4196@ 
C$( /5,  *2$+16) (+61":' µ0,  µ&'5.5;  (++& %($ $8$1/)/0, #"*$&./5%* $8$(:/*"( *%/*,);  3$3+$16"(>$%) 

4"*-,( . <* (-/)  /5,  *,9/5/(  2("(/:'*,/($  1$ 2564; 21- 31)'5.(,  ./5,  (,&2/-A5  /1-  .-./) µ(/1;  %($ 

#").$ µ*;  *$.(606$%4; 4,,1$*;.  

2.1.! A4B/. µ1J R668.1J  

2.1.1.! ! '",- µ*(8,-  ; *2<% 4/+ =$1/+ 

S *2$.5µ*:0.5  µ*"D,  /1-  +961- (@GP) (>1"&  /5,  *="*.5  /5;  %(/&++5+5; */$%4/(;  21- *%>"&L*$ /1 µ4"1; 

/1-  +961- %&'* +4A5;. V20;  (,(>4"'5%*  2("(2&,0 , µ21"*: ,(  >(:,*/($  .(,  4,(  2"93+5µ(  21- '(  +-,9/(,  

µ* /5 #").5  *,9;  *%/*/(µ4,1-  +*A$%1=, (++& 5 21+-2+1%9/5/( %($ 5 µ*/(3+5/9/5/(  /5;  6+D..(;  8*,  /1 

*2$/"421-,. C$( (-/9  /1 +961 #"5.$µ121$1=,/($ %-":0;  (+69"$'µ1$ µ5#(,$%); µ&'5.5; . O,(  (2+9 

2("&8*$6µ(  *2$.5µ*:0.5;  *:,($ /1 2("(%&/0 : 

 

!"#$%& 3 >%& &'0$ '&29)*"1µ& *'",- µ*(8,-6  #*"µ:%/+. 

E1++4; >1"4; 1$ 2("(69 µ*,*;  */$%4/*; #"5.$µ121$1=,/($ .(,  $8$9/5/*; 6$( 2$1 2*":2+1%( 2"13+)µ(/( , 920;  

5 (21.(>),$.5  *,,1$D,  %($ 5 (,&+-.5  .-,($.') µ(/1;  (Wiriyathammabhum, et al. 2012; Qian, et al. 2015). 

2.1.2.! ;:1",4-  !%42/'(&, ?2+@9 ;&2#/A"&%9 ;/%4:0&, B'$  C+%D5#- E+F&(& G*)(& 

V20;  2"1(,(>4"'5%* , /1 2"1561=µ*,1  .=./5 µ(  3(.:L*/($  .*  /( A$,1µ5/4; µ46$./5; *,/"12:(;  (J1+4+5 

2011). E"9%*$/($ 6$( 8$(8*81µ4,5 µ4'181 *2$3+*29µ*,5;  µ&'5.5; , 21- 4#*$ #"5.$µ121$5'*: *%/*,D; ./5,  

@GP (Ratnaparkhi 1996) %($ 2*"$6"&>*/($ ./$;  2"1561=µ*,*;  *"6(.:*; . W; *% /1=/1-  8*,  2*"$6"&>*/($ 

2*"($/4"0  *8D.  

F(  .-./) µ(/(  @GP .-#,&  #"5.$µ121$1=, *2:.5;  J"->&  G("%13$(,& G1,/4+(  (Hidden Markov Models, 

HMM) (Cutting, et al. 1992) )  G("%13$(,& G1,/4+(  G46$./5; @,/"12:(;  (Maximum Entropy Markov 

Models, MEMM) )  M29 <-,')%5  F-#(:(  E*8:(  (Conditional Random Fields, CRF) (Lafferty, McCallum and 

Pereira 2001), /(  121:( *2:.5;  2*"$6"&>1,/($ *%/*,D; ./5  3$3+$16"(>:(. F(  µ1,/4+(  (-/&  *A*/&L1-, /5,  

(,&'*.5  */$%*/D, . -,1+$%& 6$( 9+( /(  ./1$#*:(  µ$(; (%1+1-':(;  (./5,  2*":2/0.)  µ(; , /$; +4A*$; µ$(; 

2"9/(.5; ), (,/:'*/(  (29 /1-;  /(A$,1µ5/4; µ46$./5; *,/"12:(;  (%($ &++1-; (+61":' µ1-; ), 21- (21>(.:L1-,  

A*#0"$./& /5,  */$%4/( %&'* ./1$#*:1- (+4A5;) /5;  (%1+1-':(; . 
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2.1.3.! ;-F&%:6 H"&%+,µ948% B'/,452".-6  

<* %&21$( (29 /(  2*$"&µ(/(  /5;  *"6(.:(; , #"5.$µ121$1=,/($ *2:.5;  G5#(,4;  N$(,-. µ&/0,  M21./)"$A5; 

(Support Vector Machines, SVM), 21- 2("1-.$&L1-,  .-#,&  $8$(:/*"( %(+4; *2$89.*$; .*  2"13+)µ(/(  

*2$3+*29µ*,5;  µ&'5.5;  %($ 2*"$6"&>1,/($ *2:. 5; *%/*,D; ./5  3$3+$16"(>:( (Burges 1998).  

2.1.4.! I&D"9 J*+28%"#9 H(#4+& 

S (=A5.5 /5;  8$('4.$µ5; -21+16$./$%); $.#=1;, 5 8$('*.$µ9/5/(  /*"&./$0,  .-,9+0,  8*81µ4,0, , (++& %($ 

5 (,(%&+-U5 ,40,  /*#,$%D, *%2(:8*-.5;  *24/"*U(,  /(  /*+*-/(:(  #"9,$( /5,  *%2(:8*-.5  R*-"0,$%D, 

N$%/=0, (Neural Networks, RR) 21+= 2*"$..9/*"0,  *2$2480, .*  .#4.5  µ* /(  8:%/-( /1-  2("*+'9,/1; . F(  

Ç3('$&È ,4(  ,*-"0,$%& 8:%/-( 4#1-, .-#,&  %(+=/*"5 $%(,9/5/( 6*,:%*-.5;  (29 /(  2(+$9/*"(  %$ 4/.$ 4#1-, 

6:,*$ $8$(:/*"( 85µ1>$+) ./5,  @2*A*"6(.:( B-.$%);  C+D..(;  (Collobert %($ Weston 2008; Goldberg 2015) 

%($ /1-;  2*"$..9/*"1-;  /1µ*:;  /5;  F*#,5/);  R15µ1.=,5; . S 2$1 8$(8*81µ4,5 µ4'181; *%2(:8*-.5;  *,9;  

,*-"0,$%1= 8$%/=1- *:,($ 5 (,&./"1>5  8$&81.5 (backpropagation), 921- /1 .>&+µ(  21- %&,*$ /1 8:%/-1 .*  

µ$( 2"93+*U5 %(/& /5,  *%2(:8*-.5  8$(8:8*/($ .*  9+1-; /1-;  ,*-"D,*;  /1- , (29 /1 *2:2*81 *A981- 

(,&./"1>(  0;  /1 ("#$%9 *2:2*81 (LeCun, et al. 1998). 

2.1.5.! K%&42/@/)/4/3µ*%& J*+28%"#9 H(#4+& 

G$( *$8$%) %(/561":( RR *:,($ /(  (,(/"1>181/1= µ*,(  ,*-"0,$%& 8:%/-( (recurrent Neural Networks - rNN) 

(Lipton 2015; Graves, Fernandez, et al. 2006; Graves 2012). S 4A181; *,9;  rNN (./5,  2*":2/0.)  µ(;  5 

2"93+*U5 6$( /5,  */$%4/( /5;  /"4#1-.(;  +4A5;) *A("/&/($  9#$ µ9,1 (29 /5,  *:.181 (/$; $8$9/5/*; /5;  

/"4#1-.(;  +4A5; ) /%($ /0,  6*$/1,$%D, /5;  +4A*0,) (++& %($ (29 /5,  2"1561=µ*,5  %(/&./(.5  /1-  8$%/=1-. 

N$($.'5/$%&, 5 2"1561=µ*,5  %(/&./(.5  /1-  8$%/=1- %08$%121$*: 2+5"1>1":*;  .#*/$%4; µ* 9+*; /$; 

2"1561=µ*,*;  +4A*$;, 21- 920;  *:8(µ* *:,($ #").$ µ*;  %(/& /5,  @GP ((++& %($ .*  &++( 2"13+)µ(/( ).  

O,(  2"93+5µ(  µ* /(  rNN *:,($ 20;  %(/& /5 8$(8$%(.:( /5;  (,(,40.5;  /0,  3("D,  µ* (,&./"1>5  8$&81.5, 

/1 .) µ(  /1-  .>&+µ(/1;  .-#,&  *A(.'*,*:  ./(8$(%& (%('D;  µ*/(8:8*/($  (29 /1 /*+*-/(:1  *2:2*81 2"1;  /1 

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

*$8$%4; µ1">4; rNN, 920;  /(  Gated Recurrent Units (GRU) %($ /(  Long Short Term Memory (LSTM), 1$ 

121:*; *2$/"421-, /5 8$(/)"5.5  ()  (218-,& µ0.5 ) /1-  .) µ(/1;  /1-  .>&+µ(/1;  %(/& /5,  (,&./"1>5  8$&81.5 

(Lipton 2015; Graves 2012). 

2.1.6.! ;*42"#:6 K."/0$1-,-6  

</5,  @GP #"5.$µ121$1=,/($ .-,)'0;  /(  (%9+1-'(  µ4/"(  (A$1+965.5;: 

¥! ?"'9/5/(  (accuracy): ?  +961; /0,  *2$/-#5µ4,0,  2"13+4U*0, (.0./D,  */$%*/D,) 2"1;  /1,  ("$' µ9 

/0,  .-,1+$%D, 2"13+4U*0,. 
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¥! !%":3*$( (precision) (,&  %(/561":( (µ4"1; /1-  +961-): F1 2+)'1;  /0,  *µ>(,:.*0,  +4A*0, 21- 

%(/*/&65.(,  .0./&  ./5  .-6%*%"$µ4,5 %(/561":( 2"1;  /1,  ("$' µ9 /0,  *µ>(,:.*0,  +4A*0, 21- 

%(/*/&65.(,  (.0./&  )  +(,'(. µ4,( ) ./5  .-6%*%"$µ4,5 %(/561":( 
!" #$%&'()*)+$(

!"#$ %&'()*)+$( , -./($ %&'()*)+$(
. 

¥! !,&%+5.5  (recall) (,&  %(/561":( (µ4"1; /1-  +961-): F1 2+)'1;  /0,  *µ>(,:.*0,  +4A*0, 21- 

%(/*/&65.(,  .0./&  ./5  .-6%*%"$µ4,5 %(/561":( 2"1;  /1,  ("$' µ9 /0,  *µ>(,:.*0,  +4A*0, 21-  

2"(6 µ(/$%& (,)%1-,  ./5  .-6%*%"$µ4,5 %(/561":( 
!"#$ %&'()*)+$(

!"#$ %&'()*)+$( , -./($ %0$1.*)+$(
. 

2.2.! E.Q<.8;4@P.=B )-./=:-0/0  )-./0 µ123/0J &1456  789 $:;89  

O,(  (29 /(  2"D/(  6,0./&  .D µ(/(  %*$µ4,0, , /1 Brown Corpus, *2$.5µ*$D'5%* #*$"0,(%/$%& µ* µ4"5 /1-  

+961- /5 8*%(*/:( /1-  1960 (29 /1-;  Francis %($ Kucera (Meyer 1996). G:(  (29 /$; 2"D/*;  (292*$"*; 

(-/9 µ(/5;  @GP, /1 .=./5 µ(  µ* %(,9,*;  /1-  Greene (Greene 1971), µ* 21.1./9  1"'9/5/(;  ./1  .=,1+1  

(A$1+965.5; %1,/& ./1  77%.  

E1+= (2181/$%4; 2"1.2&'*$*;  (-/9 µ(/5;  @GP µ* J"->&  G("%13$(,& G1,/4+(  (Kempe 1993; Cutting, et 

al. 1992), >/&,1,/(;  2*":21-  /1 96% .*  21.1./9  1"'9/5/(;  ./(  %*:µ*,(  (A$1+965.5;. X85 /1 1994 4#1-µ* 

/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/(;  (Schmidt 1994). To 1996 #"5.$µ121$*:/($ /1 µ1,/4+1 G46$./5; @,/"12:(;  ./1  .D µ(  

%*$µ4,0,  Penn-Treebank (Ratnaparkhi 1996) µ* 21.1./9  1"'9/5/(;  %1,/& ./1  96,5%. O#1-, 

#"5.$µ121$5'*: *2:.5;  G5#(,4;  N$(,-. µ&/0,  M21./)"$A5; (SVM) ./5,  @GP µ* 21.1./9  1"'9/5/(;  

.#*89,  92% ./(  C*" µ(,$%& (Nietzio 2002). 

