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ୈ1ষ

ং࿦

1.1 ց຋༁ػ
จʣΛೖྗͱͯ͜͠ΕΛҟͳΔޠݴݪͰॻ͔Εͨจʢޠݴց຋༁͸ɼ͋Δػ

΍஍ҬͷࠃΛѻ͏ޠݴΔٕज़Ͱ͋ΓɼҟͳΔ͢׵จʣʹมޠݴͷจʢ໨తޠݴ
ਓʑͱͷίϛϡχέʔγϣϯ΍ҟͳΔޠݴͰॻ͔Εͨ৘ใͷཧղͳͲͷޮ཰Խ
ͷͨΊͷॏཁͳٕज़ͱͯ͠஫໨͞Ε͍ͯΔɽۙ೥͸ɼਂ૚ֶशΛ༻͍ͨχϡʔ
ϥϧػց຋༁ʹΑΓچདྷͷ౷ܭతػց຋༁ͱൺֱͯ͠຋༁ਫ਼౓͕ඈ༂తʹ্޲
͠ɼ੝Μʹߦ͕ڀݚΘΕ͍ͯΔɽ
χϡʔϥϧػց຋༁͸ɼLong short-term memory (LSTM)΍Gated recurrent unit

(GRU)ͳͲͷճܕؼχϡʔϥϧωοτϫʔΫʢRecurrent neural network (RNN)ʣΛ
༻͍ͨϞσϧ (Sutskever et al. 2014; Bahdanau et al. 2015; Luong and Manning 2015)
΍ɼ஫ҙߏػʹண໨ͨ͠τϥϯεϑΥʔϚʔΛ༻͍ͨϞσϧ (Vaswani et al.
2017)ͳͲʹΑͬͯߏ੒͞Ε͍ͯΔɽͲͪΒ΋Τϯίʔμͱσίʔμͷ̎ͭͷ
αϒωοτϫʔΫΛ༻͍ͨΤϯίʔμɾσίʔμϞσϧͱݺ͹ΕΔྻܥม׵Ϟ
σϧͰ͋ΔɽΤϯίʔμ͸ɼೖྗจͷ֤τʔΫϯʢ୯ޠͳͲʹ෼ׂ͞Εͨ৘
ใʣΛೖྗͱ͠ɼೖྗจͷ৘ใΛ༗͢ΔจϕΫτϧΛதؒදݱͱͯ͠ग़ྗ͢
Δɽσίʔμ͸ɼΤϯίʔμ͕ग़ྗͨ͠จϕΫτϧΛೖྗͱ͠ɼ຋༁݁ՌΛग़
ྗ͢Δɽχϡʔϥϧػց຋༁͸ɼچདྷͷ౷ܭతػց຋༁ͱಉ༷ʹର༁σʔλʹ
ߏख๏Ͱ͋ΓɼֶशͷͨΊͷର༁σʔλͷίʔύεʢର༁ίʔύεʣͷͮ͘ج
ங͕ඞਢͰ͋Δɽֶशʹ༻͍Δର༁σʔλ͸ɼҰൠతʹ͸ଟ͚Ε͹ଟ͍΄Ͳ຋
༁ਫ਼౓͕͘ߴͳΔͨΊɼ΢ΣϒͳͲ͔Βେྔͷର༁σʔλΛࣗಈͰऩूͨ͠Γɼ
୯ޠݴσʔλΛػց຋༁ٖͯ͠ࣅతʹσʔλΛ૿΍͢σʔλ֦ுͳͲΛ༻͍ͨ
Γͯ͠ର༁ίʔύεΛߏங͢Δख๏͕͋Δɽ͔͠͠ɼࣗಈͰऩूͨ͠Γػց຋
༁Λ༻͍ͨΓͯ͠ߏஙͨ͠ର༁ίʔύεͷதʹ͸ɼޡ༁ͳͲΛؚΜͩɼ຋༁඼
࣭ͷѱ͍ର༁σʔλ͕͍ࠞͯ͠ࡏΔ͜ͱ͕͋Δɽ
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1.2 χϡʔϥϧػց຋༁ͷ՝୊
Δର༁σʔλΛͦͷ··༻͍ͯ຋༁ϞσϧΛ͍ͯ͠ࡏ༁ͳͲͷϊΠζ͕ࠞޡ

ֶश͢Δͱɼχϡʔϥϧػց຋༁ثͷ຋༁ਫ਼౓͸௿͘ͳͬͯ͠·͏ɽ͜ͷ໰୊
͸ɼ຋༁࣌ͱֶश࣌ʹ͓͚Δσʔλͷಛ௃ͷҧ͍ʹΑΔ΋ͷͰ͋Δɽ຋༁࣌͸
຋༁ݩͷೖྗσʔλͱ຋༁ઌͷग़ྗσʔλ͕៉ྷʹ຋༁͞ΕͨσʔλͰ͋Δ΂
͖ͳͷʹର͠ɼֶश࣌͸ग़ྗσʔλʹϊΠζؚ͕·Εͨσʔλͱͳ͓ͬͯΓɼ
σʔλͷಛ௃͕ҟͳ͍ͬͯΔɽ
ϊΠζΛؚ·ͳ͍៉ྷͳσʔλͰ͋ͬͨͱͯ͠΋ɼֶश࣌ͱ຋༁࣌ʹ͓͚Δ

σʔλͷಛ௃ͷҧ͍ʹΑΓ຋༁ਫ਼౓͕௿Լ͢Δ৔߹΋͋Δɽྫ͑͹ɼޠޱతͳ
දݱΛ຋༁͢Δ೔ӳػց຋༁ثͷֶशʹಛڐͷ೔ӳର༁σʔλΛ༻͍ΔͳͲɼ
຋༁࣌ͷೖྗσʔλͱͯ͠૝ఆ͍ͯ͠ͳ͍δϟϯϧͷର༁σʔλΛ༻ֶ͍ͯश
ͨ͠χϡʔϥϧػց຋༁ͷ຋༁ਫ਼౓͸্͠޲ͳ͍ (Chu and Wang 2018)ɽ·ͨɼ
ೖྗσʔλͱͯ͠จ຺৘ใ΍୯ޠͷରԠؔ܎ͳͲͷ຋༁ର৅จҎ֎ͷ֎෦৘ใ
Λ༻͍ͯػց຋༁͢Δख๏ (Bawden et al. 2018; Garg et al. 2019)ʹ͓͍ͯɼֶश
࣌ͱ຋༁࣌ͱͰ༻͍Δ֎෦৘ใͷσʔλͷಛ௃͕ҧ͏ͱ຋༁ਫ਼౓͕௿Լ͢Δͱ
ΒΕΔɽ͑ߟ
ٻʹΔͨΊʹ͸ɼ຋༁࣌࡞Λثց຋༁ػͷΑ͏ʹɼཧ૝తͳχϡʔϥϧه্

ΊΔཁ݅ʢδϟϯϧ΍຋༁඼࣭ͳͲʣΛຬֶͨͨ͠शσʔλΛେྔʹߏங͢Δ
ඞཁ͕͋Δɽ͔͠͠ɼਓख΍ػࢉܭͳͲͷֶशσʔλߏஙʹඞཁͳίετ΍ֶ
श࣌ͱ຋༁࣌ͱͷঢ়گͷҧ͍ͳͲͷཧ༝͔Βཁ݅Λຬ͍ͨͯ͠ͳֶ͍शσʔλ
ΘΕΔ͜ͱ͕ଟ͘՝୊ͱͳ͍ͬͯΔɽ࢖͕

1.3 ໨తͱख๏
ຊ࿦จͰ͸ɼ্هͷ՝୊ʹண໨͠ɼֶशσʔλͱ຋༁࣌ͷཁ݅Λຬͨͨ͠ೖ

ग़ྗσʔλͱͷؒͷಛ௃͕ҧ͏৔߹ʹ͓͚Δχϡʔϥϧػց຋༁ͷ຋༁ਫ਼౓ͷ
ͷهΛ໨తͱ͢Δɽֶशσʔλͱ຋༁࣌ͷೖग़ྗσʔλͱͷؒͷಛ௃͸Լ্޲
̐ͭͷ؍఺Ͱ෼ྨͰ͖ɼͦΕͧΕͰಛ௃ͷҧ͍͕ੜ͡Δ৔߹͕͋Δɽ

(a)ɹ຋༁ର৅ʢೖྗσʔλʣ

(b)ɹ຋༁݁Ռʢग़ྗσʔλʣ

(c)ɹ຋༁ର৅ͱ຋༁݁Ռͱͷؔ܎

(d)ɹ֎෦৘ใʢ຋༁ର৅ͱ͸ผͷೖྗσʔλʣ

(a)ͷ຋༁ର৅ͷಛ௃ͷҧ͍͸ɼχϡʔεจ΍ಛڐจॻͳͲɼ຋༁ର৅ͷೖྗ
σʔλͷޠኮɼମࡋɺ಺༰ͳͲͷҧ͍ͳͲ͕֘౰͢Δɽ(b)ͷ຋༁݁Ռͷಛ௃
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ͷҧ͍͸ɼʮฏқͳޠኮͰ຋༁͢Δʯɼʮઐ໳༻ޠͳͲ͸ݻఆ༁Λ༻͍ΔʯͳͲ຋
༁݁Ռͷग़ྗσʔλͷελΠϧͷҧ͍͕֘౰͢Δɽ(c)ͷ຋༁ର৅ͱ຋༁݁Ռ
ͱͷؔ܎ͷҧ͍͸ɼ(b)ͷ຋༁݁Ռͷಛ௃ͷҧ͍ʹ΋ؔ࿈͢Δ͕ɼʮ຋༁ର৅ͷ
σʔλΛίϯύΫτʹ຋༁͢Δʯɼʮৄࡉʹ຋༁͢ΔʯͳͲ຋༁ελΠϧͷҧ͍
͕֘౰͢Δɽ຋༁඼࣭ͷҧ͍΋ (c)ʹ֘౰͢Δɽ(d)ͷ֎෦৘ใ͸ɼʢ຋༁ର৅ɼ
຋༁݁ՌʣͷϖΞͰ͋Δର༁σʔλͱ͸ผʹ຋༁Λิॿ͢Δೖྗσʔλͷ͜ͱ
Ͱ͋Δɽ֎෦৘ใʹ͸຋༁ର৅ͷपลͷจͷ৘ใ΍຋༁࣌ʹར༻Մೳͳࣙॻ৘
ใͳͲ͑ߟΒΕɼ͜ΕΒͷ֎෦৘ใͷελΠϧͷҧ͍΍඼࣭ͷҧ͍ͳͲ͕֘౰
͢Δɽ
ຊ࿦จͰ͸ɼ্̐هछྨͷσʔλͷಛ௃ͷҧ͍ʹىҼ͢Δ຋༁ਫ਼౓ͷ௿Լͷ

໰୊Λղͨ͘ΊʹɼԼهͷ̎ͭͷχϡʔϥϧػց຋༁ͷλεΫΛର৅ʹͯ͠৽
ͨͳख๏ΛఏҊ͢Δɽ
̍ͭ໨͸ɼֶश࣌ͱ຋༁࣌ͱͷؒͷ຋༁ର৅จͷಛ௃ͷҧ͍ʹண໨ͨ͠ɼυ

ϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁ͷλεΫͰ͋Δɽ͜ͷλεΫͰ͸ɼ্
ͷه (a)ɼ(b)ɼ(c)ͷಛ௃ͷҧ͍Λѻ͏ɽχϡʔϥϧػց຋༁͸ɼ຋༁Ϟσϧͷֶ
शʹର༁σʔλΛඞཁͱ͢Δɽ͔͠͠ɼର༁σʔλͷߏஙʹ͸ίετ͕͔͔Δ
͜ͱ͔Βɼ຋༁ޡΓͳͲͷϊΠζΛؚΉσʔλʢ(c)ʹ֘౰ʣ΍຋༁ର৅ͱ͸ҧ
͏෼໺ͷσʔλʢ(a)ɼ(b)ʹ֘౰ʣͳͲɼ࣮ࡍʹ຋༁͢Δσʔλͷಛ௃ͱ͸ҧ͏
ಛ௃Λ༗͢Δର༁ίʔύεͷσʔλΛֶशσʔλͱͯ͠ར༻͢Δ͜ͱ͕ଟ͍ɽ
͜ͷΑ͏ͳυϝΠϯ∗ͷҧ͏ର༁ίʔύεΛֶࠞͯ͠ࡏश͢Δͱ຋༁ਫ਼౓͸௿
Լ͢Δ͜ͱ͕஌ΒΕ͍ͯΔɽຊ࿦จͰ͸ɼ͜ͷ໰୊Λղܾ͢ΔͨΊʹɼର༁
σʔλͷޠݴݪଆ͕༗͢Δಛ௃ɼ໨తޠݴଆ͕༗͢Δಛ௃ɼ͓Αͼޠݴݪଆͱ
໨తޠݴଆͱͷର༁ؔ܎ʹؔ͢Δಛ௃ͷ̏ͭΛ໌ࣔతʹ۠ผͯ͠຋༁ϞσϧΛ
ֶश͢ΔυϝΠϯλάΛ༻͍ͨख๏ΛఏҊ͢Δɽ
̎ͭ໨͸ɼจ຺৘ใܕྀߟχϡʔϥϧػց຋༁Λѻ͏ɽ̍ͭ໨ͷλεΫͱ

͸ҟͳΓɼֶश࣌ͱ຋༁࣌ͱͷؒͷ֎෦৘ใͷಛ௃ʢ(d)ʹ֘౰ʣͷҧ͍ʹ
ண໨͢Δɽຊ࿦จ͕ѻ͏֎෦৘ใ͸จ຺৘ใͰ͋Δɽχϡʔϥϧػց຋༁
͸ޠݴݪҰจΛೖྗͯ͠໨తޠݴ΁ͷ຋༁݁ՌΛग़ྗ͢ΔγεςϜ͕ଟ͍
͕ɼ͞Βʹ຋༁ਫ਼౓Λ্͛ΔͨΊʹ຋༁ର৅ͷपลͷจΛจ຺৘ใͱͯ͠ར
༻͢Δख๏͕͋Δ (Maruf et al. 2019; Voita et al. 2019; Agrawal et al. 2018; Bawden
et al. 2018; Kuang et al. 2018; Läubli et al. 2018; Miculicich et al. 2018; Tiedemann and
Scherrer 2017; Wang et al. 2017)ɽ͔͠͠ɼैདྷख๏Ͱ͸ɼจ຺৘ใʹޠݴݪଆͷ
पลͷจΛ༻͍Δ͜ͱͰ຋༁ਫ਼౓্͕͢޲Δ͕ɼจ຺৘ใʹ໨తޠݴଆͷपล
ͷจΛ༻͍Δͱ຋༁ਫ਼౓͕௿Լ͢Δ͜ͱ͕ใ͞ࠂΕ͍ͯΔ (Bawden et al. 2018)ɽ
ैདྷख๏͸ɼ໨తޠݴଆͷपลͷจͱֶͯ͠श࣌͸ޡ༁ͷͳ͍៉ྷͳਖ਼ղ༁
Λɼ຋༁࣌͸ػց຋༁ޡΓΛؚΉػց຋༁݁ՌΛ༻͍͍ͯΔɽຊ࿦จͰ͸ɼ໨
తޠݴଆͷपลͷจΛ༻͍Δैདྷख๏ͷ໰୊͕຋༁Ϟσϧͷֶश࣌ͱ຋༁࣌Ͱ

