
Szeged, 2018. január 18–19. 171  

 

❇❡"③$❞❢❡❧✐"♠❡*➤❦ ♠$❧② ♥❡✉*♦♥❤2❧3"

2❧❧❛♣♦6❦❛♣❝"♦❧2"✐ ❛❧❣♦*✐6♠✉"❛✐♥❛❦

❦9"$*❧❡6✐ :""③❡❤❛"♦♥❧962"❛

❚!"❤ ▲%&③❧!

1
✱ ●+!&③ ❚❛♠%&

1,2
✱ ●♦&③"♦❧②❛ ●%❜♦+

2

1
❙③❡❣❡❞✐ ❚✉❞♦♠*♥②❡❣②❡-❡♠✱ ■♥❢♦1♠❛-✐❦❛✐ ■♥-4③❡-

2
▼❚❆✲❙❩❚❊ ▼❡:-❡1:4❣❡: ■♥-❡❧❧✐❣❡♥❝✐❛ ❑✉-❛->❝:♦♣♦1-

④ -♦-❤❧✱ ❣1♦:③-✱ ❣❣❛❜♦1 ⑥ ❅ ✐♥❢✳✉✲:③❡❣❡❞✳❤✉

❑✐✈♦♥❛& ❆③ ✉->❜❜✐ 4✈❡❦❜❡♥ ❛ 1❡❥-❡-- ▼❛1❦♦✈✲♠♦❞❡❧❧❡: ❜❡:③4❞❢❡❧✐:♠❡✲

1➤❦❜❡♥ ❛ ❦✐❜♦❝:*-*:✐ ❡❧♦:③❧*:♦❦ ❜❡❝:❧4:41❡ ❤❛:③♥*❧- ●❛✉::✲❦❡✈❡14❦♠♦❞❡❧✲

❧❡❦❡- ❛ ♠4❧② ♥❡✉1♦♥❤*❧>❦ ✈*❧-♦--*❦ ❢❡❧✳ ❆③♦♥❜❛♥ ❛③ ❡❧♠J❧- ❤*1♦♠ 4✈-✐③❡❞✲

❜❡♥ ❛ ●❛✉::✲❛❧❛♣J ♠♦❞❡❧❧❡③4: ❥❛✈K-*:*1❛ :③*♠♦: ❛❧❣♦1✐-♠✐❦❛✐ ✜♥♦♠K-*:-

✈❡③❡--❡❦ ❜❡✱ ❛♠❡❧②❡❦♥❡❦ ❛ ♠4❧② ♥❡✉1♦♥❤*❧>: ❦M1♥②❡③❡-❜❡ ✈❛❧> *-N❧-❡-4✲

:❡ ♥❡♠ ♠✐♥❞✐❣ -1✐✈✐*❧✐:✳ ❊❣② ✐❧②❡♥ ♣4❧❞❛ ❛ ❦M1♥②❡③❡-❢N❣❣➤ ❜❡:③4❞❤❛♥❣✲

♠♦❞❡❧❧❡❦ ❧4-1❡❤♦③*:*1❛ ❦✐-❛❧*❧- ❞M♥-4:✐ ❢❛✲❛❧❛♣J *❧❧❛♣♦-❦❛♣❝:♦❧*:✐ ❡❧❥*1*:✳

❏❡❧❡♥❧❡❣ ♠✐♥❞❡♥❦✐ ❛ 14❣✐✱ ❥>❧ ❜❡✈*❧- ❛❧❣♦1✐-♠✉:- ❤❛:③♥*❧❥❛ ❛ ♠4❧② ❤*❧>:

❢❡❧✐:♠❡1➤❦❜❡♥ ✐:✱ ❛♥♥❛❦ ❡❧❧❡♥41❡✱ ❤♦❣② ❛③ ❛❧❣♦1✐-♠✉: :♣❡❝✐*❧✐:❛♥ ❛ ●❛✉::✲

❣M1❜4❦ ✐❧❧❡:③❦❡❞4:4- ❤❛:③♥*❧❥❛ ❦✐✱ K❣② ♦♣-✐♠❛❧✐-*:❛ ❡❣② ♠4❧② ❤*❧>: 1❡♥❞✲

:③❡1❜❡♥ ♠❡❣❦41❞➤❥❡❧❡③❤❡-➤✳ ❆③ ✉->❜❜✐ ✐❞➤❜❡♥ ❛③♦♥❜❛♥ -M❜❜ ♦❧②❛♥ *❧❧❛✲

♣♦-❦❧❛:③-❡1❡③➤ ❛❧❣♦1✐-♠✉:- ✐: ♣✉❜❧✐❦*❧-❛❦✱ ❛♠❡❧②❡❦ ♠❡❣❦K:41❧✐❦ ❛ ❦♦1*❜❜✐

❡❧❥*1*:- ❛ ♠4❧② ♥❡✉1♦♥❤*❧>: ♠♦❞❡❧❧❡③4:❤❡③ ✐❣❛③K-❛♥✐✳ ❏❡❧❡♥ ❝✐❦❦❜❡♥ ♥4❣②

✐❧②❡♥ ❛❧❣♦1✐-♠✉:- ❤❛:♦♥❧K-✉♥❦ M::③❡ ❡❣② ❛♥❣♦❧ ♥②❡❧✈➯ ❛❞❛-❜*③✐:♦♥✱ ♠❛❥❞

❛ ❧❡❣❥♦❜❜♥❛❦ ❜✐③♦♥②✉❧> ♠>❞:③❡1- ❡❣② ♠❛❣②❛1 ❦♦1♣✉:③♦♥ ✐: ❦✐41-4❦❡❧❥N❦✳

❊1❡❞♠4♥②❡✐♥❦ ❛③- ♠✉-❛-❥*❦✱ ❤♦❣② ❡③❡❦ ❛③ J❥ ❛❧❣♦1✐-♠✉:♦❦ :③✐❣♥✐✜❦*♥:❛♥

❥♦❜❜ ❡1❡❞♠4♥②- ❛❞♥❛❦✱ ♠✐♥- ❛ 14❣✐✱ ●❛✉::✲❛❧❛♣J ♠❡❣♦❧❞*:✱ ❦M:③M♥❤❡-➤❡♥

❛♥♥❛❦✱ ❤♦❣② ♠➯❦M❞4:N❦ ❛ ♥❡✉1♦♥❤*❧>❦ ❦✐♠❡♥❡-4❤❡③ ✈❛♥ ✐❣❛③K-✈❛✳

❑✉❧❝**③❛✈❛❦✿ ❜❡:③4❞❢❡❧✐:♠❡14:✱ ♠4❧② ♥❡✉1♦♥❤*❧>✱ ❦M1♥②❡③❡-❢N❣❣➤ ♠♦✲

❞❡❧❧❡③4:✱ *❧❧❛♣♦-❦❛♣❝:♦❧*:

✶✳ ❇❡✈❡③❡&'(

❆ ❣3♣✐ ❜❡&③3❞❢❡❧✐&♠❡+3&❜❡♥ ❤❛&③♥%❧" +❡❥"❡"" ▼❛+❦♦✈✲♠♦❞❡❧❧❡❦ ✭❍✐❞❞❡♥ ▼❛+❦♦✈

▼♦❞❡❧✱ ❍▼▼✮ ❧❡❣❢♦♥"♦&❛❜❜ ❦♦♠♣♦♥❡♥&❡ ❛③ ❛❦✉&③"✐❦✉& ❥❡❧❧❡♠③➤❦ ❡❧♦&③❧%&%" ❧❡✲

D+! ✈❛❧!&③D♥➯&3❣✐ ♠♦❞❡❧❧✱ ♠❡❧② ❝3❧+❛ ❤❛❣②♦♠%♥②♦&❛♥ ●❛✉&&✲❡❧♦&③❧%&♦❦ ❦❡✈❡+3❦3"

✭●❛✉&&✐❛♥ ▼✐①"✉+❡ ▼♦❞❡❧✱ ●▼▼✮ &③♦❦"%❦ ❛❧❦❛❧♠❛③♥✐✳ ❆③ ✉"!❜❜✐ 3✈❡❦❜❡♥ ❛③♦♥✲

❜❛♥ ❛ ♠3❧② ♥❡✉+♦♥❤%❧!❦ ✭❉❡❡♣ ◆❡✉+❛❧ ◆❡"✇♦+❦✱ ❉◆◆✮ ❛♥♥②✐✈❛❧ ❥♦❜❜♥❛❦ ❜✐✲

③♦♥②✉❧"❛❦ ❡③❡♥ ❛ "3+❡♥✱ ❤♦❣② ❛ ❤❛❣②♦♠%♥②♦&✱ ●▼▼✲❛❧❛♣L +❡♥❞&③❡+❡❦❡" ✭+M✈✐✲

❞❡♥ ❍▼▼✴●▼▼✮ "❡❧❥❡&❡♥ ❦✐&③♦+D"♦""❛ ❛ ❉◆◆✲❛❧❛♣L ❤✐❜+✐❞ ♠❡❣♦❧❞%& ✭+M✈✐❞❡♥

❍▼▼✴❉◆◆ ❤✐❜+✐❞✮✳ ❆ ❍▼▼✴●▼▼ ♠♦❞❡❧❧❡❦ ♠M❣M"" ❛③♦♥❜❛♥ "M❜❜ 3✈"✐③❡❞✲

♥②✐ ❢❡❥❧❡&③"3& ✈❛♥✱ &③%♠♦& ♦❧②❛♥ ❛❧❣♦+✐"♠✐❦❛✐ "+O❦❦❡❧✱ ❛♠❡❧②❡❦❡" ♥❡♠ ❢❡❧"3"❧❡♥O❧

❧❡❤❡" ❛ ❤✐❜+✐❞ ❍▼▼✴❉◆◆ &3♠%+❛ "+✐✈✐%❧✐& ♠!❞♦♥ %"O❧"❡"♥✐✳ ❊❣② ✐❧②❡♥ ♣3❧❞❛ ❛



172 XIV. Magyar Számítógépes Nyelvészeti Konferencia 

 