O#*$ 6:,*$ #").5  M29 <-,')%5  F-#(: 0,  E*8:0,  (CRF) 6$( /5,  @GP .*  .D µ(  %*$µ4,0,  µ* *"0/).*$;  (29 

/1 N$(8:%/-1 (Subramanya, Petrov and Pereira 2010), 2*/-#(:,1,/(;  1"'9/5/(  87,6%, 5 121:( *:,($ $8$(:/*"( 

-U5+)  6$( (-/1=  /1-  *:81-;  .D µ(/(  %*$µ4,0, . !%9µ(  µ$( 2"1.2&'*$(  6:,*/( $ µ* /5 #").5  CRF .*  6(++$%& 

%*:µ*,( , 921- *2$/-6#&,*/($ 1"'9/5/(  97,7% (Constant and Sigogne 2011). S #").5  CRF (%9µ(  %($ .*  

+$69/*"1 8$(8*81µ4,*;  6+D..*;  (Amazighe Ð G("9%1) µ21"*: ,(  2("&6*$ 21.1./&  1"'9/5/( ;  %1,/& ./1  

86%, 2*":21-  :8$( µ* (-/)  21- 8:,*$ 5 #").5  SVM (Benajiba, Rosso and Zenkouar 2011). C*,$%9/*"( /(  

CRF -U5+D, /&A*0, 8*:#,1-,  $%(,& ,(  2*/=#1-,  1"'9/5/(  &,0  /1-  90% .*  21++4; 6+D..*;  (MŸller, Schmid 

and SchŸtze 2013) . S #").5  µ1,/4+0,  µ46$./5; *,/"12:(;  >(:,*/($  ,(  315'&*$ .*  .#*/$%& µ$%"& .D µ(/(  

%*$µ4,0,  %($ ,(  *2$/-6#&,*$ *,:1/*  21.1./&  -U5+9/*"(  /1-  98% (Ma and Huang 2011).  

E("  Õ9+1 21- 8*,  #"5.$µ121$1=,/($ .-#,&  ./5,  @GP, 1$ 6*,*/$%1: (+69"$'µ1$ µ21"1=,  ,(  2*/=#1-,  ("%*/& 

%(+& 21.1./&  1"'9/5/(;  96,68%, (Forsati and Shamsfard 2014). S #").5  8$(>1"*/$%1= .-,9+1-  */$%*/D, 

(tagset) µ*" D,  /1-  +961- µ21"*: *2:.5;  ,(  *,$.#=.*$ /5,  1"'9/5/(  /0,  (+61":' µ0,  @GP (Moore 2015).  

G*/&  /1 2012 4#*$ ("#:.*$  ,(  6:,*/($  $8$(:/*"(  .-#,)  5 #").5  R*-"0,$%D, N$%/=0,, %-":0;  +960 /5;  

8$&81.5; /0,  Q('$D,  !"#$/*%/1,$%D, G&'5.5;  (Deep Learning). Q+421-µ* 20;  1$ ,4*;  ("#$/*%/1,$%4; 
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R*-"0,$%D, N$%/=0, *2$/-6#&,1-, $8$(:/*"(  -U5+& 21.1./&  ./ 5,  @GP .*  21++4; 6+D..*;  (Carneiro, 

Fran•a and Lima 2015). P960 /0,  21+= %(+D, (21/*+*. µ&/0,  21- *:#(,  /(  R*-"0,$%& N:%/-( %($ 1 CRF, 

(,(2/=#'5%*  µ$( 2"1. 466$.) 21- /(  .-,8-&L*$  %($ /(  8=1 (Durrett and Klein 2015). 

?  Manning .5 µ*$D,*$ 20;  /*+$%& .5 µ(.:(  8*,  4#*$ ./5,  @GP µ9,1 5 *2$+16) 8$(>1"*/$%D, (+61":' µ0,  

µ&'5.5;  %($ $8$1/)/0, *%2(:8*-.5; , (++& %($ 5 *2$+16) .0./9/*"0,  %(/561"$D, (µ*"D,  /1-  +961-) %($ 

%(,9,0,  *2$.5µ*:0.5;  (Manning 2011). </5 .-,4#*$(  (,(>4"*$  20;  :.0;  '(  42"*2* ,(  *./$&.1- µ* ./5,  

1"'9/5/(  @GP (,&  2"9/(.5  %($ 9#$ (,&  +4A5, 8$9/$ µ$( 2+)"0;  .0./&  *2$.5µ*$0µ4,5 2"9/(.5  8:,*$ 

µ*6(+=/*"5  (A:(  ./$;  *>(" µ164; 921- #"5.$µ121$*:/($ 5 @GP. 

F(  /*+*-/(:(  #"9,$( #"5.$µ121$1=,/($ *-"40;  ./5,  *2*A*"6(.:(  >-.$%); 6+D..(;  (%($ /5,  @GP) 

8$(,-. µ(/$%4; 2("(./&.*$;  +4A*0, (word embeddings) (Collobert and Weston 2008; Mikolov, Sutskever, et 

al. 2013; Pennington, Socher and Manning 2014), 21- (2*$%1,:L1-, +4A*$; µ* 2("9 µ1$*; .5 µ(.:*;  )  .=,/(A5  

.*  %1,/$,& .5 µ*:(  *,9;  21+-8$&./(/1-  8$(,-. µ(/$%1= #D"1-. E("9 µ1$*; 8$(,-. µ(/$%4; 2("(./&.*$;  *:#(,  

#"5.$µ121$5'*: %($ 2(+($9/*"(  ./5,  @GP (SchŸtze 1995) %($ (%9µ(  ,0":/*"(  ./5,  *2*A*"6(. :(  >-.$%); 

6+D..(;  6*,$%9/*"( (Rumelahart, Hinton and Williams 1986). </5,  2*":2/0.5  /5;  @GP, 5 8$(,-. µ(/$%) 

2("&./(.5  µ$(; +4A5; ./5,  121:( 2"42*$ ,(  (2181'*:  */$%4/( µ4"1-;  /1-  +961- µ21"*: ,(  #"5.$µ121$5'*: 

0;  8$&,-.µ(  $8$1/)/0, /5;  (feature vector), *, 8*#1µ4,0;  .*  .-,8-(. µ9 µ* /$; 8$(,-. µ(/$%4; 2("(./&.*$;  

/0,  6*$/1,$%D, /5;  +4A*0, (Wang %($ Manning 2013; Ma, Zhang %($ Zhu 2014). N$(,-. µ(/$%4; 2("(./&.*$;  

+4A*0, µ(L: µ* &++*; $8$9/5/*; µ21"1=, ,(  8D.1-,  µ4#"$ 97,5% 1"'9/5/(;  (Tsuboi 2014). !,(>4"*/($  20;  

5 #").5  /0,  .-6%*%"$µ4,0,  8$(,-. µ(/$%D, 2("(./&.*0,  +4A*0, µ21"*: ,(  315').*$  $8$(:/*"( .*  @GP 6$( 

+4A*$; 21- 4#1-µ* .-,(,/).*$  %(/& /5 %(/(.%*-)  /1-; , (++& 9#$ 6$( &6,0./*;  +4A*$; (out of vocabulary 

words) (Fonseca and Rosa 2013). 

E"9.>(/(  -2)"A*  *µ2+1-/$.µ9;  /0,  8$(,-. µ(/$%D, 2("(./&.*0,  +4A*0,, D./*  ,(  +(µ3&,1-,  .*  

µ*6(+=/*"1  3(' µ9 -29U5 /1-;  /5 µ1">1+16:( /0,  +4A*0, (Cotterell and SchŸtze 2015; Luong, Socher and 

Manning 2013). @2:.5;, 5 #").5  2$1 2*":2+1%0, ("#$/*%/1,$%D, µ&'5.5;  6$( /5,  2("(606)  8$(,-. µ(/$%D, 

2("(./&.*0,  +4A*0, 920;  /(  !,(/"1>181/1= µ*,(  R*-"0,$%& N:%/-(, *24/"*U* /5,  2("(606)  

8$(,-. µ(/$%D, 2("(./&.*0,  .*  *2:2*81 #("(%/)"0,  (character embeddings). G$( +4A5 µ21"*: ,(  

(2*$%1,$./*:  µ* /1,  .-,8-(. µ9 8$(,-. µ(/$%D, 2("(./&.*0,  /0,  #("(%/)"0,  21- /5,  (21/*+1=,  (Ling, 

Luõs, et al. 2015a; Ling, Chu-Cheng, et al. 2015b). H8:0; .*  6+D..*;  920;  /(  J$,4L$%(, µ21"*: ,(  *2$/*-#'*:  

F1 score 91%, 21- *:,($ ("%*/& %1,/& ./(  .=6#"1,(  CRF µ1,/4+(  (Zheng, Chen and Xu 2013). </(  H.2(,$%& 

1 .-,8-(. µ9; 8$(,-. µ(/$%D, 2("(./&.*0,  +4A*0, %($ #("(%/)"0,  18)65.*  .*  F1 score 82% (Santos and 

Guimaraes 2015). <* &++*; 6+D..*;  920;  /(  !66+$%&, C*"µ(,$%& %($ E1"/16(+$%&, /(  (21/*+4. µ(/(  /5;  

#").5;  8$(,-. µ(/ $%D, 2("(./&.*0,  #("(%/)"0,  %-µ(:,1,/($  .*  21.1./&  1"'9/5/(;  97%-98% (Lin, et al. 

2015; Santos and Zdrony 2015; Labeau, Loser and Allauzen 2015). 
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2.3.! )-./ 0µ123/0 &1456  789 $ :;89  /7@ )<<06.=> 

S 4%/(.5 /5;  4"*-,(;  21- 4#*$ 6:,*$ 6$( /5,  (-/9 µ(/5  @GP ./(  @++5,$%& *:,($ µ$%"9/*"5 .*  .=6%"$.5 µ* 

*%*:,5 21- 4#*$ 6:,*$ .*  6+D..*;  920;  / (  ! 66+$%& %($ /(  C*" µ(,$%&, 21- *:,($ $8$(:/*"( 8$(8*81µ4,*; .  

2.3.1.! L  *21&,(& 4/+ ;&0&#&,"<4-  

</5 *"6(.:(  /1- , 1 G(+(%(.$D/5;  (G(+(%(.$D/5;  2005) #"5.$µ121$*: *,*"65/$%) µ&'5.5  6$( /5,  *2$+16) 

$8$1/)/0, %($ 2("(8*$6µ&/0,  21- µ21"1=, ,(  315').1-,  ./5,  *="*.5  /5;  */$%4/(; µ$(; +4A5;. J(/&  /5,  

@GP 1 (+69"$'µ1; *,*"65/$%); µ&'5.5;  4#*$ 3 3) µ(/( : 

¥! </1 2"D/1 3) µ(  1 (+69"$'µ1; *,/12:L*$ 2$'(,D;  +(,'(. µ4,(  *2$.5µ*$0µ4,*;  +4A*$; /1-  .D µ(/1;  

*%2(:8*-.5;  %($ /$; 2"1/*:,*$ ./1  #")./5  2"1;  8$9"'0.5 . 

¥! </1 8*=/*"1 3) µ(  1 (+69"$'µ1; 2"1/*:,*$ ./1,  #")./5 , $8$9/5/*; +4A*0, 1$ 121:*; 315'1=,  ./1  

8$(#0"$.µ9 µ*/(A= /0,  µ*"D,  /1-  +961-. 

¥! </1 /":/1  3) µ( , 1 (+69"$'µ1; *2$+46*$ /(  2("(8*:6 µ(/(  *%2(:8*-.5;  21- µ21"1=, ,(  315').1- ,  ,(  

6:,*$ 2$1 (2181/$%) 5 *%2(:8*-.5  /1-  /(A$,1µ5/) . 

</5 .-,4#*$(  4,(;  /(A$,1µ5/);  k-%1,/$,9/*"0,  6*$/9,0,  (,(+( µ3&,*$ /5,  (-/9 µ(/5  *2$.5µ*:0.5  %&'* 

+4A5;  µ* /5,  %(/&++5+5 */$%4/(. ?$ */$%4/*; 21- #"5.$µ121$1=,/($ .*  (-/)  /5,  *"6(.:(  2*"$4#1-, 

2+5"1>1":*;  6$( /1 µ4"1; /1-  +961-, /5,  %+:.5, /1,  ("$' µ9 %($ /1 64,1; µ$(; +4A5;, %($ µ1$&L1-, . /1 

*%/*/(µ4,1 .=,1+1  %(/561"$D, 21- '(  (,(+-'*:  ./5  .-,4#*$(  (-/);  /5;  *"6(.:(; . F(  (21/*+4. µ(/(  /5;  

*"6(.:(;  %-µ(:,1,/($  . * 21.1./9  1"'9/5/(;  %1,/& ./1  79.62%. 

2.3.2.!  L  *21&,(& 4/+ 72/%9#- 

F1 2006, 1 I"1,&%5;  (I"1,&%5;  2006) *24%/*$,* /5,  *"6(.:(  /1-  G(+(%(.$D/5 . J (/(.%*=(.*  8-1 ,4(  

*2$.5µ*$0µ4,(  .=,1+(  %*$µ4,0,  *%2(:8*-.5;  %($ (A$1+965.5;. O8*$A* *2:.5;  20;  5 *,*"65/$%) µ&'5.5  

2("1-.$&L*$ µ$%") 8$(>1"& µ* /5,  2('5/$%) ./5,  @GP, 9/(,  1 ("$' µ9; 2("(8*$6µ&/0,  *%2(:8*-.5;  

A*2*",&*$ µ$( .-6%*%"$µ4,5 /$µ) . @2$2+41,, /(  *2$.5µ*$0µ4,(  .=,1+(  21- (,(2/=#'5%(, , *:#(,  8-1 */$%4/*; 

6$( %&'* +4A5. G$( */$%4/( 21- (>1"&  µ9,1 /1 µ4"1; /1-  +961- %($ %(/(/&..*$  /5 +4A5 .*  µ$( (29 13 

%(/561":*;, (++& %($ µ$( */$%4/( 21- %(/(/&..*$  /5 +4A5 µ* 3&.5 /1 µ4"1; /1-  +961-, /5 >0,) , /1 #"9,1, 

/1 2"9.021 , /1 64,1;, /1,  ("$' µ9 %.+2. .*  µ$( (29 135 %(/561":*;. ?  /(A$,1µ5/);  21- *2$+4#'5%* .*  (-/)  

/5,  *"6(.:(  )/(,  4,(;  (+69"$'µ1; k %1,/$,9/*"0,  6*$/9,0, , 1 121:1;  24/-#* 1"'9/5/(  82,73 % ./1  µ*6&+1 

.=,1+1  %(/561"$D, %($ %1,/& ./1  92% ./1  µ$%"9 .=,1+1  %(/561"$D,. 