∗ຊ࿦จͰ͸ର༁ίʔύεʹڞ௨ͨ͠ಛ௃ΛυϝΠϯͱఆٛ͢Δɽ
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༻͍Δपลͷจͷσʔλͷಛ௃ͷҧ͍ʹ͋ΔͱԾఆ͠ɼֶश࣌ͱ຋༁࣌Ͱ༻͍
Δ໨తޠݴଆͷจͷಛ௃ͷҧ͍ʹΑΔӨڹΛ؇࿨͢ΔͨΊͷֶशσʔλ੍ํޚ
๏ΛఏҊ͢Δɽ
ຊ࿦จͰ͸ɼ্هͷ̎ͭͷχϡʔϥϧػց຋༁ͷλεΫ͕༗͢Δ໰୊ʹର͠

ͯ຋༁ਫ਼౓্͕͢޲Δ༗ޮͳख๏ΛఏҊ͠ɼ຋༁࣮ݧʹΑΓ૒ํͷख๏ͷ༗ޮ
ੑΛࣔ͢ɽ

1.4 ࿦จߏ੒
ຊ࿦จͷߏ੒͸ҎԼͷ௨ΓͰ͋Δɽୈ 1ষʢຊষʣͰ͸ɼຊ࿦จͷ֓ཁɼ໨

తɼఏҊʹ͍ͭͯड़΂ͨɽୈ 2ষͰ͸ɼχϡʔϥϧػց຋༁ͷٕज़ʹ͍ͭͯड़
΂Δɽୈ 3ষͰ͸ɼυϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁ͱจ຺৘ใྀߟ
ց຋༁ͷैདྷख๏ͷ໰୊఺Λड़΂Δɽୈػχϡʔϥϧܕ 4ষͰ͸ɼυϝΠϯλ
άΛ༻͍ͨχϡʔϥϧػց຋༁ͷ৽ͨͳख๏ΛఏҊ͢Δɽୈ 5ষͰ͸ɼจ຺৘
ใܕྀߟχϡʔϥϧػց຋༁ͷ৽ͨͳख๏ΛఏҊ͢Δɽޙ࠷ʹɼୈ 6ষͰ͸ɼ
ຊ࿦จͷ·ͱΊΛड़΂Δɽ
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ୈ2ষ

χϡʔϥϧػց຋༁

ຊষͰ͸ɼຊ࿦จͰ༻͍͍ͯΔτϥϯεϑΥʔϚʔϞσϧ (Vaswani et al. 2017)
ΛؚΊͨ̏ͭͷ୅දతͳχϡʔϥϧػց຋༁ʹ͍ͭͯ֓ཁΛઆ໌͠ɼτϥϯε
ϑΥʔϚʔϞσϧΛ༻͍ͨࡍͷχϡʔϥϧػց຋༁ͷֶशɼ຋༁࣌ͷखଓ͖Λ
આ໌͢Δɽ·ͨɼ຋༁݁ՌΛධՁ͢Δࡍʹ༻͍ΒΕΔࣗಈධՁई౓ʹ͍ͭͯઆ
໌͢Δɽ

2.1 χϡʔϥϧػց຋༁ͷ֓ཁ
χϡʔϥϧػց຋༁͸ɼτʔΫϯ௕Kͷޠݴݪͷจ x = {x1, x2, ..., xK}ΛτʔΫ

ϯ௕ Jͷ໨తޠݴͷจ y = {y1, y2, ..., yJ}ʹม͢׵Δɽ֤τʔΫϯ͸ޠݴݪଆɼ໨
తޠݴଆͷτʔΫϯͱ΋ʹޠኮ਺࣍ݩͷϕΫτϧʢϫϯϗοτʢone-hotʣϕΫ
τϧʣͰද͢ݱΔɽSeq2seqϞσϧ (Sutskever et al. 2014)ɼ஫ҙߏػ෇͖ Seq2seq
Ϟσϧ (Bahdanau et al. 2015; Luong and Manning 2015)ɼτϥϯεϑΥʔϚʔϞσ
ϧ (Vaswani et al. 2017)ͳͲͷ୅දతͳχϡʔϥϧػց຋༁͸Τϯίʔμɾσ
ίʔμϞσϧΛ༻͍͓ͯΓɼਤ 2.1ʹࣔ͢Α͏ʹɼޠݴݪͷจ͔ΒϕΫτϧΛ
ग़ྗ͢ΔΤϯίʔμͱɼΤϯίʔμ͕ग़ྗͨ͠ϕΫτϧΛೖྗͱͯ͠໨తޠݴ
ͷ຋༁݁ՌΛ̍τʔΫϯ͝ͱʹग़ྗ͢Δσίʔμͷ̎ͭͷαϒωοτϫʔΫ͔
Βߏ੒͞ΕɼΤϯίʔμͱσίʔμͷߏ੒͸ϞσϧʹΑͬͯҟͳΔɽ

2.1.1 Seq2seqϞσϧ

Seq2seqϞσϧ (Sutskever et al. 2014)͸ɼՄม௕ͷೖग़ྗΛѻ͏͜ͱ͕Ͱ͖
ΔLong short-term memory (LSTM) (Hochreiter and Schmidhuber 1997)΍Gated recur-
rent unit (GRU) (Cho et al. 2014)ͳͲͷճܕؼχϡʔϥϧωοτϫʔΫʢRecur-
rent neural netword (RNN)ʣΛ༻͍ͨϞσϧͰ͋Γɼࣗ਎͕ग़ྗͨ݁͠ՌΛ࠶౓
ࣗ਎ͷೖྗʹ༻͍Δ͜ͱͰաڈͷ৘ใͱࡏݱͷ৘ใͷ྆ํΛར༻͢Δ͜ͱ͕
ՄೳͱͳΓɼچདྷͷ౷ܭతػց຋༁Λ্ճΔ຋༁ਫ਼౓Λୡ੒ͨ͠ɽਤ 2.2ʹ
Seq2seqϞσϧͷ֓ཁਤΛࣔ͢ɽΤϯίʔμ͸ɼҎԼͷࣜʹΑΓϫϯϗοτϕΫ
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He	come	. �	�	��	�

ਤ 2.1: ΤϯίʔμɾσίʔμϞσϧͷ֓ཁਤɽ

τϧͰ֤τʔΫϯΛදͨ͠ݱೖྗจ x͔ΒӅΕϕΫτϧ c = (c1, c2, ..., cK)Λࢉܭ
͢Δɽ

ck = RNN(ck−1, Ex(xk)) (2.1.1)

RNN͸ճܕؼχϡʔϥϧωοτϫʔΫ૚ɼEx͸ޠݴݪଆͷ୯ޠຒΊࠐΈ૚Λࣔ
͢ɽσίʔμ͸ɼΤϯίʔμ͕ग़ྗͨ͠ cΛ༻͍ͯɼҎԼͷࣜʹΑΓ j൪໨ͷ຋
༁݁Ռ y jͷ֬཰෼෍ΛιϑτϚοΫεؔ਺ʢsoftmaxʣΛ༻͍ͯग़ྗ͢Δɽ

p(y j|y1; j−1, c) = so f tmax(Linear(RNN(hj−1, Ey(y j−1)))) (2.1.2)

Linear͸ઢܗม׵૚ɼh͸σίʔμͷӅΕϕΫτϧɼEy͸໨తޠݴଆͷ୯ޠຒ
ΊࠐΈ૚Λࣔ͢ɽσίʔμ͸ɼ໨తޠݴଆͷޠኮͱಉ࣍͡ݩ਺Λ࣋ͭ֬཰෼෍
Λग़ྗ͠ɼͦͷதͰ࠷΋େ͖͍஋Λ࣋ͭ࣍ݩʹରԠ͢Δ୯͕ޠબ୒͞Ε຋༁݁
ՌͱͳΔɽ
ਤ 2.2Ͱ͸ɼೖྗ୯ྻޠʢτʔΫϯྻʣͰ͋Δɼx1 :“He”ɼx2 :“come”ɼx3 :“.”

ΛͦΕͧΕΤϯίʔμʹೖྗͯ͠Τϯίʔμ͸ೖྗจ xͷจϕΫτϧͱͯ͠ c3

Λग़ྗ͢Δɽσίʔμ͸ӅΕϕΫτϧ hj−1ͱ̍ͭલʹग़ྗͨ͠τʔΫϯʢ࠷ॳ
ͷग़ྗ࣌͸ɼc3ͱจ಄Λද͢ಛघه߸τʔΫϯʢ<BOS>ʣͷϕΫτϧʣΛೖྗ
ͯ͠ӅΕϕΫτϧ hjɼग़ྗϕΫτϧ y jΛͯ͠ࢉܭ຋༁݁ՌΛ̍τʔΫϯͣͭग़
ྗ͍ͯ͠Δɽจ຤Λද͢ಛघه߸τʔΫϯʢ<EOS>ʣ͕ग़ྗ͞ΕΔͱ຋༁͕ऴ
ྃͱͳΔɽ
ਤ 2.2͔Β෼͔ΔΑ͏ʹɼճܕؼχϡʔϥϧωοτϫʔΫ͸Մม௕ͷೖग़ྗ

͕ՄೳͳωοτϫʔΫͰ͋Δ͕ɼೖྗ௕͕௕͍ͱॳظͷೖྗ৘ใʢྫ͑͹ɼ
ද 2.2ͷ x1 :“He”ʣͷফࣦͷ໰୊͕͋ΓɼLSTM΍GRU͸͜ͷ໰୊Λ؇࿨͢Δͨ
ΊʹఏҊ͞ΕͨճܕؼχϡʔϥϧωοτϫʔΫͰ͋Δɽ

2.1.2 ஫ҙߏػ෇͖Seq2seqϞσϧ

LSTM΍GRUΛ༻͍Δ͜ͱͰೖྗ௕͕௕͍৔߹ʹ຋༁ਫ਼౓͕େ͖͘௿Լ͢
Δ໰୊͸ղܾ͞Ε͕ͨɼ͜ΕΒͷϞσϧʹ͸ɼશͯͷೖग़ྗͷӅΕϕΫτϧΛ
อ࣋͠ଓ͚Δඞཁ͕͋Δͱ͍͏՝୊͕͋Δ (Cho et al. 2014)ɽอ࣋͢΂͖৘ใ͕
૿Ճ͢Ε͹͢Δ΄Ͳɼॲཧ͕ෳࡶͱͳΓ຋༁ਫ਼౓͸௿Լ͢Δɽ஫ҙߏػ෇͖
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ਤ 2.2: Seq2seqϞσϧͷ֓ཁਤɽ

Seq2seqϞσϧ (Bahdanau et al. 2015; Luong and Manning 2015)͸ɼճܕؼχϡʔ
ϥϧωοτϫʔΫ͕࣋ͭ௕จΛೖྗͨ͠ࡍʹೖྗͷ৘ใΛे෼ʹอ࣋Ͱ͖ͳ͘
ͳΔͱ͍͏໰୊Λղܾ͢ΔͨΊʹɼ஫ҙߏػΛՃ͑ͨϞσϧͰ͋Δɽ஫ҙߏػ
͸ɼσίʔμ͕຋༁݁ՌΛੜ੒͢ΔࡍʹɼΤϯίʔμͷͲͷ࣌఺ͷ৘ใΛར༻
͢Δ͔ΛॏΈʢ஫ҙॏΈʣΛ༻੍͍ͯ͢ޚΔ࢓૊ΈͰ͋Δɽ
ਤ 2.3ʹ஫ҙߏػ෇͖Seq2seqϞσϧͷ֓ཁਤΛࣔ͢ɽΤϯίʔμ͸ɼSeq2seq

Ϟσϧͱಉ༷ʹɼҎԼͷࣜʹΑΓೖྗจͷϕΫτϧ x͔ΒӅΕϕΫτϧ
c = (c1, c2, ..., cK)Λ͢ࢉܭΔɽ

ck = RNN(ck−1, Ex(xk)) (2.1.3)

RNN͸ճܕؼχϡʔϥϧωοτϫʔΫ૚ɼEx͸ޠݴݪଆͷ୯ޠຒΊࠐΈ૚Λࣔ
͢ɽσίʔμ͸ɼΤϯίʔμͷग़ྗΛ༻͍ɼҎԼͷࣜʹΑΓ j൪໨ͷ຋༁݁Ռ
y jΛग़ྗ͢Δɽ

hj = RNN(hj−1, Ey(y j−1)) (2.1.4)

f j = Attn(hj, c) (2.1.5)

ĥ j = tanh(Wf [ f j; hj]) (2.1.6)

p(y j|y1; j−1, c) = so f tmax(Linear(ĥ j)) (2.1.7)

hj͸ j൪໨ͷ໨తޠݴଆͷӅΕϕΫτϧɼEy͸໨తޠݴଆͷ୯ޠຒΊࠐΈ૚Λ
ࣔ͢ɽAttn͸஫ҙߏػͰ͋ΓɼΤϯίʔμͷӅΕϕΫτϧͷॏΈ͚ͭ࿨Λࢉܭ
͢Δɽ f j͸จ຺ϕΫτϧΛࣔ͠ɼĥ j͸σίʔμͷӅΕϕΫτϧͱจ຺ϕΫτϧ
Λ༻͍ͯ͢ࢉܭΔɽ

7



ਤ 2.3: ஫ҙߏػ෇͖ Seq2seqϞσϧͷ֓ཁਤɽ

ਤ 2.3͸ɼσίʔμ͕͢Ͱʹ y1 :ʮ൴ʯɼy2 :ʮ͸ʯɼy3 :ʮདྷΔʯɼy4 :ʮɽʯΛग़
ྗ͍ͯ͠Δঢ়ଶͰ࣍ͷ຋༁݁Ռ y5 :ʮ<EOS>ʯΛग़ྗ͢ΔਤͰ͋ΔɽΤϯίʔ
μ͕จϕΫτϧ cΛ֤ೖྗτʔΫϯͷӅΕϕΫτϧͷॏΈʢ஫ҙॏΈʣ෇͖࿨
Ͱ͓ͯ͠ࢉܭΓɼ஫ҙॏΈ͸σίʔμ͕຋༁݁ՌΛग़ྗ͢Δ͝ͱʹ͢ࢉܭ࠶Δ
ͨΊຖճมԽ͢Δɽ͜ΕʹΑΓɼ຋༁݁ՌΛग़ྗ͢ΔࡍʹඞཁͳΤϯίʔμͷ
৘ใΛબ୒తʹར༻͢Δ͜ͱ͕Ͱ͖Δɽ஫ҙߏػΛ૊ΈࠐΉ͜ͱͰɼΤϯίʔ
μͷશͯͷ৘ใΛσίʔμଆͰอ࣋͢Δඞཁ͕ͳ͘ͳΓɼΑΓଟ͘ͷඞཁͳ৘
ใΛอ࣋Ͱ͖ΔΑ͏ʹͳΓ຋༁ਫ਼౓্͕ͨ͠޲ (Bahdanau et al. 2015)ɽ