❜❡"③$❞❢❡❧✐"♠❡*➤❦ ❜❡-❛♥0-1"❛ *$"③❧❡-❡" "③❡❣♠❡♥-1❧1"✐ ❛♥♥♦-1❝✐5 ♥$❧❦6❧ ✭❛♥❣♦❧ "③❛❦✲

③"❛*❣♦♥❜❛♥ ✧✢❛- "-❛*-✧ -❛♥0-1"✮✱ ❡❣② ♠1"✐❦ ❢♦♥-♦" ❢❡❧❛❞❛- ♣❡❞✐❣ ❛ ❦?*♥②❡③❡-❢6❣❣➤

✭❝♦♥-❡①-✲❞❡♣❡♥❞❡♥-✱ ❈❉✮ ❜❡"③$❞❤❛♥❣✲♠♦❞❡❧❧❡❦ ❛✉-♦♠❛-✐❦✉" ❦✐❛❧❛❦0-1"❛✳ ❆ ❤❛✲

❣②♦♠1♥②♦" ❍▼▼✴●▼▼ ❦❡*❡-❜❡♥ ♠✐♥❞❦❡--➤*❡ ❥5❧ ❜❡✈1❧- ❛❧❣♦*✐-♠✉"♦❦ ❧$-❡③♥❡❦✱

0❣② -♦✈1❜❜*❛ ✐" ❡③❡❦❡- ❛ ♠5❞"③❡*❡❦❡- ❤❛"③♥1❧❥✉❦ ❛ ❤✐❜*✐❞ *❡♥❞"③❡*❡❦ ✐♥✐❝✐❛❧✐③1✲

❧1"❛ "♦*1♥✳ ❊③ ❣②❛❦♦*❧❛-✐❧❛❣ ❛③- ❥❡❧❡♥-✐✱ ❤♦❣② ❛ ❍▼▼✴❉◆◆ ♠♦❞❡❧❧ ❜❡-❛♥0-1"❛

❡❣② ❍▼▼✴●▼▼ ♠♦❞❡❧❧ ❜❡-❛♥0-1"1✈❛❧ ❦❡③❞➤❞✐❦✱ ❛♠❡❧②❡- ❛ ❢❡♥-✐ ❦$- *$"③❢❡❧❛❞❛-

♠❡❣♦❧❞1"❛ ✉-1♥ ❡❧❞♦❜✉♥❦✳ ❊③ ❛ ♠5❞"③❡* ✉❣②❛♥ ♠➯❦?❞➤❦$♣❡"✱ ❞❡ ❡❣②1❧-❛❧1♥ ♥❡♠

❣❛③❞❛"1❣♦"✱ $" ✈❛❧5"③0♥➯❧❡❣ ♥❡♠ ✐" ♦♣-✐♠1❧✐"✳

❆ ✢❛- "-❛*- -❛♥0-1" ❧$♥②❡❣❡ ❛ ♠♦❞❡❧❧❡❦ ✐-❡*❛-0✈ P❥*❛-❛♥0-1"❛ $" P❥*❛✐❧❧❡"③-$✲

"❡✱ ❛♠✐ ♠?❣?-- ❛ ❍▼▼✴●▼▼ *❡♥❞"③❡*❡❦ ❡"❡-$❜❡♥ ❥5❧ ❦✐❞♦❧❣♦③♦-- ♠❛-❡♠❛-✐❦❛✐

❤1--$* $" ❦♦♠♦❧② ❣②❛❦♦*❧❛-✐ -❛♣❛"③-❛❧❛- ✈❛♥✳ ❯❣②❛♥❡③- ♠$❧② ❤1❧5" *❡♥❞"③❡*❡❦❦❡❧

♠❡❣✈❛❧5"0-❛♥✐ ♥❡♠ ♠❛❣1-5❧ $*-❡-➤❞➤✱ ❜1* ❛③ ✉-5❜❜✐ $✈❡❦❜❡♥ -?❜❜❡♥ ♠❡❣♠✉✲

-❛--1❦✱ ❤♦❣② ♠❡❣❢❡❧❡❧➤ ♦❞❛✜❣②❡❧$""❡❧ ♥❡♠ ❧❡❤❡-❡-❧❡♥ ❬✶✱✷✱✸✱✹❪✳ ❆ ❦?*♥②❡③❡-❢6❣❣➤

♠♦❞❡❧❧❡③$" ♠$❧② ❤1❧5" ♠❡❣✈❛❧5"0-1"❛ ♠$❣ ❦❡✈$"❜$ ♠❡❣♦❧❞♦--✳ ❆ ❤✐❜*✐❞ ♠♦❞❡❧❧❡❦

❢❡❧-❛❧1❧5✐ $✈-✐③❡❞❡❦✐❣ *❛❣❛"③❦♦❞-❛❦ ❛ ❦?*♥②❡③❡-❢6❣❣❡-❧❡♥ ✭❝♦♥-❡①-✲✐♥❞❡♣❡♥❞❡♥-✱

❈■✮ ♠♦❞❡❧❧❡③$"❤❡③ ❬✺❪✱ ❛③5-❛ ❛③♦♥❜❛♥ ❦✐❞❡*6❧-✱ ❤♦❣② ❛ ❦?*♥②❡③❡-❢6❣❣➤ ♠♦❞❡❧❧❡❦

❛ ♠$❧② ♥❡✉*♦♥❤1❧5" ❍▼▼✴❉◆◆ ❤✐❜*✐❞❡❦ ♣♦♥-♦""1❣1- ✐" "③✐❣♥✐✜❦1♥" ♠$*-$❦❜❡♥

♥?✈❡❧✐❦ ❬✻✱✼❪✳ ❊❜❜➤❧ ❦✐❢♦❧②5❧❛❣ ❢♦♥-♦" ❧❡♥♥❡ ❤❛-$❦♦♥② ❛❧❣♦*✐-♠✉"♦❦❛- -❛❧1❧♥✐ ❛ ❈❉

♠♦❞❡❧❧❡❦ ❛✉-♦♠❛-✐❦✉" ❦✐❛❧❛❦0-1"1❤♦③✳ ❏❡❧❡♥❧❡❣ ♠✐♥❞❡♥❦✐ ❛ ❍▼▼✴●▼▼ *❡♥❞"③❡✲

*❡❦ ❥5❧ ❜❡✈1❧- ❞?♥-$"✐ ❢❛✲❛❧❛♣P 1❧❧❛♣♦-❦❧❛"③-❡*❡③➤ ❡❧❥1*1"1- ❤❛"③♥1❧❥❛ ❡ ❝$❧*❛ ❬✽❪✳

❊③ ❛ ♠5❞"③❡* ●❛✉""✲❡❧♦"③❧1"♦❦❛- ✐❧❧❡"③- ❛③ ❡❣②❡" 1❧❧❛♣♦-♦❦❤♦③ -❛*-♦③5 ❛❞❛-♣♦♥✲

-♦❦*❛✱ ♠❛❥❞ ❛③ ✐❧❧❡"③❦❡❞$" ♣♦♥-♦""1❣❛ ❛❧❛♣❥1♥ -❛*- ❡❣②❜❡♥ ✈❛❣② ♦"③- "③$- ❡❣②❡"