2.3.3.!L  *21&,(& 4/+ G&''9  

?  E(22&;  ./5,  *"6(.: (  /1-  /1 2008 (E(22&;  2008) *24%/*$,* (%9µ(  2*"$..9/*"1  /1 .=./5 µ(  /1-  I"1,&%5  

µ* /5,  2"1.')%5  8$%); /1-  -+121:5.5;  /(A$,1µ5/)  k %1,/$,9/*"0,  6*$/9,0,  (++& %($ /5,  *24%/(.5 /0,  

.-,9+0,  *%2(:8*-.5;  . N*,  2("1-.$&./5%*  $8$(:/*"5  3*+/:0.5  ./(  21.1./&  1"'9/5/(;  .*  .#4.5  µ* /$; 

2"1561=µ*,*; . 
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2.3.4.!L  *21&,(& 4-6 ?/0:0-  

S 2$1 2"9.>(/5  *"6(.:(  2&,0 ./5,  @GP 6$( @++5,$%& (J1+4+5 2011). ?$ %(/561":*; (*/$%4/*;) 8*,  

&++(A(, .*  .=6%"$.5 µ* (-/4;  /1-  2"1561=µ*,1-  .-./) µ(/1; . @2$+4#'5%* 4,(;  /(A$,1µ5/);  G46$./5; 

@,/"12:(; , (,/:  /1-  /(A$,1µ5/)  k %1,/$,9/*"0,  6*$/9,0, . ?$ $8$9/5/*; %&'* +4A5; 2"1;  *2$.5µ*:0.5  

./5":#'5%(,  ./$;  .-#,9/5/*;  /5;  *µ>&,$.5; /0,  +4A*0, %($ /0,  %(/(+)A*0,  /1-;  .*  %&'* %(/561":(. 

@2:.5; 1$ $8$9/5/*;  %&'* +4A5; .#5µ(/:L1,/(,  (29 /$; $8$9/5/*; /5;  :8$(; /5;  +4A5; (++& %($ /0,  +4A*0, 21- 

3"$.%9/(,  6="0 /5; . S *"6(.:(  (-/)  #"5.$µ121$)'5%* 0;  3&.5 6$( /5,  2("1=.(  *"6(.:( , %($ 5 1"'9/5/(  

21- *2$/-6#&,*/($ ./(  2 .=,1+(  */$%*/D, (92.72% %($ 81.55% ./1  µ$%"9 %($ µ*6&+1 .=,1+1  (,/:./1$#( ) 

#"5.$µ121$)'5%* 0;  µ4/"1 .=6%"$.5; 6$( /(  (21/*+4. µ(/(  /0,  2*$"(µ&/0,  21- 2"(6 µ(/121$)'5%(,  .*  

(-/)  /5,  *"6(.:( . F1 .=./5 µ(  /5;  J1+4+5 #"5.$µ121$*: *2:.5;  4,(  ./&8$1 *% /0,  -./4"0,  *2$.5µ*:0.5;  

21- 2*"$6"&>*/($ 2("(%&/0  . /5,  *,9/5/(  3.3.4. 

2.3.5.!  M00*6 *21&,(*6 !'",- µ*(8,-6  ;*2<%  4/+ =$1/+ 1"& !00-%"#9 

O#1-, -2&"A*$ *2:.5;  *"6(.:*;  (Petasis, et al. 1999; Harris Papageorgiou 2000) @GP 6$( /(  @++5,$%& 

3(.$. µ4,*;  ./1,  *2$.5µ*$0/)  µ*"D,  /1-  +961- /1-  Brill  (Brill  1995) %($ &++*; (Orphanos and 

Christodoulakis 1999; Orphanos, et al. 1999b; Evangelos Dermatas 1995).
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3.!(8  ,H/70 µ@ 70J #@48H/@J )4;@/2@J 
<* (-/)  /5,  *,9/5/(  2*"$6"&>*/($ /1 .=./5 µ(  /5;  2("1=.(;  *"6(.:(; , 21- (21/*+*:  (,(%(/(.%*-)  %($ 

*24%/(.5 /1-  . -./) µ(/1;  /5;  J1+4+5 (J1+4+5 2011). F1 .=./5 µ(  4#*$ -+121$5'*: .(,  6*,$%9; .-,8-(. µ9; 

/(A$,1µ5/D, , µ* (21/4+*. µ(  ,(  µ21"*: ,(  #"5.$µ121$5'*: 6$( 121$18)21/* *:81; /(A$,9µ5.5; , *:/*  (-/9  

(21/*+*:  2"93+5µ(  @GP, *:/*  2.#. (,(6,D"$ .5  1,1µ&/0,  1,/1/)/0,  (named entity recognition). 

3.1.! #14.;4@PB !1S8µC636 

F(  8*81µ4,(  *%2(:8*-.5;  %($ (A$1+965.5; .-++4#'5%(,  ./(  2+(:.$(  2(+($9/*"0,  *"6(.$D, . !21/*+1=,/($  

%-":0;  (29 &"'"(  ,40,  %($ *>5µ*":80, . J&'*  +4A5 4#*$ *2$.5µ*$D' *$ µ* /5,  %(/&++5+5 %(/561":( /µ4"1; 

/1-  +961- ./1  121:1 (,)%*$. </(  2+(:.$(  /5;  *"6(.:(; , 1 9"1;  +4A5 (word/token) '(  (,(>4"*/($  %($ ./(  

.5 µ*:(  ./:A5; , ("$' µ1=;, *$8$%& .= µ31+( %($ A4,*; +4A*$; 21- µ21"*: ,(  .-,(,/5'1=,  µ4.(  .*  4,(  %*:µ*,1 .  

?$ .-,1+$%4; *µ>(,:.*$;  +4A*$; /0,  8*81µ4,0,  *%2(:8*-.5;  >/&, 1-,  /$; 23.675. @2$2"1.'4/0;, &++*; 7.878 

+4A*$; #"5.$µ121$)'5%(, 0;  8*81µ4,(  (A$1+965.5;. E4"(,  (29 /$; +4A*$;, /1 .=./5 µ(  µ21"*: ,(  8*#/*: %($ 

4,(  +*A$%9 /1 121:1 .-.#*/:L*$  +4A*$; µ* µ$( µ9,1 %(/561":(. F1 .=./5 µ(  4#*$ /5 8-,(/9/5 /(  ,(  2("&6*$ 

(29 µ9,1 /1-  ./(/$./$%4; $8$9/5/*; %($ 3(.$%4; $8$9/5/*; /5;  µ1">1+16:(; µ$(;  +4A5;. @2$2+41,, ./1  

.=./5 µ(  µ21"1=, ,(  81'1=,  4/1$µ*;  $8$9/5/*; .*  ("$' µ5/$%) µ1">) , 1$ 121:*; µ21"1=, ,(  .-,8-(./1=,  µ* 

(-/4;  21- 2("&6*$ /1 .=./5 µ(  )  %($ ,(  #"5. $µ121$5'1=, A*#0"$./& 6$( /5,  *%2(:8*-.5  /(A$,1µ5/D, . O/.$ 

/1 .=./5 µ(  µ21"*: ,(  8*#'*:  %($ 8$(,-. µ(/$%4; 2("(./&.*$;  +4A*0, (++& %($ $8$9/5/*; 21- 4#1-, 2("(6&6*$ 

&++( .-./) µ(/(  %($ ,(  /$; .-,8-&.*$ .  

S µ1">)  21- 2"42*$ ,(  4#1-, /(  8*81µ4,(  *$.981- ./1  .=. /5µ(  *:,($ 8=1 ./)+*;  .= µ>0,(  µ* /1 2"9/-21  

CONLL. S 2"D/5  ./)+5  2"42*$ ,(  *:,($ /1 (,(6,0"$./$%9  *,9;  2("(8*:6 µ(/1; , ./5,  2"1%*$µ4,5 2*":2/0.5  

µ$( +4A5, %($ 5 8*=/*"5  ./)+5  /1 (,(6,0"$./$%9  /5; %(/561":(;  ./5,  121:( (,)%*$. ? $ ./)+*;  µ21"1=, ,(  

*:,($ #0"$. µ4,*;  µ*/(A= /1-;  µ* 121$1,8)21/* 8$(#0"$./)  *2$'- µ*: 1 #")./5; . 

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

F1 µ$%"9 .=,1+1  %(/561"$D, (21/*+*:/($  (29 /(  µ4"5 /1-  +961-, #0":;  #"9,1-; , >0,4; , 2"9.02( , 64,5, 

("$' µ1=; )  %&21$1 &++1 2"1.8$1"$./$%9 (2.#. 8*$%/$%9 &"'"1 , (9"$./5  (,/0,- µ:( ). !-/9  4#*$ 0;  (21/4+*. µ(  

,(  -2&"#1-,  12 %(/561":*; µ*"D,  /1-  +961-. F(  *$8$%& .= µ31+(, /(  %="$( 1,9µ(/( , 1$ A4,*; +4A*$; %($ 

121$(8)21/* (%1+1-':(  #("(%/)"0,  21- 8*,  (21/*+*:/($  (29 *++5,$%1=; #("(%/)"*;  %($ .= µ31+( .5 µ*:0,  

./:A5; , /(A$,1µ1=,/( $ ./5,  %(/561":( Ç&++1È. ?$ %(/561":*; /1-  µ$%"1= .-,9+1-  *:,($ 1$ 2("(%&/0 : 

 

 

 

!"#"$%&%'()*+,- % ./0""123%&%'45-(6 % 78"9$%&%:;()*+,- %
<=23%&%>-(6 % ?@ABCD2$E%&%FGHIJH+)*GH% K"8#CD1%&%: (-LGM*)*GH%
?12C0$%?N0O1E%&%: JH+)J;)*GH% PQD93DN9R8%&%SGJH% TANUAQ203%&%: (GHGJH%
. /0#CN$%&%' 4I-+)*5-% T"9#21N9R8%&%SJV-(;, % !WW$%&%X)Y-(%
% % %
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3.1.2.! ;*190/  C3%/0/ ?&4-1/2"<% 

<* (,/:'*.5  µ* /1 µ$%"9 .=,1+1  %(/561"$D,, /1 µ*6&+1 .=,1+1  %(/561"$D, 2*"$4#*$ 2"9.'*/1-;  

2"1.8$1"$.µ1=; /1-  µ4"1-;  /1-  +961- µ$(; +4A5;. !-/1:  *:,($: 

¥! !"$' µ9;: E+5'-,/$%9; Ð Plural, @,$%9; Ð Singular. 

¥! B0,) : @,*"65/$%) Ð Active, E('5/$%)  Ð Passive, !2("4 µ>(/1  Ð Infitive, G*/1#)  - Participle. 

¥! @:81; &"'"1- : @µ2"9'*/1  Ð Prepositional, !9"$./1  Ð Indefinite, ?"$./$%9 T"'"1  Ð Definitive. 

¥! E/D.5 : ?,1 µ(./$%) Ð Nominative, C*,$%) - Genitive, !$/$(/$%) Ð Accusative, J+$/$%) Ð Vocative  

¥! C4,1;: !".*,$%9  Ð Masculine, K5+-%9 Ð Feminine, ?-84/*"1  Ð Neuter 

¥! T%+$/5 !,/0,- µ:(  

?  .-,8-(. µ9; /0,  2("(2&,0  2"1.8$1"$.µD,  µ* /$; %(/561":*; /1-  µ$%"1= .-,9+1-  4#*$ 0;  (21/4+*. µ(  ,(  

-2&"#1-,  .-,1+$%& 170 %(/561":*;. !29  (-/4; , ./(  .=,1+(  8*81µ4,0,  *%2(:8*-.5;  %($ (A$1+965.5; 

-2&"#1-,  µ9,1 1$ 117. ?$ 170 %(/561":*; 21- (>1"1=,  /1 µ*6&+1 .=,1+1  8*81µ4,0,  2("(/:'*,/($  ./1  

E(" &"/5µ(  ./5,  *,9/5/(  6.2. 

3.2.! #14.;4@PB !1S8µC636 )D:S89 

F(  8*81µ4,(  *A981- *:,($ 4,(  L*=61; +4A5; Ð %(/561":(;  6$( %&'* +4A5 /1-  %*$µ4,1- . @2:.5; /1 .=./5 µ(  

>/$&#,*$ %($ (21'5%*=*$ ("#*:(  µ* /$; $8$9/5/*; 21-  2(")6(6* , %('D;  %($ ("#*:(  (A$1+965.5;, /(  121:( 

µ21"*: ,(  4#1-, *:/*  /5,  (A$1+965.5 (+61":' µ1-  (,&  *21#)/*2(,&+5U5 (epoch/iteration), *:/*  (,&  21.1./9  

/1-  .-,9+1-  *%2(:8*-.5;  ./1  121:1 *%2($8*=/5%* 1 (+69"$'µ1;. 