2.1.3 τϥϯεϑΥʔϚʔϞσϧ

஫ҙߏػ෇͖ Seq2seqϞσϧ͸ճܕؼχϡʔϥϧωοτϫʔΫΛ༻͍͍ͯΔ
ͨΊʹೖग़ྗڞʹஞ࣍తʹॲཧ͢Δඞཁ͕͋Γɼจ௕͕௕͍ͱॲཧ͕௕͘ͳΔ
ଞɼจ಺ͷॲཧͷฒྻԽ͕ࠔ೉Ͱ͋Δͱ͍͏՝୊͕͋Δɽ͜ͷ໰୊ʹରॲͨ͠
χϡʔϥϧػց຋༁Ϟσϧ͕ਤ 2.4ʹࣔ͢τϥϯεϑΥʔϚʔϞσϧ (Vaswani
et al. 2017)Ͱ͋ΔɽτϥϯεϑΥʔϚʔϞσϧ͸Τϯίʔμɼσίʔμͱ΋ʹճ
ΘͣɼΤϯίʔμͰ͸ೖྗͷ֤τʔΫϯΛฒ࢖χϡʔϥϧωοτϫʔΫΛܕؼ
ྻʹॲཧ͢Δ͜ͱ͕ՄೳͱͳΓɼσίʔμʹ͓͍ͯ΋ֶश࣌͸σίʔμͷ༧ଌ
݁ՌͰ͸ͳ͘ਖ਼ղτʔΫϯΛ༻͍Δ͜ͱ͕Ͱ͖ΔͨΊฒྻॲཧ͕ՄೳͱͳΔɽ
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஫ҙߏػ෇͖ Seq2seqϞσϧʹ͸ͳ͍τϥϯεϑΥʔϚʔϞσϧͷಛ௃ͷ̍ͭ
ʹɼೖग़ྗͱ΋ʹ֤τʔΫϯؒͷจ຺৘ใΛྀߟͰ͖ΔΑ͏ʹɼࣗݾ஫ҙͱݺ
͹ΕΔ஫ҙߏػΛಋೖ͍ͯ͠Δ͜ͱ͕͋Δɽ஫ҙߏػ෇͖ Seq2seqͰ༻͍ΒΕ
ͨ஫ҙߏػʢΫϩε஫ҙʣ͸σίʔμ͕ࣗ਎ͷೖྗτʔΫϯͰ͸ͳ͘Τϯίʔ
μͷτʔΫϯͷ৘ใΛબ୒తʹࢀর͢Δͷʹର͠ɼࣗݾ஫ҙ͸Τϯίʔμ͓ؒ
ΑͼσίʔμؒͷτʔΫϯؒͷ৘ใΛબ୒తʹࢀর͢Δɼͱ͍͏ҧ͍͕͋Δɽ
͢ͳΘͪɼ஫ҙߏػ෇͖ Seq2seqϞσϧ͸ࣗݾ஫ҙΛ͍࣋ͬͯͳ͍ͨΊɼྻܥ
σʔλ͕࣋ͭલޙͷจ຺৘ใ͸ճܕؼχϡʔϥϧωοτϫʔΫͷӅΕঢ়ଶͷભ
ҠͷΈʹґଘ͍ͯ͠Δͷʹର͠ɼτϥϯεϑΥʔϚʔϞσϧ͸ࣗݾ஫ҙʹΑΓ
Τϯίʔμʹ͍ͭͯ͸ೖྗશମɼσίʔμʹ͍ͭͯ͸ग़ྗࡁΈͷ৘ใΛࢀর͢
Δ͜ͱ͕ՄೳͰ͋ΔɽτϥϯεϑΥʔϚʔϞσϧ͸ɼ͜ͷΫϩε஫ҙͱࣗݾ஫
ҙΛ N૚ʹΘͨΓ܁Γฦ͠ద༻͢Δ͜ͱґଘؔ܎Λજࡏతʹར༻Մೳʹͯ͠
͍Δɽ
͜͜ͰɼτϥϯεϑΥʔϚʔϞσϧͷΤϯίʔμͷ n૚໨ͷग़ྗH(n)

enc͸ҎԼ
Ͱ͢ࢉܭΔɽ

C(n)
enc = LN(H( j−1)

enc + S el f Attn(H(n−1)
enc )), (2.1.8)

H(n)
enc = LN(C(n)

enc + FF(C(n)
enc)). (2.1.9)

LN͸ϨΠϠʔʹ͓͚Δਖ਼نԽॲཧɼS el f Attn͸ࣗݾ஫ҙɼFF͸ReLUؔ਺Λ
༻͍ͨϑΟʔυϑΥϫʔυωοτϫʔΫΛࣔ͠ɼC(0)

enc͸Τϯίʔμʹೖྗ͞Ε
Δ୯ޠϕΫτϧΛࣔ͢ɽτϥϯεϑΥʔϚʔϞσϧͷσίʔμͷ n૚໨ͷग़ྗ
S dec (n)ɼ͓Αͼ j൪໨ͷ຋༁݁Ռ y j͸ҎԼͰ͢ࢉܭΔɽ

C(n)
dec = LN(H(n−1)

dec + S el f Attn(H(n−1)
dec )), (2.1.10)

G(n)
dec = LN(C(n)

dec +CrossAttn(C(n)
dec,H

N
enc)), (2.1.11)

H(n)
dec = LN(G(n)

dec + FF(G(n)
dec)), (2.1.12)

p(y j|y1; j−1,HN
enc) = so f tmax(Linear(Hn

dec)). (2.1.13)

CrossAttn͸Ϋϩε஫ҙΛࣔ͢ɽ͞ΒʹɼτϥϯεϑΥʔϚʔϞσϧͰ༻͍Δࣗ
఺؍Λ༻͍Δ͜ͱʹΑΓෳ਺ͷߏػ஫ҙͱΫϩε஫ҙ͸ɼͱ΋ʹෳ਺ϔουݾ
ͰӅΕϕΫτϧΛॏ͢ࢹΔ͜ͱΛܾΊΔ͜ͱ͕Ͱ͖ɼେҬతͳจ຺৘ใΛѻ͏
͜ͱ͕ՄೳͱͳΔɽෳ਺ϔουߏػΛ༻͍ͨࣗݾ஫ҙ͓ΑͼΫϩε஫ҙ͸ҎԼ
Ͱ͢ࢉܭΔɽ

Attention(H) = so f tmax(QKT/
√

dk)V. (2.1.14)

Q͸ΫΤϦʔɼK͸ΩʔɼV͸όϦϡʔͰ͋ΓɼͦΕͧΕ dk࣍ݩͷ෦෼ۭؒʹࣹ
Ө͞ΕͨྻߦͰ͋Δɽdk͸τʔΫϯͷຒΊࠐΈ࣍ݩ਺ dͱϔου਺ nheadʹΑͬ
ܾͯ·Δఆ਺ (dk = d/nhead)Ͱ͋ΔɽS el f AttnͰ͸ɼ௚લͷΤϯίʔμ૚·ͨ͸
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ਤ 2.4: τϥϯεϑΥʔϚʔϞσϧͷ֓ཁਤɽ

σίʔμ૚ͷग़ྗΛॏΈύϥϝʔλWQ j ∈ Rd×dheadɼWK j ∈ Rd×dheadɼWV j ∈ Rd×dhead

Λ༻͍ͯQɼKɼVʹࣹӨ͢ΔɽCrossAttnͰ͸ɼ௚લͷσίʔμ૚ͷग़ྗΛQ
ʹɼΤϯίʔμͷ࠷ऴ૚ͷग़ྗΛ KɼVʹɼͦΕͧΕॏΈύϥϝʔλΛ༻͍ͯ
ࣹӨ͢Δɽσίʔμͷ࠷ऴ૚ͷग़ྗHN

decΛ໨తޠݴଆͷޠኮ਺࣍ݩͷϕΫτϧ
ʹઢܗม͠׵ɼιϑτϚοΫεؔ਺Λద༻ͯ֬͠཰஋ͱͯ͠ग़ྗτʔΫϯΛੜ
੒͢Δɽͳ͓ɼτϥϯεϑΥʔϚʔϞσϧ͸ɼҐஔΤϯίʔσΟϯάͱݺ͹Ε
ΔॲཧʹΑΓઈରతͳҐஔ৘ใΛ୯ޠϕΫτϧʹຒΊࠐΜͰ͍ΔɽҐஔΤϯ
ίʔσΟϯά͸ɼҎԼʹࣔ͢पؔظ਺Λ༻͍ͯҐஔ৘ใΛఆ਺Ͱදͯ͠ݱຒ
ΊࠐΉॲཧΛߦͳ͓ͬͯΓɼ૬ରతͳҐஔ৘ใΛѻ͏ճܕؼχϡʔϥϧωοτ
ϫʔΫͱ͸ҟͳΔɽ

PE(pos,2i) = sin(pos/100002i/d), (2.1.15)

PE(pos,2i+1) = cos(pos/100002i/d). (2.1.16)

pos͸୯ޠͷҐஔɼi͸ຒΊࠐΈ੒෼ͷ࣍ݩɼd͸τʔΫϯͷຒΊࠐΈ࣍ݩΛ
ࣔ͢ɽ
ਤ 2.4͸ x1 :“He”ɼx2 :“come”ɼx3 :“.”ΛͦΕͧΕΤϯίʔμʹೖྗ͠ɼσίʔ
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μ͕͢Ͱʹʮ൴ʯɼʮ͸ʯΛग़ྗͨ͠ঢ়ଶͰɼʮདྷΔʯΛग़ྗ͢Δঢ়ଶΛද͍ͯ͠
Δɽ֤τʔΫϯ͕ෳ਺ϔου஫ҙͱϑΟʔυϑΥϫʔυχϡʔϥϧωοτϫʔ
ΫʢFFʣΛ࿈݁͠ɼϨΠϠʔʹ͓͚Δਖ਼نԽॲཧΛߦͳ͍ͬͯΔɽ

2.2 ֶश
χϡʔϥϧػց຋༁ͷϞσϧͷֶश͸ɼਖ਼ղτʔΫϯͷϫϯϗοτϕΫτϧ

ͱιϑτϚοΫεؔ਺Ͱਖ਼نԽ͞Εͨग़ྗϕΫτϧͱͷަࠩΤϯτϩϐʔΛଛ
ࣦͱͯ͠ɼٯࠩޡ఻ൖ๏Λ༻͍ͯύϥϝʔλͷߋ৽ʹඞཁͳޯ഑৘ใΛࢉܭ
͠ɼύϥϝʔλͷߋ৽Λ͏ߦɽަࠩΤϯτϩϐʔΛ༻͍ͨଛࣦ Loss͸ҎԼͰܭ
Δɽ͢ࢉ

Loss = −
J∑

j=1

tj log p(yj|x, y<j) (2.2.1)

x͸ೖྗจϕΫτϧɼyj, tj͸຋༁ग़ྗจϕΫτϧɼ͓Αͼࢀর༁ͷ j൪໨ͷग़ྗ
ϕΫτϧʹରԠ͢ΔϫϯϗοτϕΫτϧͰ͋Δɽύϥϝʔλ͸ɼٯࠩޡ఻ൖ๏
ʹΑΓ͞ࢉܭΕΔଛࣦͷޯ഑৘ใΛ༻͍ɼ֬཰తޯ഑߱Լ๏ʢSGDʣ (Robbins
and Monro 1951)ɼAdagrad (Duchi et al. 2011)ɼRMSprop (Tieleman and Hinton 2012)ɼ
Adam (Kingma and Ba 2015)ͳͲͷ࠷దԽΞϧΰϦζϜʹΑΓߋ৽͞ΕΔɽຊ࿦
จͰ͸AdamΛ༻͍Δɽ

2.3 ց຋༁݁ՌͷධՁई౓ػ
ց຋༁Ϟσϧͷग़ྗͷධՁʹ͸ɼਓखʹΑΔධՁͱࣗಈධՁ͕͋Δɽਓػ

खʹΑΔධՁ͸ɼग़ྗͷ඼࣭Λ಺༰ͷ఻ୡϨϕϧ΍ྲྀெੑͳͲͷఆΊΒΕͨ
ց຋༁Ϟσϧͷ຋༁ੑೳΛػ४ʹैͬͯਓ͕ؒ൑அ͢ΔධՁํ๏Ͱ͋Δɽج
ਖ਼͘͠ධՁͰ͖Δ͜ͱ͕ظ଴͞ΕΔ൓໘ɼίετ͕͔͔ΔͨΊେن໛ʹ࣮
੒͞Εͨਖ਼ղ࡞೉Ͱ͋ΔɽҰํɼࣗಈධՁ͸ɼਓखʹΑͬͯࠔΔ͜ͱ͕͢ࢪ
༁ʢࢀর༁ʣͱػց຋༁Ϟσϧͷग़ྗͱͷྨࣅ౓ΛࣗಈͰࢉग़͢ΔධՁํ๏
Ͱ͋ΓɼBiLingual Evaluation Understudy (BLEU) (Papineni et al. 2002)ɼRank-based
Intuitive Bilingual Evaluation Score (RIBES) (Isozaki et al. 2010)ɼMetric for Evaluation
of Translation with Explicit ORdering (METEOR) (Denkowski and Lavie 2014)ͳͲ͕
͋Δɽຊ࿦จͰ͸ɼࣗಈධՁई౓ͷதͰɼಛʹඪ४తͳධՁई౓ͱͯ͘͠޿༻
͍ΒΕ͍ͯΔBLEUΛ༻͍ͯධՁ͢Δɽ