❢♦♥$♠❛✲1❧❧❛♣♦-♦❦❛- ✭❛ ❦$"➤❜❜✐ ♦"③-1❧②♦❦❛-✮✳ ❊③- ❛ ❧$♣$"- ✐-❡*❛-0✈❛♥ ✐"♠$-❡❧❣❡-✲

✈❡ ❛③ ❡❧❥1*1" ❡❣② ❢❛✲❥❡❧❧❡❣➯ ❤✐❡*❛*❝❤✐❦✉" ❦❧❛"③-❡*❡③$"- ❡*❡❞♠$♥②❡③✳ ❆ ♠5❞"③❡*

●❛✉""✲❛❧❛♣P ♠♦❞❡❧❧❡③$" ❡"❡-$♥ *❡♠❡❦6❧ ❜❡✈1❧-✱ ❛③♦♥❜❛♥ ❡*➤"❡♥ ❦$-"$❣❡"✱ ❤♦❣②

❛ ●❛✉""✲❣?*❜$❦ ✐❧❧❡"③❦❡❞$"❡ ♠❡♥♥②✐*❡ ❥5 ❦*✐-$*✐✉♠✱ ❛♠✐❦♦* ❛ ✈$❣"➤ ♠♦❞❡❧❧ ❡❣②

-❡❧❥❡"❡♥ ♠1" *❡♣*❡③❡♥-1❝✐5✱ ♣$❧❞1✉❧ ❡❣② ♥❡✉*♦♥❤1❧5 ❧❡"③✳

❚♦✈1❜❜✐ ♣*♦❜❧$♠❛✱ ❤♦❣② ❛ ●▼▼✲ $" ❛ ❉◆◆✲❛❧❛♣P *❡♥❞"③❡*❡❦ ❡"❡-$♥ ❛③ ✐♥✲

♣✉- *❡♣*❡③❡♥-1❧1"✐ ♠5❞❥❛ ✐" ❥❡❧❡♥-➤"❡♥ ❡❧-$*❤❡-✳ ❍▼▼✴●▼▼ *❡♥❞"③❡*❡❦ ❡"❡-$❜❡♥

❥5❧ ❜❡✈1❧- ❛③ P♥✳ ♠❡❧✲❢*❡❦✈❡♥❝✐1" ❦❡♣"③-*1❧✐" ❡❣②6--❤❛-5❦ ✭♠❡❧✲❢*❡`✉❡♥❝② ❝❡♣"-*❛❧

❝♦❡✣❝✐❡♥-✱ ▼❋❈❈✮ ❤❛"③♥1❧❛-❛✳ c❣② -➯♥✐❦ ❛③♦♥❜❛♥✱ ❤♦❣② ❛ ❍▼▼✴❉◆◆ *❡♥❞✲

"③❡*❡❦ ♥$♠✐❧❡❣ ❥♦❜❜❛♥ ♠➯❦?❞♥❡❦ ♦❧②❛♥ ♣*✐♠✐-0✈❡❜❜ ❥❡❧❧❡♠③➤❦❦❡❧✱ ♠✐♥- ♣$❧❞1✉❧

❛ ♠❡❧✲❢*❡❦✈❡♥❝✐❛"1✈♦❦ ❡♥❡*❣✐1✐ ❬✾❪✳ ❆ ❍▼▼✴●▼▼ ♠♦❞❡❧❧❡❦❡- ❛③♦♥❜❛♥ ❡③❡❦❡♥ ❛

❥❡❧❧❡♠③➤❦?♥ ♥❡♠ ❧❡❤❡- ❥5❧ ❜❡-❛♥0-❛♥✐✳ ❆ ❥❡❧❡♥❧❡❣✐ ♠5❞"③❡* "③❡*✐♥- -❡❤1- ❛③ ▼❋❈❈

❥❡❧❧❡♠③➤❦❡- ✐" ♣✉"③-1♥ ❛③ 1❧❧❛♣♦-❦❧❛"③-❡*❡③➤ ❡❧❥1*1" ❦❡❞✈$$*- ❣❡♥❡*1❧❥✉❦ ❧❡✱ ♠❛❥❞

✉-1♥❛ ❡❧❞♦❜❥✉❦✳ ❊♥♥$❧ ♥②✐❧✈1♥ ❧$-❡③♥✐❡ ❦❡❧❧ ❥♦❜❜ ♠❡❣♦❧❞1"♥❛❦ ✐"✳

❆③ ✉-5❜❜✐ ♥$❤1♥② $✈❜❡♥ -?❜❜ "③❡*③➤ ✐" ♠❡❣♣*5❜1❧❦♦③♦-- ❛ *$❣✐ ❦❧❛"③-❡*❡③➤

❡❧❥1*1" ❉◆◆✲❡❦❤❡③ ✈❛❧5 ✐❣❛③0-1"1✈❛❧✳ ❆ ❥❡❧❧❡♠③➤❦$"③❧❡-❡❦ ❡❧-$*$"$❜➤❧ ❡*❡❞➤ ♣*♦❜✲

❧$♠❛ ❡❧❦❡*6❧$"$*❡ ❛③- ❛ ♠❡❣♦❧❞1"- ❥❛✈❛"♦❧-1❦✱ ❤♦❣② ❛ ❦❧❛"③-❡*❡③$"- ❛ ❉◆◆ ❦✐♠❡✲

♥❡-$♥ ❢✉--❛""✉❦ ❧❡✱ ♥❡ ♣❡❞✐❣ ❛ ❜❡♠❡♥➤ ❥❡❧❧❡♠③➤❦?♥✳ ❊③③❡❧ ❛③ ❡❣②"③❡*➯ ♠5❞"③❡**❡❧

-?❜❜❡♥ ✐" ♣*5❜1❧❦♦③-❛❦ ❬✶✱✷✱✶✵✱✶✶❪✳ ❇1* ❡③ ❛ ❤✉"③1*✈1❣1" ❦✐❦❡*6❧✐ ❛③ ❡❧-$*➤ ❥❡❧✲

❧❡♠③➤❦$"③❧❡-❡❦ ♣*♦❜❧$♠1❥1-✱ ❛ ❦❧❛"③-❡*❡③➤ ❡❧❥1*1" ✉❣②❛♥❛③ ♠❛*❛❞✱ 0❣② ❛ ●❛✉""✲♦"

❡❧♦"③❧1"✐ ❢❡❧-❡✈$"-➤❧ -♦✈1❜❜*❛ "❡♠ "③❛❜❛❞✉❧-✉♥❦ ♠❡❣✳



Szeged, 2018. január 18–19. 173  

 