3.3.! #14.;4@PB , 9/7Bµ@78J 

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

@&, 8*,  4#1-, 81'*:  1$ %(/561":*; A*#0"$./&, /9/*  /1 .=./5 µ(  /$; *A&6*$ µ9,1 /1-  (29 /(  8*81µ4,( . </5 

.-,4#*$(  /1 .=. /5µ(  .2&*$ /1 .D µ(  %*$µ4,0, , .*  (%1+1-':*;  +4A*0, (,&+16(  µ* /$; 1856:*; /1-  #")./5 . 

</(  2*$"&µ(/(  (-/);  /5;  *"6(. :(; , µ$( (%1+1-':(  +4A*0, *:,($ 4,(  &"'"1  *>5µ*":8(; . K(  µ21"1=.*  5 %&'* 

(%1+1-':(  ,(  *:,($ µ$( A*#0"$./)  2*":181; )  µ$( 2"9/(.5  (++& 8*,  81%$µ&./5%* ./5,  *"6(.:( . F1 .=./5 µ(  

./5  .-,4#*$(  2(:",*$  9+*; /$; 2$'(,4;  %(/(+)A*$; µ$(; +4A5; µ4#"$ 4,(  µ46$./1 ("$' µ9 /*+$%D, #("(%/)"0,  

/5; , 1 121:1; %('1":L*/($ (29 /1,  #"). /5, %($ /$;  (21'5%*=*$ .*  4,(  +*A$%9, D./*  ,(  /$; #"5.$µ121$).*$ ./5  

.-,4#*$( , 6$(  /5,  %(/(.%*-)  ./(/$./$%D,  $8$1/)/0,. E*"($/4"0  2"1-*2*A*"6(.:(  /0,  +4A*0, *:,($ 5 

µ*/(/"12)  /1-;  .*  2*L& 6"&µµ(/( , 5 (>(:"*.5  %(/(+)A*0,  %($ /1 .2&.$µ1 .*  .-++(34; , (++& 8*,  4#*$ 

81%$µ(./*:  .*  (-/)  /5,  *"6(.:( . 
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3.3.2.! G&2&1815 N)"/4548% 

F1 .=./5 µ(  2"1.>4"*$ /5 8-,(/9/5/(  85µ$1-"6:(;  ./(/$./$%D,  $8$1/)/0, 6$( /5,  %&'* +4A5 (,&+16(  µ* /5,  

.-#,9/5/(  *µ>&,$.5; /5;  .*  µ$( %(/561":(. ?$ ./(/$./$%4; $8$9/5/*; /5;  %&'* +4A5; µ21"1=, ,(  

2"1.(-A5'1=,  µ* /$; (,/:./1$#*;  ./(/$./$%4; $8$9/5/*; 6$( /5,  %(/&+5A5 /5;  %&'* +4A5; . @2:.5;, 1 #")./5;  

µ21"*: ,(  8$(+4A*$ (,  .*  (-/4;  /$; $8$9/5/*; '(  2"1./*'1=,  %($ 1$ (,/:./1$#*;  6$( /$; 2"1561=µ*,*;  )  

*29µ*,*;  +4A*$;. !%9µ5 6$( %&'* +4A5 -2&"#1-,  %($ %&21$*; $8$9/5/*; 21- 4#1-, ,(  %&,1-, µ* /5 µ1">1+16:( 

/5;  %($ 2$1 .-6%*%"$µ4,(  (,  5 +4A5:  

¥! E*"$+(µ3&,*$ ("$' µ9 (8-(8$%) $8$9/5/(). 

¥! E*"$+(µ3&,*$ +(/$,$%9 #("(%/)"(  (8-(8$%) $8$9/5/(). 

¥! E*"$+(µ3&,*$ .5 µ*:1 ./:A5;  (8-(8$%) $8$9/5/(). 

¥! E*"$+(µ3&,*$ %9µµ(  (8-(8$%) $8$9/5/(). 

F4+1; µ$( (%9µ5 $8$9/5/( 8*:#,*$ /1 µ)%1; /5;  +4A5; %($ %(,1,$%121$*:/($ ./1  8$&./5µ(  [-1,1]. O,(  

#("(%/5"$./$%9 2("&8*$6µ(  6$( /1 8$&,-.µ(  $8$1/)/0, µ$(; +4A5; *:,($ /1 2("(%&/0 : 

!"#$%% &'%
()*+,-.% Z[\]^_]` %
/.)0 % Z%
123,*2(*+43% Z%
(56.,*+/. % Z%
(5/.)0 % Z%
,43623,*+43% Z%
3423% Z%
327.)(- % Z%
1()*+,-.% Z%
1).148+*+43% Z%
1)43423% Z[â ]b^] %
4*9.) % Z%
:%,9()(,*.)8 % _%
9(8;270.) % c'def %
9(8<(*+3% c'def %
9(8=148*)419.% c'def %
9(8>23,% c'def %
9(8?477( % c'def %

 

F1 2("(2&,0  8$&,-.µ(  $8$1/)/0, µ21"*: ,(  (-A5'*:  2.#. µ* /$; ./(/$./$%4; $8$9/5/*; /5;  %(/&+5A5; *,9;  

6"&µµ(/1;  %($ /5;  *29µ*,5;  +4A5;. F9/*  '(  4#*$ /5,  2("(%&/0  µ1">)  (6$( /5,  *A1$%1,9µ5.5  #D"1- 4#*$ 

.2&.*$ .*  ./)+*;  (++& %(,1,$%& *:,($ 8$&,-.µ(  23%4 5): 
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!"#$%% &'% @A&B!$#$%CDEF%
GAHAI&JHAK%'%

LMENCD$%
!"#$%

O"D&H'%

()*+,-.% Z[\]^_]` % Z[_g\h%;()*+,-% Z%
/.)0 % Z% Z%5-(6% Z%
123,*2(*+43% Z% Z%LJH+)J;)*GH% Z%
(56.,*+/. % Z% Z[^a%;4I-+)*5-% Z%
(5/.)0 % Z% Z%;45-(6 % Z%
,43623,*+43% Z% Z%+GHIJH+)*GH% Z%
3423% Z% Z[_\bh%HGJH% a%
327.)(- % Z% Z%HJV-(;, % Z%
1()*+,-.% Z% Z%L;()*+,-% Z%
1).148+*+43% Z% Z[Zg\h%L(-LGM*)*GH% Z%
1)43423% Z[a^]b^] % Z%L(GHGJH% Z%
4*9.) % Z% Z%G)Y-(% Z%
:%,9()(,*.)8 % _% %  

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

9(8<(*+3% c'def % %   

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

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

9(8?477( % c'def % %   

 

3.3.3.! !'"0/15  E&."%/µ-45 

G4.0  /1-  .-./) µ(/1;  8:,*/($  5 8-,(/9/5/(  ,(  6:,*$ *%2(:8*-.5  %($ (A$1+965.5  *,9;  *% /0,  2("(%&/0  

/ (A$,1µ5/D, : 

¥! F(A$,1µ5/);  G46$./5; *,/"12:(;  (29 /1 2(%4/1 Stanford Classifier (Manning, Surdeanu, et al. 2014). 

@&, 1 #")./5;  *:,($ *A1$%*$0µ4,1;  2"16"( µµ(/$./$%& µ* /1 2(%4/1 /1-  Stanford, /9/*  µ21"*: ,(  

#"5.$µ121$).*$ 121$1,8)21/* /(A$,1µ5/)  -2&"#*$ .*  (-/9 . 

¥! M29 <-,')%5  F-#(: (  E*8:(  (29 /1 2(%4/1 /1-  Mallet (McCallum and Kachites 2002) %($ Stanford 

NER (Finkel, Grenager and Manning 2005). 

¥! Q('=  R*-"0,$%9 N:%/-1, 121$(.8)21/*  81µ);  *2$/"42*/($ (29 /1 2(%4/1 deeplearning4j1. 

¥! @2(,(+( µ3(,9 µ*,1  R*-"0,$%9 8:%/-1 , (29 /5,  -+121:5.5 /1-  Ling %.( . (Ling, Luõs, et al. 2015a), 

21- #"5.$µ121$*: 8$(,-. µ(/$%4; 2("(./&.*$;  #("(%/)"0,  %($ +4A*0,. 

¥! G5#(,4;  N$(,-. µ&/0,  M21./)"$A5; (29 /1 2(%4/1 /1-  Stanford Classifier %($ /1 Multiclass SVM2. 

 

 

                                                
1 dl4j Deeplearning4j Development Team 2016 Deeplearning4j: Open-source distributed deep learning for the JVM - 2016. - 
http://deeplearning4j.org. - Apache Software Foundation License 2.0 
ND4J Development Team <2016> ND4J: N-dimensional arrays and scientific computing for the JVM- 2016. Ð  
http://nd4j.org. - Apache Software Foundation License 2.0. 
2 SVMMulticlass Thorsten Joachims 2016: Multi -Class Support Vector Machine 2016 License: This software is free only for non-
commercial use. It must not be distributed without prior permission of the author. The author is not responsible for implications 
from the use of this software. 
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3.3.4.! !#  48% B,4:28% !'",- µ*(8,-  

J(/&  /1 ./&8$1 /5;  *% /0,  -./ 4"0,  *2$.5µ*:0.5; , 85+(8) (>1= 1 /(A$,1µ5/);  4#*$ %(/(/&A*$ %&'* +4A5 .*  

µ$( %(/561":(, .- µ3(:,1-,  /(  *A); : 

1.! I").5  4/1$µ1- +*A$%1= 21- 4#*$ 8D.*$ 1 #")./5; . ?  *% /0,  -./4"0,  *2$.5µ*$0/);  8$1"'D,*$ /-#9,  +&'5 

/1-  /(A$,1µ5/)  .*  +4A*$; 21- 2*"$+(µ3&,1,/($  ./1  +*A$%9 %($ *2$.5µ*$D,*$ .*  (-/4;  /5,  %(/561":( 21- 

(,(6"&>*/($  ./1  +*A$%9. 

2.! I").5  (- /9µ(/1-  +*A$%1= 21- %(/(.%*-&L*/($ %(/& /5 85µ$1-"6:( ./(/$./$%D,  $8$1/)/0,. !,  %&21$( 

+4A5 (,)%*$ .*  µ$( %($ µ9,1 %(/561":( ./1  .=,1+1  *%2(:8*-.5; , /9/*  /(A$,1µ*:/($ .*  (-/ ),  (,  

.-,(,/5'*:  %($ ./1  .=,1+1  (A$1+965.5;. G21"*:  ,(  /*'*:  4,(  9"$1 .#*/$%9 µ* /1 29.*;  >1"4; 2"42*$ ,(  

4#*$ *µ>(,$./*:  5 %&'* +4A5 6$( ,(  µ2*$ ./1  +*A$%9. ?  %(,9,(;  (-/9;  315'&*$ $8$(:/*"( ./5  .0./)  

(,(6,D"$.5  1-.$(./$%D, %($ *2$'4/0,  21- 4#1-, .-,(,/5' *: ./1  .D µ(  *%2(:8*-.5; . Q43($( (-A&,*$ / (  

+&'5 .*  +4A*$; 21- (,)%1-,  .*  2&,0 (29 µ$( %(/561":( (++& ./1  .=,1+1  *%2(:8*-.5;  .-,(,/D,/($  

µ9,1 .*  µ$(. C$( /5,  %(+=/*"5 +*$/1-"6:( /1-  (2($/*:/($  21+= µ*6&+1 .D µ(  *%2(:8*-.5; . 

3.! @="*.5 ("$' µ1=. !,  µ$( +4A5 2*"$4#*$ ("$' µ9, /9/*  %(/(/&..*/($  (-/9 µ(/(  ./5,  %(/561":( ("$' µ5/$%9. 

4.! T"'"1  )  (,/0,- µ:( . <-,)'0;  µ*/& (29 (,/0,- µ:(  (%1+1-'*: ") µ(  %($ 9#$ 1-.$(./$%9, %($ µ*/& (29 

&"'"1  (%1+1-'*: .-#,&  1-.$(./$%9 %($ 21/4 ") µ( . ! ,  1 /(A$,1µ5/);  2"13+4U*$ /5,  (%1+1-':(  

@67369µ2@ 89/.@/7.=:  )  >4F48 4Bµ@, /9/*  (++&L*$ /$; %(/561":*; &"'"1  %($ (,/0,- µ:(  (,/:./1$#( . 

</1 8$&6"(µµ(  21- (%1+1-'*: (2*$%1,:L*/($ 5 3*+/:0.5  /1-  .-./) µ(/1;  /5;  *,9/5/(;  4.3.2. µ* /5 #").5  *% 

/0,  -./4"0,  *2$.5µ*:0.5; :  

 

 

92.20%

92.40%

92.60%

92.80%

93.00%

93.20%

93.40%

93.60%

?"'9/5/(

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

G*  gazette, (,(6,D"$.5  ("$' µ5/$%D,, 
%(,9,(  T"'"1-  %($ !-/9 µ(/5  
@2$.5µ*:0.5 : +0,58%

G*  gazete, (,(6,D"$.5  ("$' µ5/$%D, %($ 
%(,9,(  T"'"1- /!,/0,- µ:(;  : +0.05%

G*  gazete %($ (,(6,D"$.5  ("$' µ5/$%D,: 
+0,09%

G*  +*A$%9, %(/(.%*-. µ4,1 
#*$"0,(%/$%& (gazette):  +0,00%

I0":;  *% /0,  M./4"0,  @2$.5µ*:0.5 : 
92,67%
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4.!#1.4>µ@7@ 
F(  2*"$..9/*"(  2*$"&µ(/(  4#1-,  *%/*+*./*:  %($ 6$( /(  8-1 .=,1+(  %(/561"$D,. J&21$( (29 /(  2*$"&µ(/(  

(2($/1=.(,  2*"$..9/*"1  #"9,1 6$( ,(  *%/*+*./1=, . F(  (21/*+4. µ(/(  21- (,(6"&>1,/($  .*  (-/)  /5,  

*,9/5/( , *2$+4#'5%(, µ* 3&.5 /5,  *2:81.5 /5;  µ*'981-  21- #"5.$µ121$)'5%* %('D;  %($ /1-  #"9,1-  

*%/4+*.5; . 