11



BLEU͸ n-gramਫ਼౓ʹͮ͘جධՁई౓Ͱ͋ΓɼҎԼͷࣜͰ͢ࢉܭΔɽ

BLEU = BPBLEU · exp(
N∑

n=1

1
N

log pn) (2.3.1)

pn =

∑
iग़ྗจ iͱࢀর༁ iͰҰகͨ͠ n-gram਺

∑
iग़ྗจ iதͷશ n-gram਺

(2.3.2)

pn͸ධՁର৅શମʹ͍ͭͯɼग़ྗจͱࢀর༁ͱΛൺֱ͠ɼn-gramͷҰக཰Λ
ग़͢ΔɽN͸௨ৗࢉ 4͕༻͍ΒΕɼͦͷ৔߹ͷBLEUείΞΛBLEU-4ͱݺͿɽ
n = 1ͷ৔߹ʢ1-gramʣ͸୯ޠ༁ͷਖ਼͠͞Λද͢ࢦඪɼ࣍ߴͷ n-gram͸຋༁ͷྲྀ
ெ͞Λද͢ࢦඪͱͳ͓ͬͯΓɼBLEUείΞ͸྆ऀΛ૊Έ߹Θͤͨࢦඪͱ͍͑
ΔɽBPBLEU (brevity penalty)͸ɼग़ྗจ͕ࢀর༁ΑΓ΋௕͍৔߹͸ BP = 1Λ༩
͑ɼग़ྗจ͕ࢀর༁ΑΓ΋୹͍৔߹ʹ͸ BP < 1Λ༩͑ΔϖφϧςΟ߲Ͱ͋Γɼ
ҎԼͷࣜͰ͢ࢉܭΔɽ

BPBLEU =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

1 (c ≥ 1)

exp(1 − r/c) (c < r)
(2.3.3)

c͸ग़ྗ௕ɼr͸ࢀর༁௕Λද͢ɽ
BLEUείΞ͸ 0͔Β 1ͷ࣮਺Ͱද͞ΕɼείΞ͕͍ߴ΄Ͳ຋༁ਫ਼౓͕͍ߴ

ͱ൑அ͞ΕΔɽ
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ୈ3ষ

ؔ࿈ڀݚ

ຊ࿦จͰ͸ɼ1.3અͰࣔͨ͠Α͏ʹχϡʔϥϧػց຋༁ʹ͓͚Δֶश࣌ͱ຋༁
࣌ͷؒͷಛ௃ͷҧ͍Λʮ(a)຋༁ର৅ʢೖྗσʔλʣʯɼʮ(b)຋༁݁Ռʢग़ྗσʔ
λʣʯɼʮ(c)຋༁ର৅ͱ຋༁݁Ռͱͷؔ܎ʯɼʮ(d)֎෦৘ใʢ຋༁ର৅ͱ͸ผͷೖ
ྗσʔλʣʯͷ̐ͭͷ؍఺Ͱ෼ྨ͠ɼ͜ΕΒͷಛ௃ͷҧ͍ʹىҼ͢Δ຋༁ਫ਼౓
ͷ௿Լͷ໰୊Λղ͘͜ͱΛ໨తͱ͍ͯ͠Δɽ̐ͭͷ؍఺ͷ͏ͪɼʮ(a)຋༁ର৅
ʢೖྗσʔλʣʯɼʮ(b)຋༁݁Ռʢग़ྗσʔλʣʯɼʮ(c)຋༁ର৅ͱ຋༁݁Ռͱͷؔ
ց຋༁ͷλεΫͱͯ͠υϝΠϯλػ΂͖χϡʔϥϧྀ͢ߟʯͷಛ௃ͷҧ͍Λ܎
άΛ༻͍ͨχϡʔϥϧػց຋༁ʹண໨͠ɼʮ(d)֎෦৘ใʢ຋༁ର৅ͱ͸ผͷೖ
ྗσʔλʣʯͷಛ௃ͷҧ͍Λྀ͢ߟ΂͖χϡʔϥϧػց຋༁ͷλεΫͱͯ͠໨
తޠݴଆͷલจΛ༻͍ͨจ຺ܕྀߟχϡʔϥϧػց຋༁ʹண໨ͨ͠ɽ্ͭ̎ه
ͷλεΫʹ͓͍ͯɼैདྷख๏ͱఏҊख๏͕ண໨͍ͯ͠Δಛ௃ͷ߲໨Λද 3.1ʹ
ද͢ɽຊষͰ͸ɼຊ࿦จͷ໨తʹ߹கͨ̎ͭ͠ͷχϡʔϥϧػց຋༁ͷλεΫ
ͷؔ࿈ڀݚΛઆ໌͠ɼ૒ํͷैདྷख๏ͷ໰୊఺Λࣔ͢ɽ

3.1 υϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁
χϡʔϥϧػց຋༁ͷֶश͸ɼར༻Մೳͳର༁ίʔύεͷશͯͷσʔλΛ

ҰׅΓʹѻ͏৔߹͕ଟ͍͕ɼ຋༁ର৅ͷυϝΠϯҎ֎ͷσʔλ΍ϊΠζΛ
ؚΉσʔλͰֶश͢Δͱ຋༁ਫ਼౓͕௿Լ͢Δ͜ͱ͕஌ΒΕ͍ͯΔ (Luong and
Manning 2015; Belinkov and Bisk 2018)ɽ͜ͷ໰୊Λղܾ͢ΔͨΊʹɼసҠֶशͷ
ҰछͰ͋ΔυϝΠϯదԠ (Pan and Yang 2010)Λ༻͍ͨχϡʔϥϧػց຋༁͕͋
Δ (Chu and Wang 2018)ɽຊ࿦จͰ͸ɼχϡʔϥϧػց຋༁Ͱ༻͍ΒΕ͍ͯΔυ
ϝΠϯదԠख๏ͷ͏ͪɼ຋༁ର৅ͷυϝΠϯͷσʔλͱ຋༁ର৅Ͱ͸ͳ͍υϝ
Πϯͷҧ͍Λֶྀͯ͠ߟश͢ΔυϝΠϯλά (Kobus et al. 2017; Chu et al. 2017;
Berard et al. 2019a, 2019b; Caswell et al. 2019; Vaibhav et al. 2019)ʹண໨ͨ͠ɽ

Kobus et al. (2017)ͱChu et al. (2017)͸ɼෳ਺ͷର༁ίʔύεͷυϝΠϯΛ۠
ผֶͯ͠श͢Δχϡʔϥϧػց຋༁ͷख๏ͱͯ͠ɼର༁σʔλதͷޠݴݪଆͷ
จͷઌ಄ʹର༁ίʔύεͷυϝΠϯΛද͢λάʢίʔύελάʣΛૠೖֶͯ͠
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σʔλͷಛ௃ͷ෼ྨ߲໨

(a)຋༁ର৅ (b)຋༁݁Ռ (c)຋༁ର৅ͱ (d)֎෦৘ใ

ख๏ ຋༁݁Ռͱͷؔ܎

υϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁

ίʔύελά ! (!) (!) -

(Kobus et al. 2017)

ϊΠζλά ! -

(Vaibhav et al. 2019)

̎ͭͷλά ! ! -

(Berard et al. 2019a)

ఏҊख๏ ! ! ! -

໨తޠݴଆͷલจΛ༻͍ͨจ຺৘ใܕྀߟχϡʔϥϧػց຋༁

ैདྷख๏ - - -

(Bawden et al. 2018) - - -

ఏҊख๏ - - - !

ද 3.1: ண໨͍ͯ͠Δֶश࣌ͱ຋༁࣌ͷؒͷಛ௃ɽ

श͢Δ͜ͱΛఏҊͨ͠∗ɽ
Berard et al. (2019b)ɼCaswell et al. (2019)ɼVaibhav et al. (2019)ɼ͸ɼٯ຋༁Λ༻

຋༁ͷσʔλʹରͯ͠λάٯɼʹࡍஙͨ͠ίʔύεΛ௥Ճֶͯ͠श͢Δߏ͍ͯ
ʢϊΠζλάʣΛ෇༩ֶͯ͠श͢Δ͜ͱͰ຋༁ਫ਼౓্͕͢޲Δ͜ͱΛࣔͨ͠ɽ

Berard et al. (2019a)͸ɼίʔύελάͱϊΠζλάͷ̎ͭͷυϝΠϯλάΛ
෇༩͢Δ͜ͱΛఏҊͨ͠ɽ
υϝΠϯλάΛ༻্͍ͨهͷैདྷख๏͸ɼίʔύεͷ࣋ͭಛ௃Λදͨ͢Ίͷ

υϝΠϯλάʢίʔύελάʣ΍ίʔύεͷ຋༁ਫ਼౓Λද͢υϝΠϯλάʢϊ
ΠζλάʣΛ෇༩͠ɼ͜ΕΒͷಛ௃Λ۠ผֶͯ͠श͢ΔͨΊͷख๏Ͱ͋Δɽର
༁σʔλʹίʔύελά΍ϊΠζλάΛ෇༩ֶͯ͠शͨ͠χϡʔϥϧػց຋༁
ͷ຋༁Ϟσϧ͸ɼର༁σʔλ͕࣋ͭಛ༗ͷจମɼ͍ݴճ͠ɼϊΠζͳͲͷಛ௃
Λֶश͢Δɽ຋༁࣌͸ɼޠݴݪଆͷจͷઌ಄ʹ຋༁࣌ͷཁ݅Λຬͨ͢υϝΠϯ

∗ίʔύελάΛ༻͍ͨख๏͸ର༁ίʔύεͷ͍࣋ͬͯΔ̍ͭͷಛ௃ʹରͯ͠λάΛ෇༩͢
Δख๏Ͱ͋Γɼٛ޿Ͱ͸ද 3.1ͷσʔλͷಛ௃ͷ෼ྨ߲໨ͷ͏ͪͷ̍ͭʹண໨ͨ͠ख๏Ͱ͋
Δɽ͔͠͠ɼର༁ίʔύεͷଟ͘͸ಛڐίʔύε΍Պֶٕज़࿦จίʔύεͳͲ຋༁ର৅ͷಛ
௃ʹண໨ͯ͠ߏங͞Ε͍ͯΔͱ͑ߟɼද 3.1Ͱ͸ίʔύελάΛ༻͍ͨख๏͸ (a)຋༁ର৅ͷ
ಛ௃ͷҧ͍ʹண໨ͨ͠ख๏ͱͨ͠ɽ
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λάΛ෇༩͢Δ͜ͱͰɼ෇༩ͨ͠υϝΠϯλά͕࣋ͭಛ௃Λ൓ө͢ΔΑ͏ʹػ
ց຋༁͢ΔͨΊɼ຋༁ਫ਼౓্͕͢޲Δɽ͔͠͠ɼैདྷख๏͕෇༩͢ΔυϝΠϯ
λάͰ͸ίʔύεͷಛ௃Λ۠ผ͢Δʹ͸ෆे෼Ͱ͋Δ৔߹͕͋Δɽྫ͑͹ɼै
དྷख๏͸ίʔύεͷυϝΠϯ͕ಉ͡຋༁ର৅จ͕ෳ਺ͷ຋༁ελΠϧͰॻ͔Ε
͍ͯΔσʔλʹରͯ͠ɼෳ਺ͷ຋༁ελΠϧΛ۠ผֶͯ͠श͢ΔΑ͏ͳυϝΠ
ϯλάΛ෇༩͢Δ͜ͱ͸Ͱ͖ͳ͍ɽ
ຊ࿦จͰ͸ɼର༁σʔλΛ۠ผֶͯ͠श͢ΔͨΊʹ͸ɼ1.3અͰࣔͨ͠ʮ(a)

຋༁ର৅ʢೖྗσʔλʣʯɼʮ(b)຋༁݁Ռʢग़ྗσʔλʣʯɼʮ(c)຋༁ର৅ͱ຋༁݁
Ռͱͷؔ܎ʯͷશͯͷಛ௃Λྀͨ͠ߟυϝΠϯλάΛ෇༩͢Δඞཁ͕͋Δͱߟ
͑ɼैདྷख๏͸͜ͷҧ͍Λྀ͍ͯ͠ߟͳ͍͜ͱ͕໰୊Ͱ͋Δͱͨ͑ߟɽ

3.2 ໨తޠݴଆͷલจΛ༻͍ͨจ຺৘ใܕྀߟχϡʔ
ϥϧػց຋༁

χϡʔϥϧػց຋༁ʹ͓͍ͯจ຺ͷ৘ใ͸ɼޠኮɼ੍࣌ɼࢺࣔࢦɼলུͳ
ͲͷจؒͷදݱͷҰ؏ੑΛอ࣋͢Δ্ͰॏཁͰ͋Δ (Bawden et al. 2018; Läubli
et al. 2018; Müller et al. 2018; Voita et al. 2018)ɽՃ͑ͯɼ຋༁͢Δ্ͰରԠ͢Δඞ
ཁ͕ग़ͯ͘ΔθϩরԠղੳ (Okumura and Tamura 1996; Iida et al. 2016)΍ٛޠᐆ
ດੑͷղফͳͲʹ΋จ຺͸༗ޮͳ৘ใͱͳΔɽ
จ຺ܕྀߟχϡʔϥϧػց຋༁ͷ࣮૷ํ๏ʹ͸ɼ݁߹ϕʔεจ຺ܕྀߟ

χϡʔϥϧػց຋༁ (Tiedemann and Scherrer 2017; Bawden et al. 2018)ͱϚϧνΤ
ϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁ (Bawden et al. 2018; Kim et al. 2019)͕͋
ΔɽTiedemann and Scherrer (2017)͸ɼલจͱ຋༁ର৅ͷݪจͷؒʹಛघͳτʔ
Ϋϯʢ BREAK ʣΛૠೖͯ݁͠߹ͯ͠୯ମͷΤϯίʔμʹೖྗ͢Δ݁߹ϕʔε
จ຺৘ใܕྀߟχϡʔϥϧػց຋༁ΛఏҊͨ͠ɽBawden et al. (2018)͸ɼϚϧν
Τϯίʔμχϡʔϥϧػց຋༁ (Zoph and Knight 2016; Libovický and Helcl 2017;
Wang et al. 2017)Λ֦ு͠ɼޠݴݪଆͷલจͱ຋༁ର৅ͷจͱΛผʑͷΤϯίʔ
μʹೖྗ͢ΔϚϧνΤϯίʔμจ຺৘ใܕྀߟχϡʔϥϧػց຋༁ΛఏҊ͠
ͨɽϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁͸ɼ֤Τϯίʔμͷग़
ྗϕΫτϧΛ࿈݁ʢattention concatinationʣɼॏΈ෇͖࿨ʢattention gateʣɼ֊૚
ʢhierarchical attentionʣͷ͍ͣΕ͔ʹΑΓ݁߹͢ΔɽKim et al. (2019)͸ɼ֤Τϯ
ίʔμͷग़ྗϕΫτϧͷ݁߹Λσίʔμͷલஈɼ·ͨ͸σίʔμ಺Ͱ͜͏ߦͱ
͕Ͱ͖Δ͜ͱΛࣔͯͦ͠ͷҧ͍Λௐࠪͨ͠ɽ
͜ΕΒͷจ຺ܕྀߟχϡʔϥϧػց຋༁͸ɼ຋༁ର৅ͷจ͚ͩͰͳ͘ݴݪ