▼!" "③❡%③➤❦ ❛ ❦❧❛"③*❡%❡③➤ ❡❧❥!%!" ❞-♥*/"✐ ❦%✐*/%✐✉♠!* ✐" ♠3❞♦"5*❥!❦ ♦❧② ♠3✲

❞♦♥✱ ❤♦❣② ❛③ ❥♦❜❜❛♥ ✐❧❧❡"③❦❡❞❥❡♥ ❛ ♥❡✉%♦♥❤!❧3" ❡❧♦"③❧!"✲♠♦❞❡❧❧❡③/"❤❡③✳ ▼✐✈❡❧ ❛

♥❡✉%♦♥❤!❧3 ❦✐♠❡♥❡*❡ ❡❣② ❞✐"③❦%/* ✈❛❧3"③5♥➯"/❣✐ ❡❧♦"③❧!" ❦-③❡❧5*/"❡❦/♥* /%*❡❧♠❡③✲

❤❡*➤✱ ●♦"③*♦❧②❛ /" *"❛✐ ❡❣② ❦♦%!❜❜✐ ❝✐❦❦A❦❜❡♥ ❞-♥*/"✐ ❦%✐*/%✐✉♠❦/♥* ❛ ❑✉❧❧❜❛❝❦✲

▲❡✐❜❧❡% ❞✐✈❡%❣❡♥❝✐❛ ❤❛"③♥!❧❛*!* ❥❛✈❛"♦❧*!❦ ❬✶✷❪✳ ▼3❞"③❡%A❦ ❛❧❛♣-*❧❡*/* ■♠"❡♥❣

/" *"❛✐ ❛❧❣♦%✐*♠✉"❛ ❛❞*❛✱ ❛♠❡❧②❡* ❡%❡❞❡*✐❧❡❣ ❛③ J♥✳ ❑▲✲❍▼▼ ♠♦❞❡❧❧❡❦ ❜❡*❛✲

♥5*!"!❤♦③ *❛❧!❧*❛❦ ❦✐ ❬✶✸❪✳ ❩❤✉ /" *"❛✐ ❡❣② ❡♥*%3♣✐❛✲❛❧❛♣J ❢❛/♣5*➤ ❦%✐*/%✐✉♠♦*

❥❛✈❛"♦❧*❛❦ ❬✶✹❪✳ ❱/❣❡③❡*A❧✱ ❲❛♥❣ /" *"❛✐ ❡❣② "♣❡❝✐!❧✐" ❤!❧3③❛*♦♥ ❛❧❛♣✉❧3 ❦❧❛"③*❡✲

%❡③/"✐ ♠❡❣♦❧❞!""❛❧ !❧❧*❛❦ ❡❧➤✱ ❛♠❡❧② ♠/❧② ❦❛♥♦♥✐❦✉" ❦♦%%❡❧!❝✐3❡❧❡♠③/"%❡ ✭❉❡❡♣

❈❛♥♦♥✐❝❛❧ ❈♦%%❡❧❛*✐♦♥ ❆♥❛❧②"✐"✮ ✈❛♥ ♦♣*✐♠❛❧✐③!❧✈❛ ❬✶✺❪✳

❆ ❢❡♥*✐ "③❡%③➤❦ ♠✐♥❞❡❣②✐❦❡ ❛ ❢❡❧✐"♠❡%/"✐ "③3❤✐❜❛ ✭✇♦%❞ ❡%%♦% %❛*❡✱ ❲❊❘✮ ❝"-❦✲

❦❡♥/"/* *❛♣❛"③*❛❧*❛ ❛③ J❥ ❛❧❣♦%✐*♠✉"♦❦ ❛❧❦❛❧♠❛③!"!✈❛❧ ❛ ❤❛❣②♦♠!♥②♦" ●▼▼✲

❛❧❛♣J ❡❧❥!%!"❤♦③ ❦/♣❡"*✳ ❆③♦♥❜❛♥ ❡❣②✐❦ "③❡%③➤❝"♦♣♦%* "❡♠ ❤❛"♦♥❧5*♦**❛ -""③❡ ❛

❝✐❦❦/* ❛ *-❜❜✐ ❤❛"♦♥❧3 ♠3❞"③❡%%❡❧✳ ❘!❛❞!"✉❧ ♠✐♥❞❡❣②✐❦A❦ ♠!"✲♠!" ❛❞❛*❜!③✐"*

❤❛"③♥!❧*✱ ❛♠✐ ❛③ ❡❣②❡" ♠3❞"③❡%❡❦ ❡❣②♠!""❛❧ ✈❛❧3 -""③❡✈❡*/"/* *❡❧❥❡"❡♥ ❧❡❤❡*❡*✲

❧❡♥♥/ *❡"③✐✳ ❏❡❧❡♥ ❝✐❦❦❜❡♥ ♥/❣② ✐❧②❡♥ ❛❧❣♦%✐*♠✉"* ❤❛"♦♥❧5*✉♥❦ -""③❡ ✉❣②❛♥❛③♦♥

❛ ♥❛❣②"③3*!%❛" ❢❡❧✐"♠❡%/"✐ ❢❡❧❛❞❛*♦♥✱ %!❛❞!"✉❧ ✉❣②❛♥❛③ ❛ ♥❡✉%♦♥❤!❧3 ❢♦❣❥❛ "③♦❧✲

❣!❧*❛*♥✐ ❛ ❦❧❛"③*❡%❡③➤ ❛❧❣♦%✐*♠✉"♦❦ ✐♥♣✉*❥!*✳ ▼❡❣❥❡❣②❡③③A❦✱ ❤♦❣② ❛ ❦✐✐♥❞✉❧!"✐✱

❦-%♥②❡③❡*❢A❣❣❡*❧❡♥ ❝5♠❦/❦ ✐❧❧❡"③*/"/* ❛ ❦♦%!❜❜✐❛❦❜❛♥ ❥❛✈❛"♦❧* ♥❡✉%♦♥❤!❧3" ✧✢❛*✲

"*❛%*✧ ♠3❞"③❡%%❡❧ ✈/❣❡③*A❦ ❬✸❪✱ 5❣② ❡③❡♥ ❧/♣/" "♦%!♥ "❡♠ ❤❛"③♥!❧*✉♥❦ ●▼▼ ♠♦✲

❞❡❧❧❡❦❡*✳ ❊❜❜➤❧ ❦✐❢♦❧②3❧❛❣ ❛③ -""③❡❤❛"♦♥❧5*♦** %❡♥❞"③❡%❡❦ ❦-③A❧ ❛③ ❛ ❦❡**➤✱ ❛♠❡✲

❧②✐❦❜❡♥ ❛ ❞-♥*/"✐ ❦%✐*/%✐✉♠ ❉◆◆✲❡❦❤❡③ ✈❛♥ ✐❣❛③5*✈❛ ✭❛③❛③ ●♦"③*♦❧②❛ /" *"❛✐ ❬✶✷❪

✈❛❧❛♠✐♥* ❩❤✉ /" *"❛✐ ❬✶✹❪✮ *❡❧❥❡"❡♥ ✧●▼▼✲♠❡♥*❡"✧ ♠❡❣♦❧❞!"* ❛❞ ❛ *❡❧❥❡" *❛♥5*!"✐

❢♦❧②❛♠❛*%❛✳

✷✳ ❉#♥%&'✐ ❢❛✲❛❧❛♣. /❧❧❛♣♦%❦❛♣❝'♦❧/'

❆ ❞-♥*/"✐ ❢❛✲❛❧❛♣J !❧❧❛♣♦*❦❛♣❝"♦❧!"✐ ❛❧❣♦%✐*♠✉" ❨♦✉♥❣ /" *"❛✐ ♥❡✈/❤❡③ ❢➯③➤❞✐❦ ❬✽❪✱

/" ♠!%❛ ❛ ♥❛❣②"③3*!%❛" ❜❡"③/❞❢❡❧✐"♠❡%➤ %❡♥❞"③❡%❡❦ ❦/"③5*/"/♥❡❦ ❡❧❡♥❣❡❞❤❡*❡*❧❡♥

❦♦♠♣♦♥❡♥"/✈/ ✈!❧*✳ ❆ ♠3❞"③❡% ❛❧❛♣-*❧❡*❡✱ ❤♦❣② ❛③ ❛❞♦** ❜❡"③/❞❤❛♥❣ ✭♣♦♥*♦✲

"❛❜❜❛♥ ♠♦❞❡❧❧✲!❧❧❛♣♦*✮ ❦♦♥*❡①*✉"❢A❣❣➤ ✈❛%✐!♥"❛✐* -""③❡✈♦♥❥✉❦✱ ♠❛❥❞ ❛ ❤❛❧♠❛③*

❧/♣/"%➤❧ ❧/♣/"%❡ %/"③❤❛❧♠❛③♦❦%❛ ♦"③*❥✉❦✱ ❛♠✐ ❡❣② ❤✐❡%❛%❝❤✐❦✉"✱ ❢❛❦/♥* %❡♣%❡③❡♥✲

*!❧❤❛*3 ❦❧❛"③*❡%❡③/"* ❡%❡❞♠/♥②❡③✳ ❆③ ❡❣②❡" ❧/♣/"❡❦❜❡♥ ❛③ ❡❧➤%❡ ❞❡✜♥✐!❧* ❦/%❞/✲

"❡❦❦❡❧ ♠❡❣❛❞♦** ❢❡❧♦"③*!"✐ ❧❡❤❡*➤"/❣❡❦ ❦-③A❧ ❛③ ❛❧❣♦%✐*♠✉" ♠✐♥❞✐❣ ❛③* ✈!❧❛"③*❥❛✱

❛♠❡❧②%❡ ❛③ ❡❣②❜❡♥ ❤❛❣②♦**✱ ✐❧❧❡*✈❡ ❛ "③/*♦"③*♦** ❤❛❧♠❛③♦❦ ♠❛①✐♠!❧✐"❛♥ ❦A❧-♥✲

❜-③♥❡❦✳ ❊♥♥❡❦ ❛ ❦A❧-♥❜-③➤"/❣♥❡❦✱ ♣♦♥*♦"❛❜❜❛♥ ❛ ❦✐✐♥❞✉❧!"✐ S !❧❧❛♣♦*❤❛❧♠❛③
"③/*♦"③*!"❛❜3❧ "③!%♠❛③3 ♥②❡%❡"/❣♥❡❦ ❛ ♠/%/"/%❡ ❛③ ❛❧❣♦%✐*♠✉" ❡❣② ✈❛❧3"③5♥➯"/❣✐

❛❧❛♣J ❞-♥*/"✐ ❦%✐*/%✐✉♠♦* ❤❛"③♥!❧✳ ❊③ ❛ ♠3❞"③❡% ❛♥♥②✐%❛ ❜❡✈!❧*✱ ❤♦❣② ❛③ ❡❧♠J❧*

❤J"③ /✈❜❡♥ ❝"❛❦ ❛♣%3 ♠3❞♦"5*!"♦❦❛* ❥❛✈❛"♦❧*❛❦ %❛❥*❛ ✭♣/❧❞!✉❧ ❛ ❢❛/♣5*/"* ✈❡③/%❧➤✱

❢♦♥❡*✐❦❛✐ ✐"♠❡%❡*❡* ✐❣/♥②❧➤ ❦/%❞/"❡❦ ❛✉*♦♠❛*✐❦✉" ❣❡♥❡%!❧!"!* ❬✶✻❪✮✳

✷✳✶✳ ❆ ✈❛❧'(③*♥➯(-❣✐ ✭❧✐❦❡❧✐❤♦♦❞✮ ❛❧❛♣8 ❞9♥:-(✐ ❦;✐:-;✐✉♠

❚❡❣②A❦ ❢❡❧✱ ❤♦❣② ❛❞♦** !❧❧❛♣♦*♦❦ ❡❣② S ❤❛❧♠❛③❛✱ ❛♠❡❧②❡❦❡* ❦❧❛"③*❡%❡③♥✐ ✭♠❛❥❞ ❡③
❛❧❛♣❥!♥ -""③❡❦❛♣❝"♦❧♥✐✮ "③❡%❡*♥/♥❦ ❨♦✉♥❣ /" *"❛✐ ♠3❞"③❡%/✈❡❧✳ ❆ ❞-♥*/"✐ ❢❛ /♣5*/✲

"❡ "♦%!♥ ♠✐♥❞❡♥ ❝"♦♠3♣♦♥*♥!❧ ❦/* ♥❡♠ !*❢❡❞➤ %/"③❤❛❧♠❛③%❛ ♦"③*❥✉❦ ❛③ ❛❦*✉!❧✐"



174 XIV. Magyar Számítógépes Nyelvészeti Konferencia 

 

S ❤❛❧♠❛③% ❛③ ✐❧❧❡(③❦❡❞➤ ❦,-❞,(❡❦ ❛❧❛♣❥0♥✱ ❛ ❦,-❞,(-❡ ❛❞♦%% ✈0❧❛(③♥❛❦ ♠❡❣❢❡❧❡✲

❧➤❡♥✳ ❆③ ♦♣%✐♠0❧✐( (③,%♦(③%0( ♠❡❣❤❛%0-♦③0(0-❛ ❖❞❡❧❧ ❡❣② ♠❛①✐♠✉♠ ❧✐❦❡❧✐❤♦♦❞

❛❧❛♣> ❞?♥%,(✐ ❦-✐%,-✐✉♠♦% ❞❡✜♥✐0❧% ❬✶✼❪✱ ♠❛❥❞ ❡❣② ❤❛%,❦♦♥② ❛❧❣♦-✐%♠✉(% ✐( ❥❛✈❛✲

(♦❧%✱ ❛♠❡❧② ❛ ❦-✐%,-✐✉♠♦% ❛③ ❛❧0❜❜✐ ♠F❞♦♥ ❦?③❡❧G%✐✿

L(S) ≃ −
1

2

(

log[(2π)K |Σ(S)|] +K
)

∑

s∈S

N(s), ✭✶✮

❛❤♦❧ s ∈ S ❥❡❧?❧✐ ❛③ ❡❣②❡( 0❧❧❛♣♦%♦❦❛%✱ Σ(S) ❛③ S✲❜❡ ❡(➤ ❛❞❛%♦❦ (③F-0(0%✱ N(s)
♣❡❞✐❣ ❛③ s ❤❛❧♠❛③❜❛ ❡(➤ ♣,❧❞0❦ ✭❛❞❛%✈❡❦%♦-♦❦✮ (③0♠0%✳ ❆ ❢❡♥%✐ ❢♦-♠✉❧❛ ❛❧❛♣❥0♥

♠✐♥❞❡♥ ❧,♣,(❜❡♥ ❛③% ❛ q ❦,-❞,(% ❢♦❣❥✉❦ ✈0❧❛(③%❛♥✐✱ ❛♠❡❧② ♠❛①✐♠✐③0❧❥❛ ❛ ❧✐❦❡❧✐❤♦♦❞

,-%,❦ ∆L(q|S) ✈0❧%♦③0(0%✿

∆L(q|S) =
(

L(Sy(q)) + L(Sn(q))
)