4.1.! "S.:7071J 

</(  2*"$..9/*"(  2*$"&µ(/(  5 2("( µ*/"121:5.5  /0,  (+61":' µ0,  G5#(,$%); G&'5.5;  46$,* µ* 3&.5 /5,  

*2:81.5 /1-;  ./1  20% /1-  .-,9+1-  *%2(:8*-.5;  (development set), %($ 5 *%2(:8*-.5  /1-;  ./1  -29+1$21 

80%. F(  8*81µ4,(  *$.981- (21/*+1=,/ ($ (29 &"'"(  *>5µ*":80,  21- 3":.%1,/($  ./1  :8$1 ("#*:1 . C$( ,(  µ5,  

'*0"5'1=,  0;  :8$( (%1+1-':(  +4A*0, 1$ /*+*-/(:*;  +4A*$; *,9;  &"'"1-  µ* /$; ("#$%4; +4A*$; /1-  *29µ*,1 = 

/1- , #"5.$µ121$)'5%(, *$8$%4; +4A*$; µ* %(/561":( null (,& µ*.(  ./(  &"'"( . 

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

G$%"9 .=,1+1 : 

"S.:7071J  '4.F µ:J  
</(/$./$%4; $8$9/5/*; <CD0J (,&  %(/561":( 13 
</(/$./$%4; $8$9/5/*; %(/&+5A5; 1,2,3 #("(%/)"0,  
<CD0J (,&  %(/561":( 

3 Y 13 = 39 

</(/$./$%4; $8$9/5/*; /5;  1-: µ160J <CD0J (,&  
%(/561":( 

13 

</(/$./$%4; $8$9/5/*; %(/&+5A5; 1,2,3 #("(%/)"0,  
1-: µ160J <CD0J (,&  %(/561":( 

3 Y 13 = 39 

H8$9/5/*; µ84P8<8;2@J +4A5; 6 
<=,1+1  110 

 

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

"S.:7071J  '4.F µ:J  
</(/$./$%4; $8$9/5/*; <CD0J (,&  %(/561":( 118 
</(/$./$%4; $8$9/5/*; %(/&+5A5; 1,2,3 #("(%/)"0,  
<CD0J (,&  %(/561":( 

3 Y 118 = 354 

</(/$./$%4; $8$9/5/*; /5;  1-: µ160J <CD0J (,&  
%(/561":( 

118 

</(/$./$%4; $8$9/5/*; %(/&+5A5; 1,2,3 #("(%/)"0,  
1-: µ160J <CD0J (,&  %(/561":( 

3 Y 118 = 354 

H8$9/5/*; µ1">1+16:(; <CD0J 6 
</(/$./$%4; $8$9/5/*; 2 -480;8Hµ1636 <CD136 2 Y 118 = 236 
</(/$./$%4; $8$9/5/*; %(/&+5A5; 1,2,3 #("(%/)"0,  
2 -480;8Hµ1636 <CD136 

2 Y 3 Y 118 = 708 

<=,1+1  1894 
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C$( *2$/&#-,.5  /5;  *%2(:8*-.5;  1$ %(/561":*; 21- 8*,  *µ>(,:L1,/($  .*  %(,4,(  (29 /(  .=,1+(  (A$1+965.5; 

%($ *%2(:8*-.5;  8*,  .- µ2*" $+(µ3&,1,/($ , (>1= 8*,  '(  µ21"1=.*  ,(  /$; µ&'*$ 1 /(A$,1µ5/);  6$(/: 8*,  /$; 

.-,(,/&*$  21/4. 

4.1.2.! N)"$4-4*6 &'$  H"&%+,µ&4"#:6 G&2&,49,*"6 =:.*8% 

I"5.$ µ121$)'5%(, 0;  $8$9/5/*; 8$(,-. µ(/$%4; 2("(./&.*$;  +4A*0, 50, 150, 300 8$(./&.*0, , 21- 

85µ$1-"6)'5%(,  (29 .D µ(  %*$µ4,0,  /5;  *++5,$%); Wikipedia3 %($ /1 *"6(+*:1  Word2Vec4 (Mikolov, Chen, 

et al. 2013). @2:.5; #"5.$µ121$)'5%(, 8$(,-. µ(/$%4; 2("(./&.*$;  U*=81-%(/(+)A*0,  +4A*0, (suffix 

embeddings), U*-81-'* µ&/0,  %($ .-,*,D.*$;  (concatenation) /1-; , 21- 85µ$1-"6)'5%(,  ./5,  *"6(.:(  /1-  

G(+$,&%5 (G(+$,&%5; 2016). ? $ 2("(./&.*$;  +4A*0, #"5.$µ121$)'5%(, µ9,1 µ* /1,  /(A$,1µ5/)  µ46$./5; 

*,/"12:(; , +960 /5;  21+= %(+); *2:81.5;  /1- , /5;  /(#=/5/(;  *%2(:8*-.5;  /1-  %($ +960 /1-  2*"$1"$.µ4,1-  

#"9,1-  /5;  *"6(.:(; . 

4.2.! 'D.8<:;0/0  (@D.68µ0756 

?$ /(A$,1µ5/4; (A$1+161=,/($ 0;  2"1;  /5 .-,1+$%) 1"'9/5/(  21- *2$/-6#&,1-,. </1 .=,1+1  8*81µ4,0,  µ* 

/$; 12 %(/561":*;, *A($"*:/($ 2+)"0;  /5;  (A$1+965.5; 5 %(/561":( Ç&++1È, 8$9/$ 2*"$+(µ3&,*$ +4A*$;  21-  

µ21"1=, ,(  3"*'1=,  µ* +*A$%9, %(,1,$%4; *%>"&.*$; )  .-./) µ(/(  (,(6,D"$.5;  1,1µ&/0,  1,/1/)/0, . 

@2:.5; .*  9+( /(  .=,1+(  8*81µ4,0,  #"5.$µ121$*:/($ 5 *% /0,  -./4"0,  *2$.5µ*:0.5  µ* (-/9 µ(/5  

85µ$1-"6:( +*A$%1= %(/& /5,  *%2(:8*-.5 , (-/9 µ(/5  *2$.5µ*:0.5  ("$' µ5/$%D, %($ #").5  /1-  %(,9,(  6$( /5,  

(,(6,D"$.5  &"'"0,  )  (,/0,- µ$D,.  

4.3.! (@D.68µ07BJ &C;./70J  )6748-2@J 

4.3.1.! G&2&µ*42/'/(-,-  

¥! !"$' µ9; @2(,(+)U*0,  (*21#D,) *%2(:8*-.5; : µ4#"$ .=6%+$.5; . /5 8$(>1"& *,/"12:(;  µ*/(A= 8=1 

*2(,(+)U*0, . 

¥! N$(>1"& *,/"12:(;  6$( 2(=.5  *%2(:8*-.5;  (.=6%+$.5) 10-10. 

                                                
3 Wikipedia dumps Greek. E"9.3(.5 : !=61-./1;  2015. https://dumps.wikimedia.org/elwiki/. 

4 I"5.$ µ121$)'5%* /1 µ1,/4+1 skipgram /1-  Word2Vec, µ* negative sampling %($ /$; 2"1*2$+*6µ4,*;  /$µ4; 2("( µ4/"0, . 
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4.3.2.!  ;"#2$  C3%/0/ ?&4-1/2"<% 

C$( /1 µ$%"9 .=,1+1  %(/561"$D, 1 /(A$,1µ5/);  4>/(.*  .-,1+$%& ./1  93.4% 1"'9/5/(;  µ* /$; $8$9/5/*; /5;  

J1+4+5, 0.7% -14.//:7148  (29 9.1  *2$/=6#(,* /1 .=./5 µ(  /5;  2"1561=µ*,5;  *"6(.:(; . S (=A5.5 (-/)  

1>*:+*/($ ./5,  (++(6)  /1-  %D8$%(, /5 85µ$1-"6:( (-/9 µ(/1-  +*A$%1= %(/& /5 8$(8$%(.:( /5;  85µ$1-"6:(;  

$8$1/)/0,, %($ /5 #").5  (-/1=  ./5,  *% /0,  -./4"0,  *2$.5µ*:0.5 . F1 .=./5 µ(  *%2($8*=*/($ .*  #"9,1 

+$69/*"1 /0,  5 +*2/D, . S %(µ2=+5 µ&'5.5;  6$( (-/)  /5,  2*":2/0.5  >(:,*/($  ./1  N$&6"(µµ(  1.  

4.3.3.! ;*190/  C3%/0/ ?&4-1/2"<% 

</1 µ*6&+1 .=,1+1  %(/561"$D,, 1 /(A$,1µ5/);  µ46$./5; *,/"12:(;  *2$/-6#&,*$ 82,4% 1"'9/5/(  </1 *29µ*,1  

8$&6"(µµ(  >(:,1,/($  1$ %( µ2=+*; µ&'5.5; . G* 3&.5 /5,  %+).5 /5;  %(µ2=+5; 6$( /5,  1"'9/5/(  ./1  .=,1+1  

(A$1+965.5; >(:,*/($  20;  µ*6(+=/*"1  .=,1+1  *%2(:8*-.5;  '(  315'1=.*  *,8*#1µ4,0;  ./5,  3*+/:0.5  /5;  

1"'9/5 /(;  /1-  (+61":' µ1- . 

100.000% 99.607% 99.388% 99.330% 99.351% 99.292% 99.306% 99.429% 99.326% 99.400% 99.266%

41.061%

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

30.000%

40.000%

50.000%

60.000%

70.000%

80.000%

90.000%

100.000%

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

J( µ2=+5 G&'5.5;

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

H"912&µµ& 1: O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&()*+,-  4/+ 4&."%/µ-45 µ:1",4-6 *%42/'(&6 ,4/  µ"#2$ ,3%/0/ #&4-1/2"<% µ* 4"6 ")"$4-4*6 4-6 ?/0:0- . 

100.000% 99.326% 99.219% 99.029% 98.912% 98.867% 98.767% 98.720% 98.743% 98.676% 98.610%

2.513%

68.473%
73.486% 75.949% 77.637% 78.474% 80.378% 80.949% 81.838% 82.422% 82.358%

.000%

10.000%

20.000%

30.000%

40.000%

50.000%

60.000%

70.000%

80.000%

90.000%

100.000%

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

J( µ2=+*; G&'5.5; : 

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

H"912&µµ& 2: O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&()*+,-  4/+ 4&."%/µ-45 µ:1",4-6 *%42/'(&6 ,4/  µ*190/ ,3%/0/  #&4-1/2"<%, µ* 4"6 ")"$4-4*6 4-6 
?/0:0- . 
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4.3.4.! 725,-  H"&%+,µ&4"#<% G&2&,49,*8% =:.*8% 

J"(/D,/(;  /1 :8$1 2("&'-"1  +4A*0,, 85+(8) /5; 2("1=.(;  %($ /5;  *29µ*,5;  +4A5;, #"5.$µ121$)'5%* 

(%"$3D; 1 :8$1; (+69"$'µ1; , µ* /5 8$(>1"& 9/$ 0;  $8$9/5/*; #"5.$µ121$)'5%(, 1$ 8$(,-. µ(/$%4; 2("(./&.*$;  

/1-  2("(%&/0  2:,(%(. O6$,(, *2:.5;  2*$"&µ(/(  µ* .-,8-(. µ9 (.-,4,0.5 ) /0,  $8$1/)/0, /1-  2("(%&/0  

2:,(%( %($ /0,  $8$1/)/0, /1-  2"1561=µ*,1-  .-./) µ(/1;  (++& (-/9;  1 .-,8-(. µ9; $8$1/)/0, 8*,  480.*  

-U5+& 21.1./&  1"'9/5/(; , %($ 4/.$ 8*,  4#1-, .- µ2*"$+5>'*: (21/*+4. µ(/(  /1- . 