ଆͷจ຺ɼ·ͨ͸ͦͷ྆ํΛೖྗͰ͖Δޠݴଆͷจ຺ɼ໨తޠ (Tiedemann and
Scherrer 2017; Agrawal et al. 2018; Bawden et al. 2018; Kim et al. 2019)ɽBawden et al.
(2018)͸ɼޠݴݪଆͱ໨తޠݴଆͷલจΛจ຺৘ใͱͯ͠༻͍ͨख๏ΛఏҊ
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ͯͦ͠ΕͧΕͷޮՌΛൺֱͨ͠ɽAgrawal et al. (2018)͸ɼޠݴݪଆͱ໨తޠݴ
ଆͷෳ਺ͷલจͱޙจΛจ຺৘ใͱͯ͠༻͍Δख๏ΛఏҊͨ͠ɽBawden et al.
(2018)͸ɼ໨తޠݴଆͷલจΛ༻͍Δख๏Ͱֶश࣌ʹલจͷࢀর༁Λ༻͍ͯ຋
༁࣌ʹ͸ػց຋༁݁ՌΛ༻͍ͨɽ࣮ݧͷ݁Ռɼ໨తޠݴଆͷจ຺৘ใͷޮՌ͕
௿͔ͬͨ͜ͱΛใ͍ͯ͠ࠂΔɽAgrawal et al. (2018)͸ɼ໨తޠݴଆͷจ຺Λ࢖
͏ͱ͕ࠩޡ఻ൖ͢Δ͜ͱͰ຋༁ੑೳ͕௿Լ͢Δ͜ͱΛใ͍ͯ͠ࠂΔɽ·ͨɼෳ
਺ͷจ຺৘ใΛ͜͏࢖ͱͰ຋༁඼্࣭͕͢޲Δ৔߹͕͋Δ͕ɼ๲େͳϝϞϦͱ
Δɽ͍ͯ͠ࠂΔ͜ͱΛใ͕͋޲܏ඞཁͱͳΔ͕ྔࢉܭ
ଆͷจޠݴݪΔ͜ͱ͔Β্͢޲ͷΑ͏ʹɼैདྷख๏ͷଟ͘͸຋༁ਫ਼౓͕ه্

຺Λ༻͍ͨจ຺ܕྀߟχϡʔϥϧػց຋༁Λ༻͍͓ͯΓɼ໨తޠݴଆͷจ຺Λ
Δɽ͔͠͠ɼྫ͑͹ɺ͍ͯ͠ࠂདྷख๏͸຋༁ੑೳ͕௿Լ͢Δ͜ͱΛใैͨͬ࢖
೔ӳ຋༁ʹ͓͍ͯʮͰ͢·͢ௐʯͱʮͰ͋Δௐʯͷ༁ޠͷ౷ҰͷͨΊʹ͸໨త
ଆͷޠݴଆͷલจ͕ͲͷΑ͏ʹ຋༁͍ͯ͠Δ͔͕ॏཁͳ৘ใͱͳΓɺ໨తޠݴ
จ຺৘ใ͕༗ӹͳ৔߹΋͋Δͱ͑ߟΒΕΔɽ
ຊ࿦จͰ͸ɼैདྷख๏Ͱ໨తޠݴଆͷલจΛ͏࢖ͱ຋༁ੑೳ͕ྼԽͨ͠ݪҼ

͸ɼ໨తޠݴଆͷલจࣗମͷ໰୊Ͱ͸ͳ͘ɼֶश࣌ʹલจͷࢀর༁Λ༻͍ɼ຋
༁࣌ʹ͸ػց຋༁݁ՌΛ༻͍͍ͯΔ͜ͱʹ͋Δͱͨ͑ߟɽ͢ͳΘͪɼ໨తޠݴ
ଆͷલจΛ༻͍ͨจ຺ܕྀߟχϡʔϥϧػց຋༁͸ɼ1.3અͰֶࣔͨ͠श࣌ͱ
຋༁࣌ͱͷؒͷಛ௃ͷҧ͍Λ෼ྨͨ̐ͭ͠ͷ؍఺ͷ͏ͪʮ(d)຋༁ର৅ͱ͸ผ
ͷೖྗσʔλʢ֎෦σʔλʣʯͷಛ௃ͷҧ͍Λྀ͠ߟͳ͚Ε͹ͳΒͣɼैདྷख
๏͸͜ͷҧ͍Λྀ͍ͯ͠ߟͳ͍͜ͱ͕໰୊Ͱ͋Δͱͨ͑ߟɽ
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ୈ4ষ

ෳ਺ͷυϝΠϯλάΛ༻͍ͨχϡʔϥ
ϧػց຋༁

ຊষͰ͸ɼυϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁Λѻ͏ɽυϝΠϯλάΛ
༻͍ͨχϡʔϥϧػց຋༁͸ίʔύεͷಛ௃Λද͢υϝΠϯλάΛ༻͍ͯίʔ
ύεͷಛ௃Λ۠ผͯ͠຋༁ϞσϧΛޮՌతʹֶश͢Δख๏ͱͯ͠༻͍ΒΕͯ
͍Δ (Kobus et al. 2017; Vaibhav et al. 2019; Berard et al. 2019b)ɽྫ͑͹ɼχϡʔε
ͷ೔ӳػց຋༁ͷϞσϧͷߏஙʹχϡʔεͰ͸ͳ͍δϟϯϧͷର༁σʔλΛ༻
͍ΔࡍͳͲʹ༻͍ΒΕΔɽχϡʔεͷ೔ӳػց຋༁Λର৅ͷλεΫͱ͢Δͱɼ
χϡʔεͷδϟϯϧΛΠϯυϝΠϯͱݺͼɼχϡʔεͰ͸ͳ͍δϟϯϧΛΞ΢
τΦϒυϝΠϯͱݺͿɽΠϯυϝΠϯͷػց຋༁ϞσϧΛߏங͢ΔࡍʹυϝΠ
ϯλάΛ༻͍ͣʹΞ΢τΦϒυϝΠϯͷσʔλΛ༻ֶ͍ͯश͢ΔͱɼΠϯυϝ
ΠϯͱΞ΢τΦϒυϝΠϯͷσʔλؒͷಛ௃ͷҧ͍ʹΑΓɼ຋༁ਫ਼౓͕௿Լ͢
Δ͜ͱ͕͋ΔɽຊষͰ͸ɼυϝΠϯͷҧ͍Λ۠ผֶͯ͠श͢ΔυϝΠϯλάΛ
༻͍ͨख๏ʹண໨͠ɼैདྷख๏Ͱ͸ѻ͑ͳ͔ͬͨෳ਺ͷಛ௃Λ۠ผֶͯ͠श͢
ΔͨΊͷෳ਺ͷυϝΠϯλάΛ༻͍ͨख๏ΛఏҊ͢Δ∗ɽఏҊख๏ͷޮՌΛ֬
ೝ͢ΔͨΊʹɼ຋༁ݩͷޠݴʢޠݴݪʣଆͷσʔλΛ̍จ͝ͱʹ಺༰͕౳Ձʹ
ͳΔΑ͏ʹ຋༁ઌͷޠݴʢ໨తޠݴʣʹ຋༁ͨ͠ର༁ίʔύεʢ಺༰౳Ձίʔ
ύεʣɼޠݴݪଆͱ໨తޠݴଆͷσʔλಉ࢜Λจ୯ҐͰࣗಈରԠ͚ͮͨ͠ର༁
ίʔύεʢࣗಈΞϥΠϝϯτίʔύεʣɼ໨తޠݴଆͷσʔλΛػց຋༁Ͱ຋
༁ͨ͠ର༁ίʔύεʢٯ຋༁ίʔύεʣͷ̏छྨͷχϡʔεͷର༁ίʔύεΛ
༻͍ͯ຋༁࣮ݧΛͨͬߦɽ࣮ݧͷ݁ՌɼఏҊख๏͕ैདྷख๏ΑΓ΋ෳ਺ͷಛ௃
Λ࣋ͭίʔύεΛ༻͍ͨχϡʔϥϧػց຋༁ͷֶशʹޮՌతͰ͋Δ͜ͱΛ֬ೝ
ͨ͠ɽ

∗ຊ࿦จͰ͸ɼ຋༁ର৅ͱ຋༁ઌΛؚΜֶͩशσʔλશମͷମࡋ΍಺༰ͳͲͷಛ௃Λ·ͱ
ΊͯυϝΠϯͱఆٛ͢Δɽ
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According to the man, his grandchild was looking forward to the 
resumption of classes while the school was closed.
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ਤ 4.1: ࣗಈͰจ୯ҐͰରԠ͚ͮΕΒͨ೔ӳର༁σʔλͷྫɽҰ෦ͷ୯ޠ΍ϑ
Ϩʔζ͕຋༁͞Ε͍ͯͳ͍ʮ༁ൈ͚ʯ΍຋༁ݩʹͳ͍৘ใ͕຋༁݁Ռʹؚ·Ε
Δʮա৒༁ʯΛؚΉɽ

4.1 ͸͡Ίʹ
χϡʔϥϧػց຋༁ͷϞσϧͷֶशʹ͸ର༁σʔλ͕ඞཁͰ͋Γɼ๲େͳྔ

ͷ຋༁ର৅ͷυϝΠϯͷର༁σʔλΛֶश͢Δ͜ͱͰ຋༁ਫ਼౓্͕͢޲Δɽ͠
͔͠ɼίετͷ໘ͳͲ͔Β຋༁ର৅ͷυϝΠϯͷద੾ͳର༁σʔλʢΠϯυϝ
Πϯͷσʔλʣ†Λେྔʹ༻ҙ͢Δ͜ͱ͸ࠔ೉Ͱ͋Δɽֶशσʔλ‡Λ૿΍ͨ͢
Ίʹɼ຋༁ର৅Ͱ͸ͳ͍υϝΠϯͷର༁σʔλ΍ࣗಈͰ֫ಘͨ͠ϊΠζΛؚΜ
ͩର༁σʔλͳͲʢΞ΢τΦϒυϝΠϯͷσʔλʣΛ༻͍Δ͜ͱ͕͑ߟΒΕΔ
͕ɼΞ΢τΦϒυϝΠϯͷσʔλΛ௥Ճֶͯ͠श͢Δ͜ͱͰΠϯυϝΠϯͷ຋
༁ਫ਼౓͕௿Լ͢Δ৔߹͕͋Δɽ
Ξ΢τΦϒυϝΠϯͷσʔλͱͯ͠༻͍ΒΕΔࣗಈͰ֫ಘՄೳͳσʔλʹ

͸ɼจ୯ҐͰࣗಈରԠ͚ͮΒΕͨର༁σʔλ΍ɼػց຋༁Ͱ຋༁ͨ͠ର༁σʔ
λͳͲ͕͋ΔɽࣗಈͰରԠ͚ͮΒΕͨର༁σʔλ͸ɼ༷ʑͳཧ༝͔Β 1จ͝ͱ
ʹରԠ͚ͮΒΕ͍ͯͳ͍σʔλ§ͷத͔Βର༁σʔλͰ͋ΔՄೳੑͷ͍ߴσʔ
λରΛࣗಈͰநग़͢Δ͜ͱʹΑΓߏங͞Εͨ΋ͷͰ͋Δɽਤ 4.1ͷྫͷΑ͏ʹɼ
Ұ෦ͷ୯ޠ΍ϑϨʔζ͕຋༁͞Ε͍ͯͳ͔ͬͨΓʢ༁ൈ͚ʣɼ຋༁ݩʹͳ͍৘
ใ͕຋༁݁Ռʹؚ·Ε͍ͯͨΓʢա৒༁ʣ͢Δ͜ͱ͕͋Δɽ·ͨɼػց຋༁Ͱ
຋༁ͨ͠ର༁σʔλ͸ɼࣄલʹ༻ҙͨ͠ػց຋༁ثΛ༻͍ͯ຋༁ͨ͠σʔλ͔
Βߏங͞Εͨ΋ͷͰɼػց຋༁ثͷੑೳʹґଘͯ͠ػց຋༁݁Ռʹ༁ൈ͚ɼա
৒༁ɼޡ༁ؚ͕·ΕΔ͜ͱ͕͋Δɽػց຋༁Ͱ຋༁͢Δࡍʹ͸ɼ຋༁ݩͷޠݴ

†ຊ࿦จͰ͸ɼ຋༁ݩσʔλͱ຋༁ݩͷ৘ใΛͦͷ··຋༁ͨ͠຋༁݁ՌͷରΛΠϯυϝ
Πϯͷσʔλͱఆٛ͢Δɽ
‡ֶशʹ༻͍Δର༁σʔλΛֶशσʔλͱݺͿɽ
§ྫ͑͹ɼχϡʔε຋༁͸̍จ୯ҐͰ͸ͳ͘ࣄه୯ҐͰߦΘΕΔ͜ͱ͕ଟ͘ɼ຋༁ݩͷෳ਺

จΛ·ͱΊͯ̍ͭͷσʔλͱͯ͠຋༁ͨ͠Γɼ຋༁ݩͷ̍จΛෳ਺จʹ෼ׂͯ͠຋༁ͨ͠Γ
͢Δɽ͞Βʹɼ຋༁ݩͷจͷॱং͕มΘΔ͜ͱ΋͋Δɽ
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ʢޠݴݪʣͷσʔλΛ຋༁ઌͷޠݴʢ໨తޠݴʣʹ຋༁ʢॱ຋༁ʣ͢Δ৔߹ͱ
໨తޠݴͷσʔλΛޠݴݪʹ຋༁ʢٯ຋༁ʣ͢Δ৔߹͕͑ߟΒΕΔ͕ɼ໨తݴ
຋༁Λ༻͍Δ͜ͱ͕ଟٯଆͷσʔλ͕ϊΠζͷͳ͍ਖ਼͍͠จͱͳΔΑ͏ʹɼޠ
͍ (Sennrich et al. 2016a)ɽ
͜ΕΒͷҧ͏ಛ௃Λ࣋ͭσʔλΛ༻͍ͯޮՌతʹػց຋༁ͷϞσϧΛֶश͢