− L(S), ✭✷✮

❛❤♦❧ Sy(q) ,( Sn(q) ❛ S ❤❛❧♠❛③ ❦,% -,(③❤❛❧♠❛③❛✱ ❛♠❡❧②❡❦ ❛ q ❦,-❞,( ❛❧❦❛❧♠❛✲

③0(0✈❛❧ 0❧❧♥❛❦ ❡❧➤✳ ▼❡❣❥❡❣②❡③③M❦✱ ❤♦❣② ❛ ❧✐❦❡❧✐❤♦♦❞ ,-%,❦❡❦ ♥❡♠ ❢M❣❣♥❡❦ ❞✐-❡❦%

♠F❞♦♥ ❛③ ❡❣②❡( %❛♥G%F♣,❧❞0❦%F❧✱ ❝(✉♣0♥ ❛③ ❡❣②❡( 0❧❧❛♣♦%♦❦-❛ ❡(➤ %❛♥G%F♣,❧❞0❦

(③F-0(0%F❧✱ ✈❛❧❛♠✐♥% ❛ ♣,❧❞0❦ (③0♠0%F❧✳

✸✳ ◆❡✉%♦♥❤)❧+✲❛❧❛♣/ )❧❧❛♣♦0❦❛♣❝3♦❧)3

❆ ❢❡♥% ✐(♠❡-%❡%❡%% ❦-✐%,-✐✉♠ ❛ ♣,❧❞0❦ (③F-0(0-❛ ,♣M❧✱ ❛♠✐ ●❛✉((✲❛❧❛♣> ♠♦❞❡❧✲

❧❡③,( ❡(❡%,♥ ,((③❡-➯❡♥ ❤❛♥❣③✐❦✱ ❤✐(③❡♥ ❛ ●❛✉((✲❣?-❜,❦ ❡❣②✐❦ ❢➤ ♣❛-❛♠,%❡-❡ ❛

(③F-0(✳ ❍❛ ❛③♦♥❜❛♥ ❛ ●▼▼✲❛❧❛♣> ♠♦❞❡❧❧❡❦ ❤❡❧②❡%% ♥❡✉-♦♥❤0❧F-❛ ,♣M❧➤ ♠♦❞❡❧❧❡✲

❦❡% ❦,(③G%M♥❦✱ ❛❦❦♦- ❛ ❢❡♥%✐ ❢♦-♠✉❧❛ ❤❛(③♥0❧❛%❛ ❦,-❞,(❡((, ✈0❧✐❦✳ ❊❤❤❡③ ❥?♥ ♠,❣

❛ ❥❡❧❧❡♠③➤❦,(③❧❡%❡❦ ❡(❡%❧❡❣❡( ❡❧%,-,(,❜➤❧ ❢❛❦❛❞F ❦♦-0❜❜❛♥ ✐(♠❡-%❡%❡%% ❞✐❧❡♠♠❛✳

❊ ❦,% ♣-♦❜❧,♠0-❛ %?❜❜ (③❡-③➤ ✐( ❛③% ❛ ♠❡❣♦❧❞0(% ❥❛✈❛(♦❧%❛✱ ❤♦❣② ●❛✉((✲❣?-❜,❦

✐❧❧❡(③%,(❡ ❤❡❧②❡%% %❛♥G%(✉♥❦ ❜❡ ❡❣② ♥❡✉-♦♥❤0❧F% ❛ ❦✐✐♥❞✉❧0(✐ ❦?-♥②❡③❡%❢M❣❣❡%❧❡♥

❝G♠❦,❦ ♦(③%0❧②♦③0(0-❛ ✭❡③ ❧❡❤❡% ❤❛❣②♦♠0♥②♦( ✈❛❣② ♠,❧② ❤0❧F ✐(✮✳ ❊③% ❛ ❤0❧F%

❛ %♦✈0❜❜✐❛❦❜❛♥ ✧(❡❣,❞✧ ♥❡✉-♦♥❤0❧F♥❛❦ ❢♦❣❥✉❦ ♥❡✈❡③♥✐✱ ,( -?✈✐❞❡♥ ❈■✲◆◆ ❥❡✲

❧?❧,((❡❧ ❢♦❣✉♥❦ -0 ❤✐✈❛%❦♦③♥✐✳ ❆ ❜❡%❛♥G%0(0❤♦③ (③M❦(,❣❡( ❈■ ❝G♠❦,❦ ✐❞➤❜❡❧✐ ✐❧✲

❧❡(③%,(,% ❛❦0- ❡❣② ❤❛❣②♦♠0♥②♦( ❍▼▼✴●▼▼ -❡♥❞(③❡- ❜❡%❛♥G%0(0✈❛❧✱ ❛❦0- ❛③

✉%F❜❜✐ ✐❞➤❜❡♥ ❥❛✈❛(♦❧% ❉◆◆✲❛❧❛♣> ❵✢❛%✲(%❛-%✬ %❡❝❤♥✐❦0❦ (❡❣G%(,❣,✈❡❧ ✭♣❧✳ ❬✷✱✸✱✹❪✮

✐( ❡❧✈,❣❡③❤❡%❥M❦✳ ❆ ❧,♥②❡❣ ❥❡❧❡♥ ❡(❡%❜❡♥✱ ❤♦❣② ❛③ 0❧❧❛♣♦%❦❛♣❝(♦❧0(❤♦③ (③M❦(,❣❡(

❦❧❛(③%❡-❡③,(% ♥❡♠ ❛ ❜❡♠❡♥➤ ❥❡❧❧❡♠③➤❦?♥✱ ❤❛♥❡♠ ❛ (❡❣,❞✲♥❡✉-♦♥❤0❧F ❦✐♠❡♥❡%,♥

✈,❣❡③③M❦ ❡❧✳ ■❧② ♠F❞♦♥ ❛ ❦❧❛(③%❡-❡③,( (♦-0♥ ♥❡♠ ❧❡(③ ❥❡❧❡♥%➤(,❣❡ ❛♥♥❛❦✱ ❤♦❣②

❛ (❡❣,❞✲♥❡✉-♦♥❤0❧F ♠✐❧②❡♥ ❥❡❧❧❡♠③➤❦?♥ %❛♥✉❧%✳ ❑✐ ❦❡❧❧ ❛③♦♥❜❛♥ %❛❧0❧♥✉♥❦✱ ❤♦❣②

❛ ❦❧❛(③%❡-❡③➤ ❛❧❣♦-✐%♠✉(% ♠✐❦,♥% ✐❣❛③G%(✉❦ ❛ (❡❣,❞❤0❧F ❦✐♠❡♥❡%✐ ,-%,❦❡✐❤❡③✳ ❆

%♦✈0❜❜✐❛❦❜❛♥ ❡--❡ ✐(♠❡-%❡%M♥❦ ♥,❣② ♠F❞(③❡-%✳

✸✳✶✳ ❆ $❡❣'❞✲♥❡✉,♦♥❤/❧1 ❦✐♠❡♥➤ ✈❡❦7♦,❛✐♥❛❦ ❦❧❛$③7❡,❡③'$❡

❊③ ❛ ❙❡♥✐♦- ,( %(❛✐ 0❧%❛❧ ❥❛✈❛(♦❧% ♠❡❣♦❧❞0( ❛ ❧❡❤❡%➤ ❧❡❣❡❣②(③❡-➯❜❜✳ ➂❦ ❦?③✈❡%❧❡✲

♥M❧ ❛ (❡❣,❞❤0❧F ❦✐♠❡♥❡%,♥ ❢✉%%❛%❥0❦ ❧❡ ❛ ❦❧❛(③%❡-③➤ ❛❧❣♦-✐%♠✉(%✱ ♠G❣ ♠❛❣0% ❛③
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❛ ❦❧❛)③&❡$❡③I)& ❛ )❡❣I❞❤1❧-♥❛❦ ♥❡ ❛ ❦✐♠❡♥❡&I♥✱ ❤❛♥❡♠ ❛ ❧❡❣✉&♦❧)- $❡❥&❡&& $I&❡❣I♥