L&PI"&A%QC%RPBSHANNA% TCHPSHAUJ%
Morph 50 <-,4,0.5  8$(,-. µ(/$%D, 2("(./&.*0,  U*-81-'* µ&/0,  %($ 

U*-81-%(/(+)A*0, , 25 + 25 8$(./&.*0, . 
Morph 150 <-,4,0.5  8$(,-. µ(/$%D, 2("(./&.*0,  U*-81-'* µ&/0,  %($ 

U*-81-%(/(+)A*0, , 75 + 75 8$(./&.*0, . 
Morph 300 <-,4,0.5  8$(,-. µ(/$%D, 2("(./&.*0,  U*-81-'* µ&/0,  %($ 

U*-81-%(/(+)A*0, , 150 + 150 8$(./&.*0, . 
Morph -P 25 N$(,-. µ(/$%4; 2("(./&.*$;  U*-81-'* µ&/0,  +4A*0,, 25 

8$(./&.*0, . 
Morph -P 75 N$(,-. µ(/$%4; 2("(./&.*$;  U*-81-'* µ&/0,  +4A*0,, 75 

8$(./&.*0, . 
Morph -P 150 N$(,-. µ(/$%4; 2("(./&.*$;  U*-81-'* µ&/0,  +4A*0,, 150 

8$(./&.*0, . 
Morph -S 25 N$(,-. µ(/$%4; 2("(./&.*$;  U*-81-%(/(+)A*0,  +4A*0,, 25 

8$(./&.*0, . 
Morph -S 75 N$(,-. µ(/$%4; 2("(./ &.*$; U*-81-%(/(+)A*0,  +4A*0,, 75 

8$(./&.*0, . 
Morph -S 150 N$(,-. µ(/$%4; 2("(./ &.*$; U*-81-%(/(+)A*0,  +4A*0,, 150 

8$(./&.*0, . 
w2v 50 N$(,-. µ(/$%4; 2("(. /&.*$;  +4A*0, /1-  Word2Vec, 50 

8$(./&.*0, . 
w2v 150 N$(,-. µ(/$%4; 2("(./&.*$;  +4A*0, /1-  Word2Vec, 150 

8$(./&.*0, . 
w2v 300 N$(,-. µ(/$%4; 2("(./&.*$;  +4A*0, /1-  Word2Vec, 300 

8$(./&.*0, . 
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4.3.4.1.! ;"#2$  ,3%/0/ ?&4-1/2"<% 

 

H"912&µµ& 3 ! '")$,*"6  ,+,45µ&4/6 ,4/  µ"#2$ ,3%/0/ #&4-1/2"<% &%90/1& µ* 4"6 )"&%+,µ&4"#:6 '&2&,49,*"6 '/+  F2-,"µ/'/"5D-#&% 86 ")"$4-4*6 
48% 0:.*8%. 

@:,($ *µ>(,4;  20;  5 %(+=/*"5 *2:81.5 *2$/-6#&,*/($ µ* /5 #").5  /0,  8$(,-. µ(/$%D, 2("(./&.*0,  Çw2v 

300È. S *2:81.5 (-/)  *:,($ %($ 5 %(+=/*"5 .*  9.(  2*$"&µ(/(  4#1-, *%/*+*./*:  ./(  2+(:.$(  /5;  *"6(.:(;  %($ 

/(  (21/*+4. µ(/(  8*:#,1-,  9/$ *,8*#1µ4,0;  '(  µ21"1=.*  ,(  3*+/$0'*:  2*"($/4"0  µ* 8$(,-. µ(/$%4; 

2("(./&.*$;  +4A*0, 2*"$..1/4"0,  8$(./&.*0,  (2.#. 600). @:,($ *2:.5;  *,8$(>4"1,  9/$ %($ µ9,1 5 #").5  

8$(,-. µ(/$%D, 2("(./&.*0,  U*-81-%(/(+)A*0,  (Morph-S 75, Morph-S 150) *2$/"42*$ ./1  .=./5 µ(  ,(  

A*2*",& .*  1"'9/5/(  *%*:,1 /5;  J1+4+5. !,/:'*/(  5 #").5  8$(,-. µ(/$%D, 2("(./&.*0,  U*-81-'* µ&/0,  

8*,  315'& /9.1 . !%1+1-'1=,  1$ %(µ2=+*; µ&'5.5;  µ* /5 #").5  8$(,-. µ(/$%D, 2("(./&.*0,  +4A*0,:

 

H"912&µµ& 4 O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&()*+,-  4/+ 4&."%/µ-45 µ:1",4-6 *%42/'(&6 ,4/  µ"#2$ ,3%/0/ #&4-1/2"<%, µ* 4"6 )"&%+,µ&4"#:6 
'&2&,49,*"6 0:.*8% Çw2v300È ,&% ")"$4-4*6. 

93.285%
93.638%

93.380%

90.315%

91.305% 91.169%
91.698%

93.163% 93.245%

93.923%
94.520%

95.388%

92.720%

87.000%

88.000%

89.000%

90.000%

91.000%

92.000%

93.000%

94.000%

95.000%

96.000%

Morph 50 Morph 
150

Morph 
300

Morph-P 
25

Morph-P 
75

Morph-P 
150

Morph-S 
25

Morph-S 
75

Morph-S 
150

w2v 50 w2v 150 w2v 300

?"'9/5/(  G*  I").5  N$(,-. µ(/$%D, E("(./&.*0,  (embeddings) - G$%"9 <=,1+1

?"'9/5/(  .*  <=,1+1 !A$1+965.5; ?"'9/5/(  <-./) µ(/1;  J1+4+5

100.00% 99.21% 99.26% 99.15% 99.13% 99.14% 99.07% 99.05% 99.05% 99.04% 99.04%

40.02%

93.88%
93.96% 94.61% 94.30% 94.34% 94.56% 94.59% 95.06% 95.10% 95.39%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

100.00%

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

J( µ2=+*; G&'5.5;

?"'9/5/(  - <=,1+1 @%2(:8*-.5; ?"'9/5/(  - <=,1+1 !A$1+965.5;
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4.3.4.2.! ;*1 90/ ,3%/0/ ?&4-1/2"<% 

 

H"912&µµ& 5 !'")$,*"6  ,+,45µ&4/6 ,4/  µ*190/ ,3%/0/ #&4-1/2"<% &%90/1& µ* 4"6 )"&%+,µ&4"#:6 '&2&,49,*"6 '/+  F2-,"µ/'/"5D-#&% 86 ")"$4-4*6 
48% 0:.*8%. 

V20;  %($ ./1  µ$%"9 .=,1+1 , 4/.$ %($ ./1  µ*6&+1 .=,1+1  %(/561"$D, 5 µ*6(+=/*"5  1"'9/5/(  *2$/-6#&,*/($ 

(29 /$; 8$(,-. µ(/$%4; 2("(./&.*$;  Çw2v 300È, ./1  83.37%. J($  .*  (-/9  /1 .=,1+1 , 1$ 8$(,-. µ(/$%4; 

2("(./&.*$;  /0,  U*-81-%(/(+)A*0,  >(:,*/($  ,(  4#1-, 2*"$..9/*"5  2+5"1>1":(  .*  .=6%"$.5 µ* /5;  

8$(,-. µ(/$%4; 2("(./ &.*$; /0,  U*-81-'* µ&/0, . !%1+1-'1=,  1$ %(µ2=+*; µ&'5.5;  ./1  µ*6&+1 .=,1+1  

%(/561"$D, µ* /5 #").5  /0,  8$(,-. µ(/$%D, 2("(./&.*0,  Çw2v 300È: 

 

H"912&µµ& 6 O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&()*+,-  4/+ 4&."%/µ-45 µ:1",4-6 *%42/'(&6 ,4/  µ*190/ ,3%/0/ #&4-1/2"<%, µ* 4"6 )"&%+,µ&4"#:6 
'&2&,49,*"6 0:.*8% Çw2v300È ,&% ")"$4-4*6. 

71.316% 73.347% 74.667%

61.937% 62.521% 62.457%

72.052% 71.659% 72.814%

79.109% 81.051%
83.374%

81.550%

.000%

10.000%

20.000%

30.000%

40.000%

50.000%

60.000%

70.000%

80.000%

90.000%

Morph 50 Morph 
150

Morph 
300

Morph-P 
25

Morph-P 
75

Morph-P 
150

Morph-S 
25

Morph-S 
75

Morph-S 
150

w2v 50 w2v 150 w2v 300

?"'9/5/(  G*  I").5  N$(,-. µ(/$%D, E("(./&.*0,  (embeddings) - G*6&+1 
<=,1+1

?"'9/5/(  - <=,1+1 !A$1+965.5; ?"'9/5/(  <-./) µ(/1;  J1+4+5

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

2.08%

67.38%
73.22% 76.11% 77.71% 79.06% 81.17% 81.79% 82.29% 82.59% 83.32%

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

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

F(A$,1µ5/);  G46$./5; @,/"12:(;  µ* #").5  N$(,-. µ(/$%D, 
E("(./&.*0,  P4A*0, - G*6&+1 .=,1+1

?"'9/5/(  - <=,1+1 @%2(:8*-.5; ?"'9/5/(  - <=,1+1 !A$1+965.5;
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4.4.! (@D.68µ07BJ N-:  ,96FB=0 (9O@236 #1S236 

4.4.1.! G&2&µ*42/'/(-,-  

¥! F&A5: 15 6$( ÇG$%"9 <=,1+1 J(/561"$D, È %($ 25 6$( /1 ÇG*6&+1 <=,1+1 J(/561"$D, È 

¥! @2(,(+)U*$;: 100 

?  /(A$,1µ5/);  /0,  M29 <-,')%5  F-#(:0,  E*8:0,  #"5.$µ121:5.* 8$(>1"*/$%& 2("&'-"(  +4A*0, 6$( /5,  

%(/(.%*-)  $8$1/)/0, ./1  µ$%"9 .=,1+1 . E$1 .-6%*%"$µ4,(  (,/:  6$( /5,  *29µ*,5  +4A5, 2*"$+(µ3&,*/($ ./1  

2("&'-"1  5 2"1561=µ*,5 , *2*$8) (-/9  18)65.*  .*  %(+=/*"(  (21/*+4. µ(/( . 

4.4.2.!  ;" #2$ C3%/0/ ?&4-1/2"<% 

 

 H"912&µµ& 7 O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&()*+,-  CRF, ,4/  µ"#2$ ,3%/0/ #&4-1/2"<% µ* 4"6 ")"$4-4*6 4-6 ?/0:0- . 

?  /(A$,1µ5/);  4>/(.*  . /1 91,67% 1"'9/5/(; , ./1  80% /1-  .-,9+1-  *%2(:8*-.5;  *,D  µ*/& 5 1"'9 /5/(  /1-  

42*.* . 

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

?  /(A$,1µ5/);  24/-#* µ9+$; 75.55% 1"'9/5/(  ./1  .-6%*%"$µ4,1 .=,1+1 . S 21+= #(µ5+9/*"5 1"'9/5/(  .*  

.=6%"$.5 µ* /1-;  &++1-; /(A$,1µ5/4; *,8*#1µ4,0;  ,(  1>*:+*/($ ./1  µ*6&+1 2+)'1;  $8$1/)/0,, /1 121:1 

(-A&,*$ $8$(:/*"( /1 2+)'1;  /0,  2("( µ4/"0,  21- 2"42*$ ,(  µ&'*$ 1 /(A$,1µ5/); . @,8*#1µ4,0;  5 #").5  

!,&+-.5;  J="$0,  <-,$./0.D,  (PCA) ,(  315'1=.*  ./5,  µ*:0.5  8$(./&.*0, , 6$( /5,  %(+=/*"5 %($ 

/(#=/*"5  *%2(:8*-.5  /1-  /(A$,1µ5/) . P960 4++*$U5; #"9,1- , 8*,  #"5.$µ121$)'5%* PCA. 

 

100.000% 99.520% 99.366% 99.341% 99.374% 99.374% 99.286% 99.263% 99.356% 99.326% 99.288%

47.653%

85.811% 86.503%
89.731% 90.654% 89.257% 88.511% 88.307%

91.671%
87.561% 87.697%

30.000%

40.000%

50.000%

60.000%

70.000%

80.000%

90.000%

100.000%

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

J( µ2=+*; G&'5.5;

?"'9/5/(  - <=,1+1 @%2(:8*-.5; ?"'9/5/(  - <=,1+1 !A$1+965.5;
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4.5.! G19436.=:  !2=798 #8<<56 )-.-CS36  

4.5.1.! G&2&µ*42/'/(-,-  

¥! J"->&  @2:2*8(: 4 

¥! R*-"D,*;  (,&  *2:2*81: 90 Ð 130 Ð 80 Ð 60 

¥! @21#4;: 2 

¥! <-,("/).*$;  *,*"6121:5.); : Rectifier Linear Unit (ReLu) Ð ReLu Ð ReLu Ð ReLu Ð SoftMax 

¥! !,(3&' µ$.5 Q("D, : Backpropagation µ* #").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%*%"$µ4,1 RR %(/(.%*-&./5%* 6$( /1-;  .%121=; 8$*"*=,5.5;  (%($ *2:8*$A5; .*  .* µ$,&"$1) /1-  

2(%4/1- Keras5, %($ 8*,  4#*$ *,.0 µ(/0'*:  ./1  %="$1 .=. /5µ( . </1 µ$%"9 .=,1+1  %(/561"$D, *2$/-6#&,*$ 

21.1./9  1"'9/5/(;  %1,/& ./1  90,80% #0":;  *% /0,  -./*"D ,  *2$.5µ*:0.5 . 

4.6.! '6@748P8S878Hµ168 G19436.=:  !2=798 736 Ling =.@. 

4.6.1.! !'&%&0&µA&%$µ*%/ J*+28%"#$ 

¥! G46*'1;  .- µ>"(L9µ*,0,  (context size) 6$( 85µ$1-"6:( 8$(,-. µ(/$%D, +4A*0, 2("(./&.*0,  (29 

#("(%/)"*; : 150 

¥! N$(./ &.*$; .- µ>"(L9µ*,0,  6$( 85µ$1-"6:( 8$(,-. µ(/$%D, 2("(./&.*0,  (29 +4A*$;: 150 

¥! N$(./ &.*$; 8$(,-. µ(/$%); 2("&./(.5;  #("(%/)"( : 50 

¥! N$(./ &.*$; 8$(,-. µ(/$%); 2("(./&.*0,  +4A5;: 50 

¥! @2(,(+)U*$;: 1000 -1500 

¥! <=,1+1 *2$%="0.5; : 20% .-,9+1-  *%2(:8*-.5;  

¥! I"9,1;  @%2(:8*-.5;: 1-2 µ4"*;  .*  CPU. 