Δٕज़ͱͯ͠ɼυϝΠϯλάΛ༻͍Δख๏ (Chu et al. 2017; Kobus et al. 2017)͕
͋Δ͕ɼͦΕͧΕͷσʔλʹରͯ͠ 1छྨͷλάΛ෇༩͢Δख๏Ͱ͋ΔͨΊɼ
ͦΕͧΕͷσʔλͷಛ௃Λे෼ʹදݱͰ͖ͳ͍৔߹͕͋Δɽྫ͑͹ɼࣗಈͰର
Ԡ͚ͮΒΕͨର༁σʔλͱػց຋༁Ͱٯ຋༁ͨ͠ର༁σʔλ͸ɼ຋༁ઌͰ͋Δ
໨తޠݴଆͷσʔλ͕ಉ͡ಛ௃Λ͍࣋ͬͯΔʹ΋ؔΘΒͣɼैདྷख๏Ͱ͸ͦͷ
৘ใΛλάͰද͢͜ͱ͕Ͱ͖ͳ͍ɽ໨తޠݴଆͷจͷಛ௃͸ग़ྗจΛ੍͢ޚΔ
্Ͱॏཁͳಛ௃Ͱ͋Γɼ͜ͷ৘ใΛ׆༻͢Δ͜ͱͰ຋༁ਫ਼౓ͷظ্͕޲଴Ͱ
͖Δɽ
ຊষͰ͸ɼ͜ͷ໰୊Λղܾ͢ΔͨΊʹɼ1.3અͰࣔͨ͠ʮ(a)຋༁ର৅ʢೖྗ

σʔλʣʯɼʮ(b)຋༁݁Ռʢग़ྗσʔλʣʯɼʮ(c)຋༁ର৅ͱ຋༁݁Ռͱͷؔ܎ʯͷ
̏ͭͷ؍఺Ͱର༁σʔλͷಛ௃Λద੾ʹ۠ผֶͯ͠श͢ΔͨΊͷෳ਺ͷυϝΠ
ϯλάΛ༻͍ͨख๏ΛఏҊ͢Δɽۙ೥ॏཁੑ͕ߴ·͍ͬͯΔ೔ӳχϡʔεػց
຋༁Λର৅ʹ຋༁࣮ݧΛ͍ߦɼఏҊख๏͕ैདྷख๏ͷυϝΠϯλάख๏ͱൺֱ
ͯ͠຋༁ਫ਼౓Λ্ͤ͞޲Δ͜ͱΛ֬ೝͨ͠ɽ
ຊষͷߏ੒͸ҎԼͷ௨ΓͰ͋Δɽ4.2અͰ͸ຊষ͕༻͍Δ೔ӳχϡʔείʔ

ύεʹ͍ͭͯઆ໌͢Δɽ4.3અͰ͸υϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁
ͷैདྷख๏ʹ͍ͭͯઆ໌͢Δɽ4.4અͰ͸ఏҊख๏Λઆ໌͢Δɽ4.5અͰ͸຋༁
ɼ4.7ʹޙ࠷ɽ͏ߦͷ݁ՌΛࣔͯ͠෼ੳΛݧΛࣔ͠ɼ4.6અͰ຋༁࣮ࡉͷৄݧ࣮
અͰຊষΛ·ͱΊΔɽ

4.2 ೔ӳχϡʔείʔύε
ຊઅͰ͸ɼ࣮ݧͰ༻͍Δ೔ӳχϡʔείʔύεʹ͍ͭͯઆ໌͢Δɽ࣌ࣄ௨৴

ࣾͷχϡʔεΛجͱ͢Δಛ௃ͷҧ͏̏छྨͷ೔ӳχϡʔείʔύεΛ༻͍ͨɽ
೔ຊޠଆͷσʔλΛ̍จ͝ͱʹ಺༰͕౳ՁʹͳΔΑ͏ʹӳޠʹ຋༁ͨ͠ίʔύ
εʢ಺༰౳Ձίʔύεʣɼطଘͷ೔ຊޠଆͱӳޠଆͷσʔλಉ࢜Λจ୯ҐͰࣗ
ಈରԠ͚ͮͨ͠ίʔύεʢࣗಈΞϥΠϝϯτίʔύεʣɼ໨తޠݴͰ͋Δӳޠ
ͷσʔλΛػց຋༁Ͱ೔ຊޠʹ຋༁ͨ͠ίʔύεʢٯ຋༁ίʔύεʣɼͰ͋Δɽ
ද 4.1ʹɼ༻͍ͨ̏छྨͷίʔύεͷಛ௃Λࣔ͠ɼද 4.2ʹ֤ίʔύεͷ౷ܭ৘
ใΛࣔ͢ɽຊষͰ͸ɼ಺༰౳ՁίʔύεΛɼద੾ͳ຋༁͕ߦΘΕͨΠϯυϝΠ
ϯͷର༁σʔλͱͨ͠ɽ
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೔ຊޠଆͱӳޠଆ

ίʔύε ೔ຊޠଆ ӳޠଆ ͷσʔλؒͷؔ܎

಺༰౳Ձίʔύε ͷχϡʔεݩ ಺༰͕౳ՁʹͳΔ ಺༰͕౳ՁͰ͋Δ

Α͏ʹ຋༁

ࣗಈΞϥΠϝϯτ ͷχϡʔεݩ ͷχϡʔεݩ ༁ൈ͚΍ա৒༁

ίʔύε ͳͲؚ͕·ΕΔ

຋༁ίʔύεٯ ց຋༁ػ ͷχϡʔεݩ ց຋༁ಛ༗ͷ༁ൈ͚ɼػ

ग़ྗ ա৒༁ɼޡ༁ؚ͕·ΕΔ

ද 4.1: ֤೔ӳχϡʔείʔύεͷಛ௃

೔ຊޠଆ ӳޠଆ

ίʔύε σʔλ਺ จ਺ จࣈ਺ จ਺ ୯ޠ਺

಺༰౳Ձίʔύε 220,180 220,180 10,427,732 235,407 6,052,647

ࣗಈΞϥΠϝϯτίʔύε 286,247 286,247 17,521,620 286,247 9,090,966

຋༁ίʔύεٯ 533,581 533,581 22,798,841 533,581 14,348,304

ʢ಺༰౳Ձʣ

຋༁ίʔύεٯ 533,581 533,581 21,861,647 533,581 14,348,304

ʢΞϥΠϝϯτʣ

ද 4.2: ֤ίʔύεͷ౷ܭ৘ใɽٯ຋༁ίʔύεʹ͍ͭͯ͸ɼػց຋༁Ϟσϧͷ
ֶश࣌ʹ಺༰౳ՁίʔύεͱࣗಈΞϥΠϝϯτίʔύεΛ༻͍ͯ಺༰౳Ձίʔ
ύεͷίʔύεͷಛ௃ʹ߹Θͤͯ຋༁͢ΔϞσϧͱɼࣗಈΞϥΠϝϯτίʔύ
εʹ߹Θͤͯ຋༁͢ΔϞσϧͷ̎ͭͷϞσϧͰͦΕͧΕ຋༁ͨ͠ɽ

4.2.1 ಺༰౳Ձίʔύε

಺༰౳Ձίʔύε͸ɼ೔ຊޠͷσʔλΛ಺༰͕ಉ౳ͱͳΔΑ͏ʹਓखͰӳޠ
ʹ຋༁ͯ͠ߏங͞ΕͨίʔύεͰ͋ΔɽຊষͰ͸ɼ͜ͷ຋༁Λద੾ͳ຋༁ͱఆ
ٛ͠ɼຊίʔύεͷର༁σʔλΛΠϯυϝΠϯͷσʔλͱͨ͠ɽ
಺༰౳Ձίʔύε͸ɼ࣍અͰઆ໌͢ΔࣗಈΞϥΠϝϯτίʔύεͱಉ༷ʹɼ

ాதӳًଞ (2021)ͷσʔλ¶Λ༻͍ͨɽσʔλ਺͸ 220, 180Ͱ͋Δɽ

¶ాதӳًଞ (2021)͸ɼࣗಈΞϥΠϝϯτίʔύε͕ϊΠζΛؚΜͰ͍Δ͜ͱʹண໨͠ɼ
ϊΠζΛؚ·ͳ͍ίʔύεͱͯ͠ɼ࣌ࣄ௨৴ࣾͷ೔ຊޠχϡʔε͓ΑͼӳޠχϡʔεΛͦΕͧ
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4.2.2 ࣗಈΞϥΠϝϯτίʔύε

ࣗಈΞϥΠϝϯτίʔύε͸ɼ೔ຊޠଆͷίʔύεͱӳޠଆͷίʔύεͷத
͔Β຋༁ͷରԠؔ܎ʹ͋Δ͔Ͳ͏͔ΛࣗಈͰ൑ఆͯ͠ߏங͞ΕͨίʔύεͰ͋
Δɽެ։͞Ε͍ͯΔࣗಈΞϥΠϝϯτίʔύεʹ͸ɼ࣌ࣄίʔύε∥΍ಡച৽ฉ
ίʔύε∗∗ͳͲ͕͋ΔɽຊষͰ͸ɼࣗಈΞϥΠϝϯτίʔύεͱͯ͠ɼాதӳ
ًଞ ௨ࣄ௨৴ࣾͷࣗಈΞϥΠϝϯτσʔλΛ༻͍ͨɽ࣌ࣄஙͨ࣌͠ߏ͕(2021)
৴ࣾͷଟ͘ͷӳޠχϡʔε͸೔ຊޠχϡʔεΛجʹ຋༁͞Ε͍ͯΔ͕ɼ୯ͳΔ
຋༁Ͱ͸ͳ͘಺༰ͷେ͖ͳฤू͕൐͏৔߹͕͋ΔͨΊɼӳޠଆͷจ͸৘ใ͕ল
ུ͞Ε͍ͯͨΓɼ௥Ճ͞Ε͍ͯͨΓ͢Δ͜ͱ͕͋ΓɼࣗಈΞϥΠϝϯτίʔύ
εʹ͸͜ΕΒͷϊΠζؚ͕·ΕΔɽ͞ΒʹɼࣗಈΞϥΠϝϯτ͢ΔࡍͷΞϥΠ
ϝϯτΤϥʔʹΑΔϊΠζ΋ؚ·ΕΔɽࣗಈΞϥΠϝϯτ͸ɼಈతܭը๏Λ༻
͏ߦΞϥΠϝϯτΛͯ͠ࢉܭ౓είΞΛࣅଆͷจͷྨޠݴଆͱ໨తޠݴݪ͍ͯ
Utiyama and Isahara (2007)ͷख๏Λ༻͍͍ͯΔɽΞϥΠϝϯτͷਫ਼౓ͷ໰୊ͳͲ
ʹΑΓ಺༰͕ಉ౳Ͱ͸ͳ͍ର༁σʔλ͕ੜ੒͞ΕΔ͜ͱ͕͋Γɼ͜ΕΛΞϥΠ
ϝϯτΤϥʔͱݺΜͰ͍Δɽ͜ΕΒͷϊΠζ͸χϡʔϥϧػց຋༁ͷ຋༁ਫ਼౓
ͷ௿ԼͷཁҼͱͳΔɽ༻͍ͨࣗಈΞϥΠϝϯτίʔύεͷσʔλ਺͸ɼΞϥΠ
ϝϯτ͞Εͨ 582,572จରͷର༁σʔλީิͷ͏ͪɼྨࣅ౓είΞ͕ 0.3Ҏ্Ͱ
͋ͬͨ 286, 247จରͰ͋Δɽ

4.2.3 ຋༁ίʔύεٯ

χϡʔϥϧػց຋༁ͷਫ਼౓Λ্ͤ͞޲Δख๏ͷ̍ͭʹɺ୯ޠݴσʔλΛ༻͍
ͨσʔλ֦ு͕͋ΔɻSennrich et al. (2016a)͸ɺطଘͷର༁σʔλͰֶशͨ͠໨
త͔ޠݴΒޠݴݪ΁຋༁͢Δχϡʔϥϧػց຋༁ثΛ༻͍ͯ໨తޠݴͷ୯ޠݴ
σʔλΛޠݴݪʹ຋༁ٖͨ͠ࣅతͳର༁σʔλΛੜ੒͠ɺͦΕΛطଘͷର༁
σʔλʹ௥Ճֶͯ͠श͢Δ͜ͱͰ຋༁ਫ਼౓্͕͢޲Δ͜ͱΛࣔͨ͠ɻ໨తޠݴ
͔Βޠݴݪʹ຋༁͢Δ͜ͱ͸ʮٯ຋༁ʯͱݺ͹Εɺٯ຋༁ʹΑͬͯੜ੒͞Εͨ
ଆͷσʔλͷྲྀெੑ͕୲อ͞Ε͍ͯΔ͜ͱ͔Βɺޠݴର༁σʔλ͸ɺ໨తࣅٖ
༁จͷྲྀெੑ্͕͢޲Δ͜ͱ͕஌ΒΕ͍ͯΔɻຊষͰ͸ɼ࣌ࣄ௨৴ࣾͷӳޠ
χϡʔεࣄهͷӳޠจͷσʔλͱɼͦͷσʔλΛ೔ຊٯʹޠ຋༁ͨ͠σʔλͱ
Λٯ຋༁ίʔύεͱͯ͠༻͍ͨɽٯ຋༁ʹ༻͍ͨӳޠจ͸ࣗಈΞϥΠϝϯτ
ίʔύεʹؚ·Ε͍ͯͳ͍࣌ࣄ௨৴ࣾͷχϡʔεࣄهͷӳޠจͱͨ͠ɽ·ͨɼ
ց຋༁Ϟσϧʹ͸ɼ಺༰౳ՁίʔύεͱࣗಈΞϥΠϝϯػ຋༁ʹ༻͍ͨӳ೔ٯ

ΕਓखͰ̍จ͝ͱʹ಺༰͕౳ՁʹͳΔΑ͏ʹ຋༁ͨ͠಺༰౳ՁίʔύεΛߏஙͨ͠ɽຊষͰ
͸ɼ͜ͷ͏ͪ࣌ࣄ௨৴ࣾͷ೔ຊޠχϡʔεΛਓखͰ຋༁ͨ͠ର༁σʔλͷΈΛ಺༰౳Ձίʔ
ύεͱͯ͠༻͍ͨɽ

∥http://lotus.kuee.kyoto-u.ac.jp/WAT/jiji-corpus/
∗∗https://database.yomiuri.co.jp/about/glossary/
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ਤ 4.2: υϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁ɽ֤σʔλͷυϝΠϯͷ
λάʢ<λάA>ɼ<λά B>ɼ...ʣΛޠݴݪଆͷσʔλʹ෇༩ֶͯ͠श͠ɼ຋
༁࣌͸຋༁ର৅ͷυϝΠϯͷλάΛ෇༩ͯ͠຋༁͢ΔɽޠݴݪͷσʔλΛ
x = (x1, x2, ..., xK)ɼ໨తޠݴଆͷσʔλΛ y = (y1, y2, ..., yJ)Ͱࣔ͢ɽKɼJ͸ޠݴݪ
ଆɼ໨తޠݴଆͷσʔλ௕Λࣔ͢ɽ