✈I❣❡③③8❦ ❡❧ ❬✶✶❪✳ ▼❛❣1♥ ❛ ❦❧❛)③&❡$❡③I)✐ ❡❧❥1$1)♦♥ ♥❡♠ ✈1❧&♦③&❛&&❛❦✱ ➤❦ ✐) ❛ ❥-❧

❜❡✈1❧& ❨♦✉♥❣✲❢I❧❡ ❛❧❣♦$✐&♠✉)& ❛❧❦❛❧♠❛③&1❦✳ O❣② &❛❧1❧&1❦✱ ❤♦❣② ❦✐)❡❜❜ 1❧❧❛♣♦&)③1✲

♠♦❦ ❡)❡&I♥ ❡③ ❛ ♠❡❣♦❧❞1) ❥♦❜❜❛♥ ♠➯❦H❞H&&✱ ♠✐♥& ❛ )&❛♥❞❛$❞ ❡❧❥1$1)✱ ❤❛❜1$ ♥❛❣②

1❧❧❛♣♦&)③1♠ ❡)❡&I♥ ❡③ ♠❡❣❢♦$❞✉❧&✳ ❊③& ❛ ❦❡$❡&)③✐♥&➯ ❝/♠❦I❦ ♣♦♥&❛&❧❛♥ ✐❧❧❡)③&I)I✲

✈❡❧ ♣$-❜1❧&1❦ ♠❛❣②❛$1③♥✐✱ ❛③ ✐❧❧❡)③&I)& ✉❣②❛♥✐) ❡❣② ❤❛❣②♦♠1♥②♦) ❍▼▼✴●▼▼

$❡♥❞)③❡$❜➤❧ ✈❡&&I❦ 1&✳

✸✳✸✳ ❑✉❧❧❜❛❝❦✲▲❡✐❜❧❡& ❞✐✈❡&❣❡♥❝✐<♥ ❛❧❛♣✉❧> ❦❧❛4③)❡&❡③*4

❆③ ❡❞❞✐❣ ✐)♠❡$❡&❡&& ❦I& ♠-❞)③❡$ ❡❣②✐❦❡ )❡♠ ✈1❧&♦③&❛&&❛ ♠❡❣ ❛ ❦❧❛)③&❡$❡③I) )♦$1♥

❤❛)③♥1❧& ❞H♥&I)✐ ❦$✐&I$✐✉♠♦&✱ ❝)✉♣1♥ ❛③ ✐♥♣✉&&❛❧ ❥1&)③♦&&❛❦✳ ●♦)③&♦❧②❛ I) &)❛✐

✈✐)③♦♥& ❡❣② ❦♦$1❜❜✐ ❝✐❦❦8❦❜❡♥ ❥❛✈❛)❧❛&♦& &❡&&❡❦ ❡❣② ♥❡✉$♦♥❤1❧-✲❦✐♠❡♥❡&❡❦❤❡③

✐❣❛③/&♦&& ❞H♥&I)✐ ❦$✐&I$✐✉♠$❛ ❬✶✷❪✱ ♠❡❧②♥❡❦ ❛❧❛♣H&❧❡&I& ■♠)❡♥❣ I) &)❛✐ ❑✉❧❧❜❛❝❦✲

▲❡✐❜❧❡$ ❍▼▼✲❡❦❤❡③ ❦✐❢❡❥❧❡)③&❡&& ♠-❞)③❡$❡ ❛❞&❛ ❬✶✸❪✳ ❊③ ❛ ♠-❞)③❡$ &❡❧❥❡)❡♥ ●▼▼✲

♠❡♥&❡)✱ ❛❤♦❣② ❛③ ❛❧1❜❜✐❛❦❜❛♥ $H✈✐❞❡♥ H))③❡❢♦❣❧❛❧❥✉❦✱ ❬✶✷❪✱ ❬✶✽❪ I) ❬✶✾❪ ❛❧❛♣❥1♥✳

❆ ♥❡✉$♦♥❤1❧-❦ ❦✐♠❡♥❡&❡ ❡❣② ❞✐)③❦$I& ✈❛❧-)③/♥➯)I❣✐ ❡❧♦)③❧1)❦I♥& I$&❡❧♠❡③❤❡&➤✳

■❧②❡♥ ❡❧♦)③❧1)♦❦ H))③❡❤❛)♦♥❧/&1)1$❛ ❤❛)③♥1❧❤❛&❥✉❦ ❛ ❑✉❧❧❜❛❝❦✲▲❡✐❜❧❡$ ❞✐✈❡$❣❡♥❝✐✲

1&✱ ❛♠❡❧② ❡❣② zt I) ❡❣② ys ✈❡❦&♦$ ❢H❧H&& /❣② ❞❡✜♥✐1❧❤❛&-✿

DKL(ys||zt) =
K
∑

k=1

ys(k) log
ys(k)

zt(k)
, ✭✸✮

❛❤♦❧ k ∈ {1, . . . ,K} ❛ ✈❡❦&♦$ ❞✐♠❡♥③✐-❥❛ ❬✷✵❪✳ ❊③ ❛❧❛♣❥1♥ ❛ ❧✐❦❡❧✐❤♦♦❞ I$&I❦

♠❛①✐♠❛❧✐③1❧1)❛ ❤❡❧②❡&& ❛ ❑▲✲❞✐✈❡$❣❡♥❝✐❛ ♠✐♥✐♠❛❧✐③1❧1)1$❛ ❢♦❣✉♥❦ &H$❡❦❡❞♥✐✿

DKL(S) =
∑

s∈S

∑

f∈F (s)

K
∑

k=1

yS(k) log
yS(k)

zf (k)
, ✭✹✮

❛❤♦❧ S ❛③ s 1❧❧❛♣♦&♦❦ ❡❣② ❤❛❧♠❛③❛✱ F (s) ♣❡❞✐❣ ❛③ ❛❞♦&& 1❧❧❛♣♦&❤♦③ &❛$&♦③- &❛♥/✲

&-♣I❧❞1❦✳ ❆③ S✲❤❡③ &❛$&♦③- ♣I❧❞1❦❛& $❡♣$❡③❡♥&1❧- ✈❡❦&♦$ ✭❛③❛③ yS✮ J❣② ❦❛♣❤❛&-

♠❡❣✱ ♠✐♥& ❛③ S✲❜❡ ❡)➤ ♣I❧❞1❦ ♠I$&❛♥✐ ❦H③❡♣❡✱ ❜1$ ■♠)❡♥❣ ❡$❡❞❡&✐ ❝✐❦❦I❜❡♥ ♠❡❣✲

❡♠❧/&✐✱ ❤♦❣② ❛ )③1♠&❛♥✐ ❦H③I♣ ✐) ❛❧❦❛❧♠❛③❤❛&- ❡ ❝I❧$❛ ❬✷✶❪✳ ❑✐❜♦♥&1) I) ❡❣②)③❡✲

$➯)/&I) ✉&1♥ ❛③& ❦❛♣❥✉❦✱ ❤♦❣②

DKL(S) = −
∑

s∈S

N(s) log
K
∑

k=1

yS(k), ✭✺✮
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✈❛❣②✐% ❛③ '❧❧❛♣♦+♦❦ ❡❣② S ❤❛❧♠❛③'♥❛❦ ❑▲✲❞✐✈❡5❣❡♥❝✐'❥❛ ❛③ ❡❣②❡% '❧❧❛♣♦+♦❦❤♦③

+❛5+♦③8 ys 9% N(s) %+❛+✐%③+✐❦❛✐ 95+9❦❡❦❜➤❧ ❦❛♣❤❛+8 ♠❡❣ ❬✶✽❪✳ ❆ S '❧❧❛♣♦+❤❛❧♠❛③

%③9+♦%③+'%❛❦♦5 ♠❛❣'+8❧ 95+❡+➤❞➤❡♥ ❛③+ ❛ ❦95❞9%+ 95❞❡♠❡% ✈'❧❛%③+❛♥✐✱ ❛♠❡❧②5❡ ❛

❑▲✲❞✐✈❡5❣❡♥❝✐❛ ∆DKL(q|S) ✈'❧+♦③'%❛ ♠❛①✐♠'❧✐%✿

∆DKL(q|S) = DKL(S)−
(

DKL(Sy(q)) +DKL(Sn(q))
)

. ✭✻✮

✸✳✹✳ ❊♥%&'♣✐*♥ ❛❧❛♣✉❧' *❧❧❛♣♦%❦❧❛0③%❡&❡③30

❩❤✉ 9% +%❛✐ ❡❣② ♥❡❣②❡❞✐❦ ♠❡❣♦❧❞'%✐ ❧❡❤❡+➤%9❣❡+ ❥❛✈❛%♦❧+❛❦ ❬✶✹❪✳ ❊③ %③✐♥+9♥ ❛③

❖❞❡❧❧✲❢9❧❡ ❦5✐+95✐✉♠ ✭❊N✳ ✭✶✮✮ ❡❣② ●❛✉%%✲❣P5❜9❦ ✐❧❧❡%③❦❡❞9%9+➤❧ ❢Q❣❣❡+❧❡♥ ❢♦5♠✉✲

❧'✈❛❧ ✈❛❧8 ❤❡❧②❡++❡%R+9%9♥ ❛❧❛♣%③✐❦✱ ❦♦♥❦59+❛♥ ❛③ P%%③❡✈♦♥+ ❦❧❛%③+❡5❡❦❜❡ +❛5+♦③8

♣9❧❞'❦ ❤❛%♦♥❧8%'❣'+ ❛③ ❡♥+58♣✐'❥✉❦ ❛❧❛♣❥'♥ ❢♦5♠❛❧✐③'❧❥❛✳ ❆ ♣9❧❞❛✈❡❦+♦5♦❦ ❛❧❛♣✲

❥'♥ ❡❣② K✲❞✐♠❡♥③✐8% ❡❧♦%③❧'% ❡♥+58♣✐'❥❛ ❛③ ❛❧'❜❜✐ ♠8❞♦♥ ❜❡❝%Q❧❤❡+➤✿

H(p) =
K
∑

i=1

p(i) log p(i). ✭✼✮

❆ ❦✐✐♥❞✉❧8 '❧❧❛♣♦+♦❦❛+ ❧❡R58 ❡❧♦%③❧'%♦❦ ✭❛③❛③ ❛③ ys ✈❡❦+♦5♦❦✮ ❜❡❝%❧9%95❡ ♣❡❞✐❣

❛③ ❛❞♦++ '❧❧❛♣♦+♦❦❤♦③ +❛5+♦③8 ♥❡✉5♦♥❤'❧8✲❦✐♠❡♥❡+❡❦ '+❧❛❣'+ ❢♦❣❥✉❦ ❤❛%③♥'❧♥✐✳

❚♦✈'❜❜♠❡♥✈❡✱ '❧❧❛♣♦+♦❦ ❡❣② S ❤❛❧♠❛③❛ ❡%❡+9♥ ❛ ♣5♦+♦+R♣✉% ✈❛❧8%③R♥➯%9❣✐ ✈❡❦+♦5+

✭yS✮ ❛ ❤❛❧♠❛③❜❛ ❡%➤ '❧❧❛♣♦+♦❦ ys ✈❡❦+♦5❛✐♥❛❦ %V❧②♦③♦++ '+❧❛❣❛❦9♥+ '❧❧R+❥✉❦ ❡❧➤✱

❛❤♦❧ ❛ %V❧②♦③'% ❛ N(s) ♣9❧❞❛%③'♠♦❦ ❛❧❛♣❥'♥ +P5+9♥✐❦✳ ▼❛❣❛ ❛ ❞P♥+9%✐ ❦5✐+95✐✉♠

♣❡❞✐❣ ❛③ ❡♥+58♣✐❛❢Q❣❣✈9♥② ❛❧❛♣❥'♥ ❢♦5♠❛❧✐③'❧❤❛+8 ❛③ ❛❧'❜❜✐ ♠8❞♦♥✿

DE(S) = −
K
∑

k=1

N(S)yS(k) log yS(k). ✭✽✮

✹✳ ❉◆◆ ❋❧❛' ❙'❛)'