4.6.2.!  ;"#2$  C3%/0/ ?&4-1/2"<% 

</1 µ$%"9 .=,1+1  %(/561"$D, /1 .=./5 µ(  >/&,*$ 94,56% 1"'9/5/(  .*  2*":21-  1500 *2(,(+)U*$; . S 

85µ$1-"6:( %(µ2-+D,  µ&'5.5;  (2($/1=.*  21+= #"9,1 %($ 6$( (-/9  8*,  46$,*. 

4.6.3.! ;*190/  C3%/0/ ?&4-1/2"<% 

</1 µ*6&+1 .=,1+1  /1 .=./5 µ(  2*/-#(:,*$  78,90% 1"'9/5/( . 

                                                
5 http://keras.io/ 
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4.7.! &0O@6B !.@69/µ>736 N-8/7B4.D0J  

4.7.1.! G&2&µ*42/'/(-,-  

G*  /5 µ4'181 cross-validation *2$+4#'5%* 5 34+/$./5 /$µ)  C 6 789. N-./-#D;  +960 /1 2+)'1-;  /0,  

$8$1/)/0, ./1  *%/*/(µ4,1 .=,1 +1 %(/561"$D,, 8*,  )/(,  8-,(/)  5 #").5  /1-  (+69"$'µ1= .*  (-/9 . </1 µ$%"9 

.=,1+1  #"5.$µ121$)'5%* 6"( µµ$%9; 2-"),(; . 

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

 

 

H"912&µµ& 8 O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&()*+,-  SVM, ,4/  µ"#2$ ,3%/0/ #&4-1/2"<% µ* 4"6 ")"$4-4*6 4-6 ?/0:0- . 

 

 

 

 

 

 

 

 

100.000%
95.812% 95.997% 96.322% 95.110% 96.285% 95.090% 96.296% 96.420% 96.395% 96.720%

40.505%

89.514% 89.080% 89.514% 88.985% 90.613% 89.162% 90.572% 90.016% 90.233% 90.098%

30.000%

40.000%

50.000%

60.000%

70.000%

80.000%

90.000%

100.000%

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

J( µ2=+*; G&'5.5;

?"'9/5/(  - <=,1+1 @%2(:8*-.5; ?"'9/5/(  - <=,1+1 !A$1+965.5;
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4.8.! (1<.=B ,H;=4./0  

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

G*  3&.5 /1 2("(%&/0  8$&6"(µµ(  2("(/5"*:/($  20;  µ9,1 /1 (,(/"1>181/1= µ*,1  ,*-"0,$%9 8:%/-1 /0,  

Ling %.( . (Ling, Luõs, et al. 2015a) %(/&>*"* ,(  A*2*"&.*$ /$; *2$89.*$; /1-  (+69"$'µ1-  G46$./5; @,/"12:(; . 

S #").5  8$(,-. µ(/$%D, 2("(./&.*0,  +4A*0, (218*$%,=*/($ 20;  (218:8*$ ("%*/& %(+& ./1  2"93+5µ(  

@GP.  

 

H"912&µµ& 9 K."/0$1-,-  48% *'")$,*8%  )"&@/2*4"#<% &01/2(Dµ8% #&" ")"/4548% 1"& 4/ µ"#2$ ,3%/0/ #&4-1/2"<%. 

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

F1 µ*6&+1 .=,1+1  *:#* 2*"$..9/*"*;  $8$9/5/*;, µ* (21/4+*. µ(  /(  2*":2+1%( µ1,/4+(  /(A$,1µ5/D,  ,(  
(2($/1=,  21+= 2*"$..9/*"1  #"9,1 6$( ,(  *%2($8*-/1=, %($ ,(  *A(6&61-, %(+& (21/*+4. µ(/( . S #").5  
8$(,-. µ(/$%D, 2("(./&.*0,  *2$/&#-,* 21+= /5 8$(8$%(.:( %($ 480.*  %(+=/*"(  (21/*+4. µ(/( . 

 

H"912&µµ& 10 K."/0$1-,-  48% *'")$,*8%  )"&@/2*4"#<% &01/2(Dµ8% #&" ")"/4548% 1"& 4/ µ*190/ ,3%/0/ #&4-1/2"<%. 

93.41%

90.61%

91.67%

90.80%

94.56%

95.39%

92.72%

88.00%

89.00%

90.00%

91.00%

92.00%

93.00%

94.00%

95.00%

96.00%

F(A$,1µ5/);  G46$./5 
@,/"12:(;  µ* ./(/$./$%4;  

%($ µ1">1+16$%4; $8$9/5/*; 

G5#(,)  N$(,-. µ&/0,  
M21./)"$A5;  

M21 <-,')%5  F-#(:(  E*8:( R*-"0,$%9 E1++D, 
@2$2480,

!,(/"1>181/1= µ*,1  
R*-"0,$%9 /0,  Ling %.( .

F(A$,1µ5/);  G46$./5 
@,/"12:(;  µ* 

8$(,-. µ(/$%4; 2("(./&.*$;  
+4A*0, (w2v 300)

!A$1+965.5 !+61":' µ0,

82.358%

75.550%

78.900%

83.374%

81.550%

70.000%
72.000%
74.000%
76.000%
78.000%
80.000%
82.000%
84.000%

F(A$,1µ5/);  G46$./5 
@,/"12:(;  µ* ./(/$./$%4;  %($ 

µ1">1+16$%4; $8$9/5/*; 

M21 <-,')%5  F-#(:(  E*8:( !,(/"1>181/1= µ*,1  
R*-"0,$%9 /0,  Ling %.( .

F(A$,1µ5/);  G46$./5 
@,/"12:(;  µ* 8$(,-. µ(/$%4; 
2("(./&.*$;  +4A*0, (w2v 

300)

!A$1+965.5 !+61":' µ0,
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4.9.! (1<.=B )-2S8/0  /1  GC8 ,H68<8 'D.8<:;0/0J  

@2*$8) /1 .=,1+1  (A$1+965.5;  *:#* #"5.$µ121$5'*: *2(,*$+5µµ4,(  .*  2"1561=µ*,*;  2/-#$(%4;, 

(21>(.:.( µ* ,(  .-6%":,1- µ* /1,  (+69"$'µ1 21- /(  *:#* /5,  -U5+9/*"5  *2:81.5 %($ /1,  (+69"$'µ1 /5;  

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

Wikipedia, &"'"(  (++& %($ +161/*#,$%& 3$3+:(. F1 .=,1+1  (-/9  (21/*+*:/($  (29 7441 +4A*$; %($ 

*2$.5µ*$D'5%* µ* /1 #4"$ %($ ./(  2 .=,1+(  %(/561"$D,.  </1 .=,1+1  *%2(:8*-.5;   2"1.'4.( µ* /1 -2&"#1,  

.=,1+1  (A$1+965.5; /5;  J1+4+5 %($ 4/.$ >/$&A(µ* 4,(  µ*6(+=/*"1  .=,1+1 , /1 121:1 4#*$ 31553 +4A*$;. F1 

2(+$9 .=,1+1  *%2(:8*-.5;  (21/*+*:  2*":21-  /1 75% (-/1=  21- 2"14%-U*. 

4.9.1.! E&."%/µ-456 ;:1",4-6  !%42/'(&6 ;*  C4&4",4"#:6 N)"$4-4*6 

;"#2$  C3%/0/  

  

H"912&µµ& 11 O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&() *+,-  4/+ 4&."%/µ-45 µ:1",4-6 *%42/'(&6 ,4/  µ"#2$ ,3%/0/ #&4-1/2"<%, µ* 4"6 ")"$4-4*6 4-6 
?/0:0- , 1"& 4/ %:/ ,3%/0/ &."/0$1-,-6 . 

;*190/  C3%/0/ 

 

H"912&µµ& 12 O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&()*+,-  4/+ 4&."%/µ-45 µ:1",4-6 *%42/'(&6 ,4/  µ*190/ ,3%/0/ #&4-1/2"<%, µ* 4"6 ")"$4-4*6 4-6 
?/0:0- , 1"& 4/ %:/ ,3%/0/ &."/0$1-,-6 . 

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

88.22%
90.92% 91.66% 91.96% 91.27% 91.37% 91.09% 90.85% 91.06% 91.01% 90.84%

70.00%

75.00%

80.00%

85.00%

90.00%

95.00%

100.00%

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

J( µ2=+*; G&'5.5;

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

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

70.99%

72.81% 78.64% 79.26% 80.44% 80.81% 81.26% 81.23% 81.38%

70.00%

75.00%

80.00%

85.00%

90.00%

95.00%

100.00%

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

J( µ2=+*; G&'5.5;

?"'9/5/(  <=,1+1 @%2(:8*-.5; ?"'9/5/(  <=,1+1 !A$1+965;
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4.9.2.! E&."%/µ-456 ;:1",4-6  !%42/'(&6 ;*  H"&%+,µ&4"#:6 G&2&,49,*"6 =:.*8% 

;"#2$  C3%/0/ 

 

H"912&µµ& 13 O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&()*+,-  4/+ 4&."%/µ-45 µ:1",4-6 *%42/'(&6 ,4/  µ"#2$ ,3%/0/ #&4-1/2"<% µ* 4"6 )"&%+,µ&4"#:6 
'&2&,49,*"6 0:.*8% Çw2v300È ,&% ")"$4-4*6, 1"& 4/ %:/ ,3%/0/ &."/0$1-,-6 . 

;*190/  C3%/0/ 

 

H"912&µµ& 14 O" #&µ'30*6 µ9D-,-6  1"& 4-% *#'&()*+,-  4/+ 4&."%/µ-45 µ:1",4-6 *%42/'(&6 ,4/  µ*190/ ,3%/0/ #&4-1/2"<% µ* 4"6 )"&%+,µ&4"#:6 
'&2&,49,*"6 0:.*8% Çw2v300È ,&% ")"$4-4*6, 1"& 4/ %:/ ,3%/0/ &."/0$1-,-6 . 

 

 

100.00% 99.11% 99.07% 99.06% 99.00% 99.01% 98.93% 98.99% 99.02%99.05%

94.31%
95.53%95.99% 96.19%96.39% 96.53%96.53% 96.82% 97.05%97.12%96.93% 96.87% 96.7É

70.00%

75.00%

80.00%

85.00%

90.00%

95.00%

100.00%

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

J( µ2=+*; G&'5.5;

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

95.95%95.59% 95.20% 94.20% 93.97% 93.90% 93.86% 93.66% 93.68% 93.82%

76.83%
79.03%

80.61%
82.15%83.01%

84.43%84.94%85.86%86.43%87.30%88.34%87.92%87.57%87.30%87.09%

70.00%

75.00%

80.00%

85.00%

90.00%

95.00%

100.00%

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

J( µ2=+*; G&'5.5;

?"'9/5/(  <=,1+1 @%2(:8*-.5; ?"'9/5/(  <=,1+1 !A$1+965;
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4.9.3.! E*0"#$ C+µ':2&, µ& 

?  2("(%&/0  2:,(%( .-,1U:L*$ /(  (21/*+4. µ(/(  6$( /1 ,41 .=,1+1  (A$1+965.5;:  

!"#$%&µ'()*  
+,-$.('*  /%(0&12"* 
µ3: 

&1;><8  ,H68<8: 
#8/8/7:  /96:<89  
1=-@2S19/0J 

&.=4:  
,H68<8: 
L4F:707@ 

&1;><8  ,H68<8: 
#8/8/7:  /96:<89  
1=-@2S19/0J 

&1;><8  ,H68<8: 
84F:707@ 

C4&4",4"#:6 ")"$4-4*6 21.91% 
 

91.13% 
 

100.00% 81.38% 
 

H"&%+,µ&4"#:6 
G&2&,49,*"6 =:.*8% 

75% 97.12% 
 

75.00% 
 

88.34% 
 

 

E("(/5"1= µ* (29 /$; %(µ2=+*; µ&'5.5;  %($ /1,  2("(2&,0  2:,(%(, 9/$ 1 /(A$,1µ5/);  µ46$./5; *,/"12:(;  

µ* /5 #").5  8$(,-. µ(/$%D, 2("(./&.*0,  *2$/-6#&,*$ -U5+9/*"(  21.1./&  1"'9/5/(;  %($ ./(  8=1 .=,1+(  

%(/561"$D,, %($ µ* 8$(>1"& µ*6(+=/*"5 /1-  5% (29 /1,  /(A$,1µ5/)  µ46$./5; *,/"12:(;  µ* ./( /$./$%4; 

$8$9/5/*; +4A*0,. E$'(,9/(/( , (-/9  1>*:+*/($ ./1  6*61,9; 9/$ 1$ 8$(,-. µ(/$%4; 2("(./&.*$;  +4A*0, 

2("&61,/($  µ* µ5 *2$3+*29µ*,5  µ&'5.5 , µ* (21/4+*. µ(  1$ (+69"$'µ1$ 21- /$; #"5.$µ121$1=, µ21"1=, ,(  

6*,$%*=.1-, %(+=/*"(  .*  &6,0./(  .=,1+( . @2:.5; µ21"1=µ* ,(  2("(/5").1- µ* 20;  1$ %(µ2=+*; µ&'5.5;  

8*,  2("1-.$&L1-,  µ*6&+5 (,18$%) %+:.5 ./1  .=,1+1  (A$1+965.5;, µ* /5,  (=A5.5 /1-  .-,9+1-  *%2(:8*-.5; , 

%($ $8:0; 6$( /$µ4; µ*6(+=/*"*;  /1-  75%. 
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5.!,9 µ-14>/ µ@7@ =@. &1<<867.=B R4196@ 

5.1.! ,9 µ-14>/ µ@7@ 

<* (-/)  /5,  *"6(.:(  (,(2/=#'5%*  4,(  2+)"0;  2("( µ*/"121$).$µ1 %($ *2*%/&.$µ1 .=./5 µ(  *2$.5µ*:0.5;  

µ*"D,  /1-  +961- 6$( @++5,$%9 %*:µ*,1 . N1%$µ&./5%(,  %($ .-6%":'5%(,  8$(>1"*/$%1: (+69"$'µ1$ µ&'5.5;  

(µ46$./5; *,/"12:(; , -29 .-,')%5  /-#(:(  2*8:(, µ5#(,4;  8$(,-. µ&/0,  -21./)"$A5;  %($ ,*-"0,$%& 8:%/-() 

%('D;  %($ ,*9/*"*;  /*#,$%4; 2("(606);  8$(,-. µ(/$%D, 2("(./&.*0,  +4A*0,, #("(%/)"0, , '* µ&/0,  %($ 

%(/(+)A*0, . F(  %(+=/*"(  (21/*+4. µ(/(  *2$/*=#'5%(, µ* /(A$,1µ5/)  µ46$./5; *,/"12:(;  %($ $8$9/5/*; 

3(.$. µ4,*;  .*  8$(,-. µ(/$%4; 2("(./&.*$;  +4A*0,. 