τίʔύεͷ྆ํΛ༻͍ɼυϝΠϯλάΛ༻͍ͨख๏ʢ࣍અʹͯৄࡉΛઆ໌ʣ
Ͱֶशͨ͠ϞσϧΛ༻͍ͨɽ຋༁࣌ʹ͸಺༰౳ՁίʔύεɼࣗಈΞϥΠϝϯτ
ίʔύεͷ͍ͣΕ͔ʹ߹Θͤͨ຋༁݁ՌΛग़ྗՄೳͰ͋Γɼ྆ํͷग़ྗΛ༻͍
ͨɽ྆ऀΛ۠ผ͢ΔͨΊʹɼ಺༰౳Ձίʔύεʹ߹Θͤͨ຋༁݁ՌΛ༻͍ͨର
༁σʔλΛٯ຋༁ίʔύεʢ಺༰౳ՁʣɼࣗಈΞϥΠϝϯτίʔύεʹ߹Θͤ
ͨ຋༁݁ՌΛ༻͍ͨର༁σʔλΛٯ຋༁ίʔύεʢΞϥΠϝϯτʣͱݺͿɽ

4.3 υϝΠϯλάΛ༻͍ͨैདྷख๏
4.2અͰࣔͨ͠ର༁ίʔύεΛ༻͍ͯ຋༁ϞσϧΛޮՌతʹֶश͢ΔͨΊʹɼ

υϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁Λ༻͍ΔɽυϝΠϯλάΛ༻͍ͨ
χϡʔϥϧػց຋༁͸ɼ຋༁ର৅ͷυϝΠϯʢΠϯυϝΠϯʣͷσʔλͱ຋༁
ର৅Ͱ͸ͳ͍υϝΠϯʢΞ΢τΦϒυϝΠϯʣͷҧ͍Λֶྀͯ͠ߟश͢Δ͜ͱ
Ͱ຋༁ਫ਼౓Λ্ͤ͞޲Δख๏Ͱ͋ΓɼຊষͰ͸υϝΠϯλάΛ༻͍ͨख๏Λ༻
͍ΔɽυϝΠϯλάΛ༻͍ͨख๏͸ɼਤ 4.2ʹࣔ͢Α͏ʹɼ֤ίʔύεͷσʔ
λʹίʔύεͷಛ௃Λද͢υϝΠϯλάΛޠݴݪଆͷೖྗσʔλʹ෇༩ֶͯ͠
शɼ຋༁Λ͏ߦɽ

4.3.1 ैདྷख๏͕෇༩͢ΔυϝΠϯλά

ैདྷख๏ͷυϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁Ͱֶश࣌ʹ෇༩͢Δλ
ά͸Լهͷ௨ΓͰ͋Δɽ

• ୯ҰυϝΠϯλάΛ෇༩͢Δख๏ (Kobus et al. 2017)ʢίʔύελάʣ:
<CE> : ಺༰ಉ౳ίʔύεͱٯ຋༁ίʔύεʢ಺༰౳Ձʣʹ෇༩
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<AA> : ࣗಈΞϥΠϝϯτίʔύεͱٯ຋༁ίʔύεʢΞϥΠϝϯτʣʹ
෇༩

• ຋༁Ͱ͋Δ͜ͱΛࣔ͢υϝΠϯλάΛ෇༩͢Δख๏ٯ (Vaibhav et al. 2019)
ʢϊΠζλάʣ:
<CE> : ಺༰ಉ౳ίʔύεʹ෇༩
<AA> : ࣗಈΞϥΠϝϯτίʔύεʹ෇༩
<BT-CE> : ຋༁ίʔύεʢ಺༰౳Ձʣʹ෇༩ٯ
<BT-AA> : ຋༁ίʔύεʢΞϥΠϝϯτʣʹ෇༩ٯ

• 2छྨͷυϝΠϯλάΛ෇༩͢Δख๏ (Berard et al. 2019b)ʢ̎ͭͷλάʣ:
<BT> : ຋༁ίʔύεʢΞϥΠϝϯτʣٯ຋༁ίʔύεʢ಺༰౳Ձʣͱٯ
ʹ෇༩
<CE> : ಺༰ಉ౳ίʔύεʹ෇༩
<AA> : ࣗಈΞϥΠϝϯτίʔύεʹ෇༩

ද 4.3ͷ̍ʙ̏ߦ໨ʹɼैདྷख๏ʹΑΓ೔ӳχϡʔείʔύεʹ෇༩͞ΕΔυ
ϝΠϯλάΛࣔ͢ɽ

4.3.2 ैདྷख๏ͷ՝୊

υϝΠϯλάΛ༻͍ͨैདྷख๏͸ɼίʔύεͷ࣋ͭಛ௃ʹண໨ͨ͠ίʔύε
λά΍ɼίʔύεͷ຋༁ਫ਼౓ʹண໨ͨ͠ϊΠζλάͳͲͷಛ௃Λ۠ผ͢Δ͜ͱ
Ͱ຋༁ϞσϧΛޮՌతʹֶश͢ΔͨΊͷख๏Ͱ͋Δɽ͔͠͠ɼલઅͰࣔͨ͠ै
དྷख๏Ͱ͸ɼද 4.1Ͱࣔͨ͠ຊষͰ༻͍Δ೔ӳχϡʔείʔύε͕࣋ͭಛ௃Λ
े෼ʹ۠ผ͢Δ͜ͱ͕Ͱ͖ͳ͍ɽྫ͑͹ɼٯ຋༁ίʔύε (಺༰౳Ձ)ʹண໨͢
Δͱɼද 4.3ͷίʔύελά (Kobus et al. 2017)Ͱ͸ <CE>λάΛ෇༩͍ͯ͠Δ
͕ɼٯ຋༁ʹΑΔػց຋༁ಛ༗ͷϊΠζؚ͕·Ε͍ͯΔͱ͍͏ಛ௃Λ൓өͰ͖
͍ͯͳ͍ɽϊΠζλά (Vaibhav et al. 2019)Ͱ͸ɼ<BT-CE>λάΛ෇༩͢Δ͜ͱ
Ͱػց຋༁ಛ༗ͷϊΠζؚ͕·Ε͍ͯΔ͜ͱ͕෼͔ΔΑ͏ʹͳ͍ͬͯΔ͕ɼٯ
຋༁ʹ಺༰ಉ౳ίʔύεͷυϝΠϯʹ߹Θͤͯ຋༁͢Δػց຋༁ϞσϧΛ༻͍
ͨͱ͍͏ಛ௃͕൓өͰ͖͍ͯͳ͍ɽ̎ͭͷλά (Berard et al. 2019a)Ͱ͸ɼ<BT>
ͱ<CE>ͷ̎ͭͷλάΛ෇༩͢Δ͜ͱͰɼϊΠζؚ͕·Ε͓ͯΓɼ͔ͭɼٯ຋
༁ʹ಺༰ಉ౳ίʔύεͷυϝΠϯʹ߹Θͤͯ຋༁͢Δػց຋༁ϞσϧΛ༻͍ͨ
ͱ͍͏ಛ௃͕൓ө͞Ε͍ͯΔ͕ɼ໨తޠݴଆͷӳޠจ͕࣌ࣄ௨৴ࣾͷݩͷӳޠ
จͰ͋Δͱ͍͏ಛ௃͕൓өͰ͖͍ͯͳ͍ɽٯ຋༁ίʔύε (ΞϥΠϝϯτ)ʹண
໨ͨ͠৔߹΋ಉ༷ʹɼैདྷख๏Ͱ෇༩͢ΔλάͰ͸ίʔύεؒͷಛ௃ͷҧ͍Λ
े෼ʹ۠ผͰ͖ͳ͍͜ͱ͕෼͔Δɽ
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಺༰౳Ձ ࣗಈΞϥΠϝϯτ ຋༁ٯ ຋༁ٯ

υϝΠϯλά ίʔύε ίʔύε ίʔύε ίʔύε

ʢ಺༰౳ՁʣʢΞϥΠϝϯτʣ

ίʔύελά

(Kobus et al. 2017) <CE> <AA> <CE> <AA>

ϊΠζλά

(Vaibhav et al. 2019) <CE> <AA> <BT-CE> <BT-AA>

̎ͭͷλά <BT> <BT>

(Berard et al. 2019a) <CE> <AA> <CE> <AA>

ෳ਺λά <NS-S> <NS-S> <CE-S> <NS-S>

ʢఏҊख๏ʣ <CE-T> <NS-T> <NS-T> <NS-T>

<NO-BT> <NO-BT> <BT> <BT>

<NO-AN> <AN> <NO-AN> <AN>

ද 4.3: ֤ख๏͕ίʔύεʹ෇༩͢Δλάɽ

4.4 ఏҊख๏
ैདྷख๏ͷ໰୊఺Λղܾ͢Δʹ͸ɼද 4.1ͷ֤ίʔύεͷಛ௃ΛશͯදݱͰ

͖ΔυϝΠϯλάͷઃ͕ܭඞཁͱͳΔɽͦ͜Ͱɼର༁σʔλʹରͯ͠ɼ1.3અ
Ͱࣔͨ͠ʮ(a)຋༁ର৅ʢೖྗσʔλʣʯɼʮ(b)຋༁݁Ռʢग़ྗσʔλʣʯɼʮ(c)຋
༁ର৅ͱ຋༁݁Ռͱͷؔ܎ʯͷಛ௃Λද͢ݱΔͨΊͷෳ਺λάΛ༻͍ͨυϝΠ
ϯλάͷख๏ΛఏҊ͢ΔɽఏҊख๏Ͱ͸ɼԼهʹࣔ̐ͭ͢ͷλάΛ༻͍Δɽ

• ଆͷσʔλͷಛ௃Λද͢λάʢ຋༁ର৅ʣɿޠݴݪ
<NS-S>: ͷχϡʔεͰ͋Δ͜ͱΛࣔ͢ɽݩଆͷσʔλ͕ޠݴݪ
<CE-S>: ց຋༁݁ՌͰ͋ػ຋༁ʹΑΓੜ੒͞Εͨٯଆͷσʔλ͕ޠݴݪ
Δ͜ͱΛࣔ͢ɽ

• ໨తޠݴଆͷಛ௃Λද͢λάʢ຋༁݁Ռʣɿ
<CE-T>: ໨తޠݴଆͷσʔλ͕಺༰͕౳ՁʹͳΔΑ͏ʹݩͷχϡʔε͔
ΒਓखͰ຋༁͞Εͨ͜ͱΛࣔ͢ɽ
<NS-T>: ໨తޠݴଆͷσʔλ͕ݩͷχϡʔεͰ͋Δ͜ͱΛࣔ͢ɽ

• ց຋༁ಛ༗ͷϊΠζͷ༗ແΛද͢λάʢ຋༁ର৅ͱ຋༁ػ຋༁ʹΑΔٯ
݁Ռͱͷؔ܎ʣɿ
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<NO-BT> : ց຋༁Λ༻͍ͨର༁σʔλͰ͸ͳ͍͜ͱࣔ͢ɽػ
<BT> : ց຋༁Λ༻͍ͨର༁σʔλͰ͋Δ͜ͱΛࣔ͢ɽػ

• ࣗಈΞϥΠϝϯτʹΑΔϊΠζͷ༗ແΛද͢λάʢ຋༁ର৅ͱ຋༁݁Ռ
ͱͷؔ܎ʣɿ
<NO-AN> : ࣗಈΞϥΠϝϯτʹΑΔϊΠζ͕ͳ͍͜ͱΛࣔ͢ɽ
<AN> : ࣗಈΞϥΠϝϯτʹΑΔϊΠζؚ͕·ΕΔ͜ͱΛࣔ͢ɽ

ද 4.3ͷ̐ߦ໨ʹɼຊষͰ༻͍Δ೔ӳχϡʔείʔύεʹఏҊख๏͕෇༩͢Δ
υϝΠϯλάΛࣔ͢ɽ

4.4.1 ൺֱख๏

ఏҊख๏ͱൺֱ͢ΔυϝΠϯλάΛ༻͍ͨख๏ʹ͸ɼ4.3અͰैདྷख๏ͱ͠
ͯࣔͨ͠ʮ୯ҰυϝΠϯλάΛ෇༩͢Δख๏ (Kobus et al. 2017)ʢίʔύελ
άʣʯɼʮٯ຋༁Ͱ͋Δ͜ͱΛࣔ͢υϝΠϯλάΛ෇༩͢Δख๏ (Vaibhav et al.
2019)ʢϊΠζλάʣʯɼʮ̎ͭͷυϝΠϯλάΛ෇༩͢Δख๏ (Berard et al. 2019b)
ʢ̎ͭͷλάʣʯͷ̏ͭͷख๏Λ༻͍ͨɽυϝΠϯλάΛ༻͍ͨैདྷख๏ͱͷൺ
ֱʹՃ͑ɼυϝΠϯλάΛ༻͍ͳ͍৔߹ͱ΋ൺֱΛ͏ߦɽ

4.5 ධՁ࣮ݧ
ఏҊख๏ͷ༗ޮੑΛධՁ͢ΔͨΊʹɼ4.2અͰࣔͨ͠೔ӳχϡʔείʔύε

Λ༻͍ͨ೔ӳχϡʔεػց຋༁࣮ݧΛͨͬߦɽ

4.5.1 ઃఆࡉৄ

ֶशσʔλʹ͸ɼ4.2અͰࣔͨ͠೔ӳχϡʔείʔύεͷ߹ܭ 1,573,589จର
Λ༻͍ͨɽςετηοτʹ͸ɼ಺༰౳Ձίʔύε͔Β͋Β͔͡Ίֶशσʔλ
ͱ͸ผʹऔ͓͍ͬͯͨ 2, 000จରΛ༻͍ͨɽશͯͷσʔλ͸ɼԼهͷલॲཧΛ
෼ׂʹ͸MosesޠͷσʔλͷΫϦʔχϯάɼ͓Αͼ୯ޠɽӳ͍ͨ༺ͯ͠ࢪ࣮
toolkit∗ͷ clean-corpus-n.perl†ɼtokenizer.perl‡Λ༻͍ͨɽ೔ຊޠͷܗଶૉղੳʹ͸ɼ
KyTea (Neubig et al. 2011)Λར༻ͨ͠ɽ೔ຊޠɼӳޠͱ΋ʹɼόΠτϖΞූ߸Խ
ʢbyte pair encodingʣΛ༻͍ͨαϒϫʔυ (Sennrich et al. 2016b)Λ༻͍ͨɽޠኮ
਺͸ 32,000ͱ͠ɼස౓͕ 35ҎԼͷޠኮ͸αϒϫʔυʹ෼ׂͨ͠ɽχϡʔϥϧ