❆③ '❧❧❛♣♦+❦❧❛%③+❡5❡③9% ❡❧➤++ ❡❧ ❦❡❧❧ ✈9❣❡③♥Q♥❦ ❛ ❈■ ❝R♠❦9❦ ✐❞➤❜❡❧✐ ✐❧❧❡%③+9%9+✱

♠❛❥❞ ❛ ❝R♠❦9❦ ♦%③+'❧②♦③'%'5❛ ❜❡ ❦❡❧❧ +❛♥R+❛♥✉♥❦ ❛ %❡❣9❞✲♥❡✉5♦♥❤'❧8+✳ ❆③ ✐❧❧❡%③✲

+9%+ ❡❧✈9❣❡③❤❡+❥Q❦ ❤❛❣②♦♠'♥②♦% ♠8❞♦♥✱ ❡❣② ❍▼▼✴●▼▼ 5❡♥❞%③❡5 ❜❡+❛♥R+'%'✈❛❧

✐%✳ ❇❛❝❝❤✐❛♥✐ ❛♥❞ ❘②❜❛❝❤ ❛③♦♥❜❛♥ ❛55❛ ✜❣②❡❧♠❡③+❡+♥❡❦✱ ❤♦❣② ❛ ❦❛♣♦++ ✐❧❧❡%③+9%

♥❡♠ ❢❡❧+9+❧❡♥Q❧ ❧❡%③ ♦♣+✐♠'❧✐% ❛ ❉◆◆ +❛♥R+'%❛ ❝9❧❥'5❛ ❬✶✶❪✳ ❊❜❜➤❧ ❦✐❢♦❧②8❧❛❣ ♠✐

❡❣② ❡❧❡❣'♥%❛❜❜ ♠❡❣♦❧❞'%+ ✈'❧❛%③+♦++✉♥❦✱ ❛♠❡❧② ♥❡♠ ✐❣9♥②❧✐ ●▼▼✲❛❧❛♣V ♠♦✲

❞❡❧❧❡❦ ❜❡+❛♥R+'%'+✳ ❆ ❈■✲◆◆ ♥❡✉5♦♥❤'❧8♥❦❛+ ❵✢❛+ %+❛5+✬ ♠8❞♦♥ +❛♥R+♦++✉❦ ❜❡ ❛

▼❛①✐♠✉♠ ▼✉+✉❛❧ ■♥❢♦5♠❛+✐♦♥ ✭▼▼■✮ +❛♥R+'%✐ ❦5✐+95✐✉♠ %❡❣R+%9❣9✈❡❧✱ ●♦%③+♦✲

❧②❛ 9% +%❛✐ ❦♦5'❜❜✐ ❝✐❦❦9+ ❦P✈❡+✈❡ ❬✸❪✳ ❆ ❤❛+9❦♦♥②%'❣ ♥P✈❡❧9%95❡ ❛ +5❛❞✐❝✐♦♥'❧✐%

▼▼■ +❛♥R+'%✐ ❡❧❥'5'%♦♥ ❛③ ❛❧'❜❜✐ ♠8❞♦%R+'%♦❦❛+ ✈9❣❡③+Q❦✳ ❊❧%➤❦9♥+✱ ❛ +❛♥R+'%✐

❝9❧✈❡❦+♦5♦❦❛+ ❛ ❍▼▼✲❡❦ ❢♦5✇❛5❞✲❜❛❝❦✇❛5❞ ❛❧❣♦5✐+♠✉%'✈❛❧ '❧❧R+♦++✉❦ ❡❧➤✳ ▼'✲
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❏❡❧❡♥ ❝✐❦❦❜❡♥ ♥4❣②✱ ❦75♥②❡③❡&❢:❣❣➤ ,❧❧❛♣♦❦4+③❧❡& ❦✐❛❧❛❦2&,+,5❛ +③♦❧❣,❧1 ❦❧❛+③&❡✲

5❡③➤ ♠1❞+③❡5 &❡❧❥❡+2&♠4♥②4& ❤❛+♦♥❧2&♦&&✉❦ 7++③❡ ♠4❧② ♥❡✉5♦♥❤,❧1+ ❦75♥②❡③❡&❜❡♥✳

❆ ♥4❣② ❛❧❣♦5✐&♠✉+ ♠✐♥❞❡❣②✐❦❡ ❡❣② +❡❣4❞✲♥❡✉5♦♥❤,❧1 ❦✐♠❡♥❡&4♥ ✭✐❧❧❡&✈❡ 5❡❥&❡&&

54&❡❣4♥❡❦ ❦✐♠❡♥❡&4♥✮ ✈4❣❡③&❡ ❛ ❦❧❛+③&❡5❡③4+&✳ ❑2+45❧❡&❡✐♥❦ ❛③♦♥❜❛♥ ❛③& ♠✉&❛&✲

&,❦✱ ❤♦❣② ❛ ❦❧❛+③&❡5❡③4+ ❜❡♠❡♥➤ ❥❡❧❧❡♠③➤✐ ♠❡❧❧❡&& 45❞❡♠❡+ ❛③ ❛❧❣♦5✐&♠✉+ ❞7♥&4+✐

❦5✐&45✐✉♠,& ✐+ ❛ ♥❡✉5♦♥❤,❧1 ❤❛+③♥,❧❛&,❤♦③ ✐❣❛③2&❛♥✐✱ ❛ ♠1❞♦+2&♦&& ❦5✐&45✐✉♠♠❛❧
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■❈❆❙❙=✳ ✭✷✵✶✹✮
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✸✳ ●♦J③:♦❧②❛✱ ●✳✱ ●'TJ③✱ ❚✳✱ ❚T:❤✱ ▲✳✿ ●▼▼✲❢'❡❡ ✢❛: J:❛': J❡W✉❡♥❝❡✲❞✐J❝'✐♠✐♥❛:✐✈❡

❉◆◆ :'❛✐♥✐♥❣✳ ■♥✿ ■♥:❡'J♣❡❡❝❤✱ ❙❛♥ ❋'❛♥❝✐J❝♦✱ ❯❙❆ ✭✷✵✶✻✮ ✸✹✵✾✕✸✹✶✸

✹✳ =♦✈❡②✱ ❉✳✱ =❡❞❞✐♥:✐✱ ❱✳✱ ●❛❧✈❡③✱ ❉✳✱ ●❤❛❤'❡♠❛♥✐✱ =✳✱ ▼❛♥♦❤❛'✱ ❱✳✱ ◆❛✱ ❳✳✱ ❲❛♥❣✱

❨✳✱ ❑❤✉❞❛♥♣✉'✱ ❙✳✿ =✉'❡❧② J❡W✉❡♥❝❡✲:'❛✐♥❡❞ ♥❡✉'❛❧ ♥❡:✇♦'❦J ❢♦' ❆❙❘ ❜❛J❡❞ ♦♥

❧❛::✐❝❡✲❢'❡❡ ▼▼■✳ ■♥✿ ■♥:❡'J♣❡❡❝❤✱ ❙❛♥ ❋'❛♥❝✐J❝♦✱ ❯❙❆ ✭✷✵✶✻✮ ✷✼✺✶✕✷✼✺✺

✺✳ ❇♦✉'❧❛'❞✱ ❍✳✱ ▼♦'❣❛♥✱ ◆✳✿ ❈♦♥♥❡❝:✐♦♥✐J: ❙♣❡❡❝❤ ❘❡❝♦❣♥✐:✐♦♥ ✕ ❆ ❍②❜'✐❞ ❆♣♣'♦❛❝❤✳

❑❧✉✇❡' ❆❝❛❞❡♠✐❝ ✭✶✾✾✹✮

✻✳ ❨✉✱ ❉✳✱ ❉❡♥❣✱ ▲✳✱ ❉❛❤❧✱ ●✳✿ ❘♦❧❡J ♦❢ ♣'❡:'❛✐♥✐♥❣ ❛♥❞ ✜♥❡✲:✉♥✐♥❣ ✐♥ ❝♦♥:❡①:✲

❞❡♣❡♥❞❡♥: ❉◆◆✲❍▼▼J ❢♦' '❡❛❧✲✇♦'❧❞ J♣❡❡❝❤ '❡❝♦❣♥✐:✐♦♥✳ ■♥✿ ◆■=❙ ❲♦'❦J❤♦♣

♦♥ ❉❡❡♣ ▲❡❛'♥✐♥❣ ❛♥❞ ❯♥J✉♣❡'✈✐J❡❞ ❋❡❛:✉'❡ ▲❡❛'♥✐♥❣✳ ✭✷✵✶✵✮

✼✳ ❉❛❤❧✱ ●✳✱ ❨✉✱ ❉✳✱ ❉❡♥❣✱ ▲✳✱ ❆❝❡'♦✱ ❆✳✿ ❈♦♥:❡①:✲❞❡♣❡♥❞❡♥: ♣'❡✲:'❛✐♥❡❞ ❉❡❡♣ ◆❡✉'❛❧

◆❡:✇♦'❦J ❢♦' ❧❛'❣❡ ✈♦❝❛❜✉❧❛'② J♣❡❡❝❤ '❡❝♦❣♥✐:✐♦♥✳ ■❊❊❊ ❚'❛♥J✳ ❆❙▲= ✷✵✭✶✮ ✭✷✵✶✷✮

✸✵✕✹✷
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❛❝♦✉J✐:❝ ♠♦❞❡❧J ✉J✐♥❣ ❑✉❧❧❜❛❝❦✲▲❡✐❜❧❡' ❞✐✈❡'❣❡♥❝❡✲❜❛J❡❞ J:❛:❡ :②✐♥❣✳ ■♥✿ ■❈❆❙❙=✱

❇'✐J❜❛♥❡✱ ❆✉J③:'f❧✐❛ ✭✷✵✶✺✮ ✹✺✼✵✕✹✺✼✹



182 XIV. Magyar Számítógépes Nyelvészeti Konferencia 

 