5.2.! #4871.6:µ160 &1<<867.=B R4196@ 

F1 .=./5 µ(  (-/);  /5;  *"6(.:(;  '(  µ21"1=.*  ,(  3*+/$0'*:  ./1  µ4++1, 0;  *A); : 

¥! G*  3&.5 /$; %(µ2=+*; µ&'5.5; , 36(:,*$ /1 .- µ24"(. µ(  20;  4,(  µ*6(+=/*"1  .=,1+1  *%2(:8*-.5 ;  '(  

315'1=.*  ./$;  2*"$..9/*"*;  2*"$2/D.*$;. 

¥! ?$ (+69"$'µ1$, %($ %-":0;  /(  RR, '(  µ21"1=.(,  ,(  2("( µ*/"121$5'1=,  2*"$..9/*"1 , $8:0; µ4.0  

/*#,$%D, 920;  5 Q*+/$./121:5.5 Bayes (Bayesian Optimization). 

¥! J(/(.%*-)  2*"$..9/*"0,  %(,9,0,  %($ µ*6(+=/*"0,  +*A$%D, 6$( Ç*% /0,  -./4"0,  *2$.5µ*:0.5 È. 

¥! <-,8-(. µ9; (ensemble) (+61":' µ0,  µ&'5.5; . 

¥! G*:0.5  8$(./&.*0,  $8$1/)/0,, $8:0; 6$( /1 µ*6&+1 .=,1+1  %(/561"$D,, µ* #").5  !,&+-.5;  J="$0,  

<-,$./0.D,  )  !-/9 -%08$%121$5/D, (Autoencoders). 

¥! @2(,&+5U5 /0,  2*$"(µ&/0,  2&,0 ./1  ,41 .=,1 +1 *%2(:8*-.5; . 
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6. Παράρτηµα 
6.1. Πίνακας Σχετικής έρευνας 
Σύνοψη Μεθόδων ΕΜΛ της ενότητας 2, από κάθε άρθρο έχουν επιλεγεί όσα στοιχεία κρίθηκαν πιο σηµαντικά. Για περισσότερες και πιο ακριβείς πληροφορίες 

σχετικά µε την κάθε µέθοδο, είναι δόκιµο να διαβαστεί το στο αντίστοιχο άρθρο. 

Corpus	 Language	 Level	 Eval	Metric	 Value	 Features	 Algorithm	 Year	

Brown	Corpus	 English	 Word	 Accuracy	 96,00%	 Stem,	Tag	Lexicon	 Baum	Welch,	HMM	 (Cutting,	και	συν.	1992)	

Brown	Corpus	 English	 Word	 Accuracy	 77,10%	 Words,	Patterns	 Rule	Based	 (Greene	1971)	

Unknown	 English	 Word	 Accuracy	 96,00%	 Tag	Lexicon,	Sequence	 Markov	Model	 (Kempe	1993)	

Unknown	 English	 Word	 Accuracy	 96,00%	 Word,	 Suffix	 frequencies	 in	
Categories	

Artificial	Neural	Network	 (Schmidt	1994)	

Bown	Corpus	 English	 Word	 Accuracy	 95,00%	 Contextual	 and	 Word	
Features	

Custom	Tag	Induction	Proceedure	 (Schütze	1995)	

Penn	Treebank	 English	 Word	 Accuracy	 96,49%	 suffix,	Prefix,	Word,	Contains	
Charactes,	 surrounding	
Words	

Maximum	Entropy	 (Ratnaparkhi	1996)	

Penn	Treebank	 English	 Word	 Accuracy	 97,36%	 Character,	 Suffix	 and	 Word	
Embeddings	

Bi-LSTM	 (Ling,	Luıs,	και	συν.	2015a)	

Mac-Morpho	Corpus	 Brazillian	
Portuguese	

Word	 Accuracy	 97,47%	 Character	 and	 Word	
Embeddings	

Customized	Conolutional	Network	 (Santos	και	Zdrony	2015)	

Tigger	Treebank	 German	 Word	 Accuracy	 97,80%	 Character	 and	 Word	
Embeddings	

(bi)RNN,	CNN,	against	CRFs	 (Labeau,	Loser	and	
Allauzen	2015)	

Sina	Newa	 Chinese	 Word	 F1	 91,19%	 Character	Embeddings	 Multilayer	Neural	Network	 (Zheng,	Chen	and	Xu	2013)	

	Penn	 TreeBank	 part	
(accuracy),	CoNLL	

English	 Word	 F1	 87,00%	 Word	Embeddings	 CRF,	Sigmoid	Linear	(2	hidden)	NN	 (Wang	and	Manning	2013)	

Penn	TreeBank	 English	 Word	 Accuracy	 95,04%	 Word	 Embeddings,	 N-Gram	
Features	

Greedy	Tagger	on	Top	of	RBM	 (Ma,	Zhang	and	Zhu	2014)	

CONLL	2002	 Spanish	 Word	 F1	 82,21%	 Word	 Embeddings,	
Character	Embeddings	

CharWNN	(MLP)	 (Santos	and	Guimaraes	
2015)	

Penn	Treebank	 English	 Word	 Accuracy	 97,45%	 Word	Embeddings	 Custom	Online	Algorithm	with	NN	 (Tsuboi	2014)	

NEGRA	 German	 Word	 Accuracy	 91,90%	 Tag	Lexicon,	Sequence	 SVM	 (Nietzio	2002)	
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QuestionBank	 and	 Web	
Generated	Corpus	

English	 Word	 Accuracy	 87,60%	 Word	Sequence,	Suffix	 CRF	 (Semi	 and	 Fully	 Supervised,	 with	
Viterbi	fine	tuning)	

(Subramanya,	Petrov	and	
Pereira	2010)	

French	Tree	Bank	 French	 Word	 Accuracy		 97,70%	 Word	 Features,	 BiGram	
Features,	Multiwords	

CRF	 (Constant	and	Sigogne	
2011)	

Custom	 Amazighe	
(Morocco)	

Word	 Accuracy	 88,60%	 Lexical	and	N-Gram	Features	 CRF,	SVM	 (Benajiba,	Rosso	and	
Zenkouar	2011)	

Custom	 English	 Word	 Accuracy	 99,08%	 Word	Features	 Maximum	Entropy	 (Ma	and	Huang	2011)	

Penn	Treebank	 English	 Word	 Accuracy	 97,68%	 Word	Features,	Shape,		 Stanford	 PoS	 Tagger,	 not	 more	
specifics?	

(Manning,	Part-of-Speech	
Tagging	from	97%	to	

100%:	Is	It	Time	for	Some	
Linguistics?	2011)	

Mac	Morpho	 Portoguese	 Word	 Accuracy	 96,48%	 Word	Embeddings	 MLP	 (Fonseca	and	Rosa	2013)	

Several,	PENN(Accuracy)	 English	
(Accuracy),		
Several	

Word	 Accuracy	 97,19%	 Word	 Features,	 Shape,	
suffix,	Prefix,	Word,	Contains	
Charactes,	 surrounding	
Words	

High	Order	(pruned)	CRF	 (Müller,	Schmid	and	
Schütze	2013)	

Various,	Penn	Treebank	WSJ	
(accuracy)	

English	 Word	 Accuracy	 96,29%	 distributional,	 suffix	 and	
shape	features	(FLORS)	

SVM	 (Schnabel	and	Schütze	
2014)	

Brown	Corpus	 English	 Word	 Accuracy	 96,68%	 Tag	Lexicon,	Sequence	 Evolutionary	Algorithms	 (Forsati	and	Shamsfard	
2014)	

Brown(English),	 Several	
others	for	other	languages	

Multiple	 Word	 Accuracy	 97,65%	 Word,	Suffix	 Mulitlingual	 Weightless	 Artificial	
Neural	Network		

(Carneiro,	França	and	Lima	
2015)	

Hyderabad	TagSet	 Hindu,	
Bengali	

Word	 Accuracy	 90,45%	 Word	 Features,	 Tag	 lexicon,	
Context	Features	

Custom	Simulated	Annealing	 (Ekbal	and	Saha	2013)	

Several	(PENN	WSJ	Accuracy)	 English	 Word	 Accuracy	 96,63%	 Reimplementation	of	FLORS	 Custom	Online	Algorithm	 (Yin,	Schnabel	and	Schütze	
2015)	

UPENN(accuracy),	 ATR	
General	English	Treebank	

English	 Word	 Accuracy	 97,03%	 Phrase,	Word	Features	 Log-Linear	model		 (Finch	and	Sumita	2015)	

Brown	 English	 Word	 Accuracy	 96,55%	 Custom	Tag	Lexicon	 SVM	 (Moore	2015)	

Several	(PENN	WSJ	F1)	 Engish		 Word	 F1	 91,39%	 Word	 Embeddings,	
Sequence	

Neural	CRF	 (Durrett	and	Klein	2015)	
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6.2.! !"#$%&'&(  !)*"+,+"-&(  ./0  '+  $1$'* µ0 02'3(  '*(  &".0$-0(  

¥! !  µ"#$% &"'  &#(&)* +,  (-"'+  .,  /)/" µ(+,  )*01/"'  0."  020.3µ,  )4+,* /2"  0.%5)6 02µ$7+,  µ)  ."  &#1.'&"  

CONLL. !  &#8.3 0.%53 &#(&)* +,  )4+,* ."  ,+,9+7#*0.*:1  )+16 &,#,/)49 µ,."6 , 0.3+ &#":)*µ(+3 

&)#4&.703 µ*,  5(;3 , :,*  3 /)2.)#3  0.%53 ."  ,+,9+7#*0.*:1  .36 :,.39"#4,6  0.3+ "&"4,  ,+%:)*. <* 0.%5)6 

µ&"#"2+ +,  )4+,* -7#*0µ(+)6 µ).,;2  ."'6  µ)  "&"*"+/%&".) /*,-7#*0.%  )&*='µ)4 "  -#%0.36. >+,  

&,#?/)*9 µ,  ,#-)4"'  µ)  /*,-7#*0.%  ."  :)+1  )4+,*: 

 

¥! !  -#%03 .36 :,.39"#4,6  null µ(0,  0) (+,  ,#-)4" , &#":,5)4  .3  /*,:"&%  µ*,6 ,:"5"'=4,6  0."  ,#-)4" . @+ 

=(5)* :?&"*"6 &.- . +,  ):&,*/)20)*  (+, + ,591#*=µ"  ,+?  &#1.,03, .1.)  µ).?  ,&1 :?=)  03µ)4" 0.4;36 =,  

µ&"#"20)  +,  (-)*  µ*,  "&"*,/%&".)  5(;3  µ)  .3+ :,.39"#4,  null. !  5(;3  ,'.%  /)+  =,  53$=)4 '&1A3 0.3+ 

):&,4/)'03  % .3+ ,;*"519303  ."'  ,59"#4=µ"' , ,55? :?=)  $"#?  &"'  ,591#*=µ"6 ):&,*/)2).,*  0) µ*,  

,:"5"'=4 , , .1.)  /)+  =,  :"*.?)*  &(#,  % &#*+ ,&1 ,'.% . B.3 0'9:):#* µ(+3 )#9,04,  ,'.1  C"%=30) 0."  +,  

µ3+ 53$="2+ '&1A3 5(;)*6 ,&1 )&1µ)+,  % &#"39"2µ)+,  ?#=#,, 0,+  &#"39"2µ)+3 % )&1µ)+3 5(;3 , ,+  3 

&,#"20,  5(;3  )4+,* 3 &#8.3 % 3 .)5)'.,4,  )+16 ?#=#"' . 

¥! D" µ)9?5" 02+"5" ).*:).8+  &)#*5,µC?+)* .*6 ,:15"'=)6  ).*:(.)6 . 
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