✶✸✳ ❘❛③❛✈✐✱ ▼✳✱ ❘❛*✐♣✉-❛♠✱ ❘✳✱ ▼❛❣✐♠❛✐✲❉♦**✱ ▼✳✿ ❖♥ ♠♦❞❡❧✐♥❣ ❝♦♥:❡①:✲❞❡♣❡♥❞❡♥:

❝❧✉*:❡-❡❞ *:❛:❡*✿ ❈♦♠♣❛-✐♥❣ ❍▼▼✴●▼▼✱ ❤②❜-✐❞ ❍▼▼✴❆◆◆ ❛♥❞ ❑▲✲❍▼▼ ❛♣♣✲

-♦❛❝❤❡*✳ ■♥✿ ■❈❆❙❙I✳ ✭✷✵✶✹✮

✶✹✳ ❩❤✉✱ ▲✳✱ ❑✐❧❣♦✉-✱ ❑✳✱ ❙:P❦❡-✱ ❙✳✱ ❲❛✐❜❡❧✱ ❆✳✿ ●❛✉**✐❛♥ ❢-❡❡ ❝❧✉*:❡- :-❡❡ ❝♦♥*:-✉❝:✐♦♥

✉*✐♥❣ ❉❡❡♣ ◆❡✉-❛❧ ◆❡:✇♦-❦✳ ■♥✿ ■♥:❡-*♣❡❡❝❤✱ ❉-❡③❞❛✱ ◆U♠❡:♦-*③V❣ ✭✷✵✶✺✮ ✸✷✺✹✕

✸✷✺✽

✶✺✳ ❲❛♥❣✱ ❲✳✱ ❚❛♥❣✱ ❍✳✱ ▲✐✈❡*❝✉✱ ❑✳✿ ❚-✐♣❤♦♥❡ *:❛:❡✲:②✐♥❣ ✈✐❛ ❉❡❡♣ ❈❛♥♦♥✐❝❛❧ ❈♦--❡✲

❧❛:✐♦♥ ❆♥❛❧②*✐*✳ ■♥✿ ■♥:❡-*♣❡❡❝❤✱ ❙❛♥ ❋-❛♥❝✐*❝♦✱ ❯❙❆ ✭✷✵✶✻✮ ✸✹✹✹✕✸✹✹✽

✶✻✳ ❇❡✉❧❡♥✱ ❑✳✱ ◆❡②✱ ❍✳✿ ❆✉:♦♠❛:✐❝ _✉❡*:✐♦♥ ❣❡♥❡-❛:✐♦♥ ❢♦- ❞❡❝✐*✐♦♥ :-❡❡ ❜❛*❡❞ *:❛:❡

:②✐♥❣✳ ■♥✿ ■❈❆❙❙I✳ ✭✶✾✾✽✮ ✽✵✺✕✽✵✽

✶✼✳ ❖❞❡❧❧✱ ❏✳✿ ❚❤❡ ❯*❡ ♦❢ ❈♦♥:❡①: ✐♥ ▲❛-❣❡ ❱♦❝❛❜✉❧❛-② ❙♣❡❡❝❤ ❘❡❝♦❣♥✐:✐♦♥✳ I❤❉

:❤❡*✐*✱ ❯♥✐✈❡-*✐:② ♦❢ ❈❛♠❜-✐❞❣❡ ✭✶✾✾✺✮

✶✽✳ ■♠*❡♥❣✱ ❉✳✱ ❉✐♥❡*✱ ❏✳✿ ❉❡❝✐*✐♦♥ :-❡❡ ❝❧✉*:❡-✐♥❣ ❢♦- ❑▲✲❍▼▼✳ ❚❡❝❤♥✐❝❛❧ ❘❡♣♦-:

■❞✐❛♣✲❈♦♠✲✵✶✲✷✵✶✷✱ ■❞✐❛♣ ❘❡*❡❛-❝❤ ■♥*:✐:✉:❡ ✭✷✵✶✷✮

✶✾✳ ■♠*❡♥❣✱ ❉✳✱ ❉✐♥❡*✱ ❏✳✱ ▼♦:❧✐❝❡❦✱ I✳✱ ●❛-♥❡-✱ I✳✱ ❇♦✉-❧❛-❞✱ ❍✳✿ ❈♦♠♣❛-✐♥❣ ❞✐✛❡-❡♥:

❛❝♦✉*:✐❝ ♠♦❞❡❧✐♥❣ :❡❝❤♥✐_✉❡* ❢♦- ♠✉❧:✐❧✐♥❣✉❛❧ ❜♦♦*:✐♥❣✳ ■♥✿ ■♥:❡-*♣❡❡❝❤✳ ✭✷✵✶✷✮

✷✵✳ ❑✉❧❧❜❛❝❦✱ ❙✳✱ ▲❡✐❜❧❡-✱ ❘✳✿ ❖♥ ✐♥❢♦-♠❛:✐♦♥ ❛♥❞ *✉✣❝✐❡♥❝②✳ ❆♥♥✳ ▼❛:❤✳ ❙:❛:✐*:✳

✷✷✭✶✮ ✭✶✾✺✶✮ ✼✾✕✽✻

✷✶✳ ■♠*❡♥❣✱ ❉✳✿ ▼✉❧:✐❧✐♥❣✉❛❧ *♣❡❡❝❤ -❡❝♦❣♥✐:✐♦♥ ❆ ♣♦*:❡-✐♦- ❜❛*❡❞ ❛♣♣-♦❛❝❤✳ I❤❉

:❤❡*✐*✱ ➱❝♦❧❡ I♦❧②:❡❝❤♥✐_✉❡ ❋U❞U-❛❧❡ ❞❡ ▲❛✉*❛♥♥❡ ✭✷✵✶✸✮

✷✷✳ ❑✐♥❣*❜✉-②✱ ❇✳✿ ▲❛::✐❝❡✲❜❛*❡❞ ♦♣:✐♠✐③❛:✐♦♥ ♦❢ *❡_✉❡♥❝❡ ❝❧❛**✐✜❝❛:✐♦♥ ❝-✐:❡-✐❛ ❢♦-

♥❡✉-❛❧✲♥❡:✇♦-❦ ❛❝♦✉*:✐❝ ♠♦❞❡❧✐♥❣✳ ■♥✿ ■❈❆❙❙I✳ ✭✷✵✵✾✮ ✸✼✻✶✕✸✼✻✹

✷✸✳ ❱❡*❡❧h✱ ❑✳✱ ●❤♦*❤❛❧✱ ❆✳✱ ❇✉-❣❡:✱ ▲✳✱ I♦✈❡②✱ ❉✳✿ ❙❡_✉❡♥❝❡✲❞✐*❝-✐♠✐♥❛:✐✈❡ :-❛✐♥✐♥❣ ♦❢

❞❡❡♣ ♥❡✉-❛❧ ♥❡:✇♦-❦*✳ ■♥✿ ■♥:❡-*♣❡❡❝❤✳ ✭✷✵✶✸✮ ✷✸✹✺✕✷✸✹✾

✷✹✳ I❛✉❧✱ ❉✳❇✳✱ ❇❛❦❡-✱ ❏✳▼✳✿ ❚❤❡ ❞❡*✐❣♥ ❢♦- :❤❡ ❲❛❧❧ ❙:-❡❡: ❏♦✉-♥❛❧✲❜❛*❡❞ ❈❙❘ ❝♦-♣✉*✳

■♥✿ ❍▲❚✱ ❙:-♦✉❞*❜✉-❣✱ I❆✱ ❯❙❆✱ ❆**♦❝✐❛:✐♦♥ ❢♦- ❈♦♠♣✉:❛:✐♦♥❛❧ ▲✐♥❣✉✐*:✐❝* ✭✶✾✾✷✮

✸✺✼✕✸✻✷

✷✺✳ ❚i:❤✱ ▲✳✿ I❤♦♥❡ -❡❝♦❣♥✐:✐♦♥ ✇✐:❤ ❞❡❡♣ *♣❛-*❡ -❡❝:✐✜❡- ♥❡✉-❛❧ ♥❡:✇♦-❦*✳ ■♥✿ ■❈❆❙❙I✳

✭✷✵✶✸✮ ✻✾✽✺✕✻✾✽✾

✷✻✳ ❨♦✉♥❣✱ ❙✳✱ ❊✈❡-♠❛♥♥✱ ●✳✱ ●❛❧❡*✱ ▼✳❏✳❋✳✱ ❍❛✐♥✱ ❚✳✱ ❑❡-*❤❛✇✱ ❉✳✱ ▼♦♦-❡✱ ●✳✱ ❖❞❡❧❧✱

❏✳✱ ❖❧❧❛*♦♥✱ ❉✳✱ I♦✈❡②✱ ❉✳✱ ❱❛❧:❝❤❡✈✱ ❱✳✱ ❲♦♦❞❧❛♥❞✱ I✳✿ ❚❤❡ ❍❚❑ ❇♦♦❦✳ ❈❛♠❜-✐❞❣❡

❯♥✐✈❡-*✐:② ❊♥❣✐♥❡❡-✐♥❣ ❉❡♣❛-:♠❡♥:✱ ❈❛♠❜-✐❞❣❡✱ ❯❑ ✭✷✵✵✻✮

✷✼✳ ●-i*③✱ ❚✳✱ ●♦*③:♦❧②❛✱ ●✳✱ ❚i:❤✱ ▲✳✿ ▼U❧② ♥❡✉-♦♥❤V❧i* ❜❡*③U❞❢❡❧✐*♠❡-➤❦ ●▼▼✲

♠❡♥:❡* :❛♥m:V*❛✳ ■♥✿ ▼❙❩◆❨✱ ❙③❡❣❡❞ ✭✷✵✶✼✮ ✶✼✵✕✶✽✵