∗https://github.com/moses-smt/mosesdecoder
†https://github.com/moses-smt/mosesdecoder/blob/master/scripts/training/clean-corpus-n.perl
‡https://github.com/moses-smt/mosesdecoder/blob/master/scripts/tokenizer/tokenizer.perl
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ց຋༁ʹ͸ɼτϥϯεϑΥʔϚʔϞσϧػ (Vaswani et al. 2017)ͷΤϯίʔμͱ
σίʔμΛ༻͍ͨɽχϡʔϥϧػց຋༁ͷ࣮૷ʹ͸ Sockeye toolkit (Hieber et al.
2018)Λ༻͍ͨɽֶशɼ຋༁ͱ΋ʹɼNvidia P100 Tesla GPUΛ༻͍ͯࢉܭΛͬߦ
ͨɽຊষͷϞσϧͷֶशʹ͸Adam (Kingma and Ba 2015)Λ optimizerͱͯ͠༻
͍ɼֶश཰͸ 0.0002ͱͨ͠ɽόον಺ͷσʔλ͸ 5, 000τʔΫϯҎ಺ʹͳΔΑ
ΔͨΊɼֶश࣌ͷ֤Τϯίʔμ΁ͷೖྗ͕͋ݶ੍ʹஙͨ͠ɽGPUϝϞϦߏʹ͏
ͷ࠷େ௕͸ 200τʔΫϯʹ੍ͨ͠ݶɽ຋༁࣌ͷ֤Τϯίʔμ΁ͷೖྗͷ࠷େ
௕͸ઃఆ͠ͳ͔ͬͨɽͦͷଞͷϋΠύʔύϥϝʔλͷઃఆ͸ Sockeye toolkitͷ
σϑΥϧτ஋ʹैͬͨɽૣظऴྃʢEarly stoppingʣΛઃఆ͠ɼpatienceͷ஋Λ 32
ͱͨ͠ɽ຋༁࣌͸ɼϏʔϜαʔνΛ༻͍ɼϏʔϜ෯Λ 5ͱͨ͠ɽࣜ 5.3.1ͷϋ
Πύʔύϥϝʔλ k͸ 2ͱͨ͠ɽ຋༁ੑೳͷൺֱʹ͸ɼϥϯμϜγʔυͷҟͳ
Δ̑ͭͷϞσϧΛֶशͯͦ͠ΕͧΕͷϞσϧ͕ग़ྗͨ͠຋༁݁Ռͷ BLEUε
ίΞ (Papineni et al. 2002)ͷதԝ஋Λ༻͍ͨɽBLEUείΞʹ͸ɼcase-insensitive
BLEU-4Λ༻͍ɼmulti-bleu.perl§Ͱͨ͠ࢉܭɽαϯϓϧ਺Λ 10, 000ʹઃఆͨ͠
paired-bootstrap.py¶Λ༻͍ɼBLEUείΞʹ͓͚ΔఏҊख๏ͱଞख๏ͱͷ༗ҙࠩ
ʢ༗ҙਫ४α = 0.05ʣΛௐ΂ͨɽ

4.6 Ռ݁ݧ࣮

4.6.1 ఏҊख๏ͷޮՌ

ද ͔ͨͬߴ΋຋༁ਫ਼౓͕࠷Ͱ༻͍ͨख๏ͷதͰݧՌΛࣔ͢ɽ࣮݁ݧ࣮ʹ4.4
ͷ͸ఏҊख๏Λ༻͍ͨ৔߹Ͱ͋ͬͨɽυϝΠϯλάΛ༻͍ͳ͍χϡʔϥϧػց
຋༁ͷ݁ՌͱͷൺֱͰ͸ɼυϝΠϯλάΛ༻͍ͨख๏͸ɼैདྷख๏ΛؚΊ͍ͣ
Ε΋༗ҙʹ຋༁ਫ਼౓্͕ͨ͠޲∗ɽυϝΠϯλάΛ༻͍ͨख๏ؒͷൺֱͰ͸ɼ
υϝΠϯλάͷछྨΛ૿΍͢͜ͱͰ຋༁ਫ਼౓্͕ͨ͠޲ɽίʔύελάͷΈΛ
༻͍ͨ݁Ռͱൺֱͯ͠ɼϊΠζλάɼ̎ͭͷλάɼఏҊख๏ͷλάΛ༻͍ͨ݁
Ռ͕༗ҙʹ຋༁ਫ਼౓্͕ͨ͠޲ɽϊΠζλάɼ̎ͭͷλάΛ༻͍ͨ݁Ռͱൺֱ
ͯ͠ఏҊख๏ͷ݁Ռͷ຋༁ਫ਼౓͸্͕ͨ͠޲ɼ༗ҙͰ͸ͳ͔ͬͨɽ

4.6.2 υϝΠϯλάͷޮՌͷൺֱ

ຊઅͰ͸ɼυϝΠϯλάΛ༻͍ͨख๏ؒʹ͓͍ͯ෇༩ͨ͠υϝΠϯλάͷޮ
ՌͷൺֱΛɼίʔύεͷಛ௃ͷҧ͍Λ͢࡯ߟʹجΔɽද 4.4ΑΓɼλάແ͠ͱ
ൺֱͯ͠ɼίʔύελάͷ෇༩ʹΑΓBLEUείΞ 2.05ͷ্޲ɼϊΠζλάͷ

§https://github.com/moses-smt/mosesdecoder/blob/master/scripts/generic/multi-bleu-detok.perl
¶https://github.com/neubig/util-scripts/blob/master/paired-bootstrap.py
∗༗ҙਫ४ α = 0.05ɽຊষͰ͸શͯಉ͡ p஋Λར༻ͨ͠ɽ
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υϝΠϯλά BLEUείΞ ∆

λάແ͠ 20.36 -

ίʔύελά (Kobus et al. 2017) 22.41 +2.05

ϊΠζλά (Vaibhav et al. 2019) 24.19 +3.83

̎ͭͷλά (Berard et al. 2019a) 24.25 +3.89

ఏҊख๏ 24.56 +4.20

̓ͭͷλά 24.26 +3.90

ද 4.4: υϝΠϯλάΛ༻͍ͨ೔ӳχϡʔε຋༁ͷ࣮݁ݧՌɽֶशσʔλ͸શख
๏ͱ΋ʹ 1,573,589จରɽ∆͸λάແ͠ͷख๏ͱͷBLEUείΞͷࠩ෼Λࣔ͢ɽ

෇༩ʹΑΓ 3.83ͷ্޲Λ֬ೝͨ͠ɽද 4.3ΑΓɼ྆ऀͷυϝΠϯλάͷҧ͍͸
຋༁ίʔٯ຋༁ίʔύεʹରͯ͠ผͷλάΛ෇༩͍ͯ͠Δ͔Ͳ͏͔Ͱ͋Γɼٯ
ύεʢ಺༰౳Ձʣͱ಺༰౳Ձίʔύεɼ͓Αͼٯ຋༁ίʔύεʢΞϥΠϝϯ
τʣͱࣗಈΞϥΠϝϯτίʔύε͕ͦΕͧΕผͷυϝΠϯͰ͋Δͱ͍͏৘ใ
ʢػց຋༁݁ՌΛ༻͍͍ͯΔ͔Ͳ͏͔ͷ৘ใʣΛ࣋ͬͨυϝΠϯλάΛ෇༩͠
ͯ໌ࣔతʹֶशͤ͞Δ͜ͱͰ຋༁ਫ਼౓্͕ͨ͠޲ͱ͑ߟΒΕΔɽ
̎ͭͷλάΛ༻͍ͨख๏͸ɼϊΠζλάͰٯ຋༁ίʔύεʹ෇༩ͨ͠υϝΠ

ϯλάʢ<BT-CE>ɼ<BT-AA>ʣΛɼ̎ͭͷλάʢ<BT> <CE>ɼ<BT> <AA>ʣʹ
ஔ͖͍ͯ͑׵Δɽ̎ͭͷλάʹஔ͖ͨ͑͜׵ͱʹΑΓɼٯ຋༁ίʔύεʢ಺༰
౳Ձʣͱٯ຋༁ίʔύεʢΞϥΠϝϯτʣ͕ػց຋༁͞ΕͨίʔύεͰ͋Δͱ
͍͏৘ใʹՃ͑ɼͦΕͧΕ಺༰౳ՁίʔύεɼࣗಈΞϥΠϝϯτίʔύεʹ߹
Θͤͯػց຋༁͞ΕͨίʔύεͰ͋Δͱ͍͏৘ใΛ͍࣋ͬͯΔɽ̎ͭͷλάΛ
༻͍ͨख๏͸ɼϊΠζλάΛ༻͍ͨख๏ͱൺֱͯ͠ɼίʔύεͷ࣋ͭ৘ใΛΑ
Γଟ͘දͨ͠ݱυϝΠϯλάͱ͍͑Δ͕ɼ຋༁ਫ਼౓͸BLEUείΞ 3.89ͷ্޲
ͱͳ͓ͬͯΓɼϊΠζλάΛ༻͍ͨख๏ͱൺֱͯ͠ 0.06ͷ্޲ʹͱͲ·ͬͨɽ
ఏҊख๏͸ɼ̎छྨͷλάΛ༻͍ͨख๏ͱൺֱͯ͠ɼ֤ίʔύεʹ̐ͭͷλ

άΛ෇༩͢Δ͜ͱͰٯ຋༁ίʔύεʢ಺༰౳Ձʣͱٯ຋༁ίʔύεʢΞϥΠϝ
ϯτʣͷӳޠଆͷσʔλ͕ݩͷχϡʔεͷӳޠจͰ͋Δͱ͍͏৘ใ͕௥Ճ͞
Ε͍ͯΔɽ຋༁ਫ਼౓͸BLEUείΞ 4.20ͷ্޲ͱͳ͓ͬͯΓɼϊΠζλάΛ༻
͍ͨख๏ͱͷൺֱͰ͸ 0.37ɼ̎छྨͷλάΛ༻͍ͨख๏ͱͷൺֱͰ͸ 0.31ͱ
ͳͬͨɽ
޲ՌΑΓɼυϝΠϯλάͷ਺Λ૿΍ͤ͹૿΍͢΄Ͳ຋༁ਫ਼౓͕݁ݧͷ࣮ه্

্͕ͨ͠ɼίʔύεʹ෇༩͢Δλάͷҧ͍ʹΑΔ຋༁ਫ਼౓ͷ্޲ͷఔ౓͸ҟ
ͳ͓ͬͯΓɼ຋༁ਫ਼౓ͷدʹ্޲༩͢Δλάͷछྨ͸ݶఆతͰ͋Δͱ͑ߟΒΕ
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Δɽͦ͜Ͱɼίʔύεͷಛ௃Λྀͣͤߟʹɼ༻͍ͨ̐ͭͷίʔύεͷશͯͷ૊
Έ߹ΘͤͷλάΛ෇༩ͯ͠ಉ༷ͷ຋༁࣮ݧΛͨͬߦɽ֤ίʔύεʹ෇༩ͨ͠λ
ά͸̓ͭͰ͋Δ†ɽද 4.4ͷ࣮݁ݧՌΑΓɼ̓ͭͷλάΛ༻͍ͨ৔߹ͷBLEUε
ίΞ͸ 24.26ͱͳΓɼఏҊख๏ͱൺֱͯ͠຋༁ਫ਼౓͸௿Լͨ͠ɽ
Ҏ্ΑΓɼ຋༁ਫ਼౓Λ্ͤ͞޲ΔͨΊʹ͸ίʔύεͷಛ௃Λྀͨ͠ߟλάΛ

෇༩͢Δඞཁ͕͋Δ͜ͱ͕ࣔࠦ͞ΕΔɽ

4.6.3 υϝΠϯλάΛߦΘͳ͍৔߹ʹ͓͚Δಛ௃ͷҧ͏ίʔύε

ͷ௥ՃͷޮՌ

4.6.1અͱ 4.6.2અͰ͸ɼυϝΠϯλάΛ༻͍ͳ͍ख๏ͷֶशσʔλͱͯ͠ɼ
຋༁ର৅ͷυϝΠϯͰ͋ΔΠϯυϝΠϯͱ຋༁ର৅ͷυϝΠϯͰ͸ͳ͍Ξ΢
τΦϒυϝΠϯͷ྆ํͷର༁σʔλΛ༻͍͕ͨɼΞ΢τΦϒυϝΠϯͷσʔλ
Λ௥Ճͨ͜͠ͱʹΑΓ຋༁ਫ਼౓͕௿Լ͍ͯ͠ΔՄೳੑ͕͋Δɽͦ͜ͰɼຊઅͰ
͸ɼυϝΠϯλάΛ༻͍ͳ͍ख๏Λ༻͍ɼΠϯυϝΠϯͰ͋Δ಺༰౳Ձίʔύ
εΛϕʔεʹΞ΢τΦϒυϝΠϯͷίʔύεΛֶशσʔλʹ௥Ճֶͯ͠श͢Δ
͜ͱͰ຋༁ਫ਼౓্͕͢޲Δ͔Ͳ͏͔Λ֬ೝ͢Δɽද 4.2ʹ͋Δ̐ͭͷίʔύε
͔ΒɼΠϯυϝΠϯͷ಺༰౳ՁίʔύεͷΈɼΠϯυϝΠϯͷ಺༰౳Ձίʔύ
εʹΞ΢τΦϒυϝΠϯͷࣗಈΞϥΠϝϯτίʔύεΛ௥Ճͨ͠ίʔύεɼΠ
ϯυϝΠϯͷ಺༰౳ՁίʔύεʹΞ΢τΦϒυϝΠϯͷࣗಈΞϥΠϝϯτίʔ
ύεͱٯ຋༁ίʔύεʢ಺༰౳ՁʣɼʢΞϥΠϝϯτʣΛ௥Ճͨ͠ίʔύεɼͷ
̏छྨͷίʔύεΛͦΕͧΕߏஙͯ͠຋༁ϞσϧΛֶश͠ɼ຋༁ਫ਼౓Λ֬ೝ͠
ͨɽߟࢀͷͨΊɼΞ΢τΦϒυϝΠϯͷࣗಈΞϥΠϝϯτίʔύεͷΈͰ຋༁
ϞσϧΛֶशͨ͠৔߹ͷ຋༁ਫ਼౓΋֬ೝͨ͠ɽ
ද 4.5ʹ݁ՌΛࣔ͢ɽ಺༰౳ՁίʔύεͷΈΛ༻͍ͨ৔߹ͷ຋༁ਫ਼౓͸ 20.93

ͷBLEUείΞͰ͋ͬͨͷʹରͯ͠ɼࣗಈΞϥΠϝϯτίʔύεɼٯ຋༁ίʔ
ύεΛ௥Ճ͢Δ͜ͱͰ຋༁ਫ਼౓͕௿Լ͢Δ͜ͱΛ֬ೝͨ͠ɽࣗಈΞϥΠϝϯτ
ίʔύεͷΈΛ༻͍ͨ৔߹ͷBLEUείΞ͸ 10.30Ͱ͋Γɼ಺༰౳Ձίʔύε
ͷΈΛ༻͍ͨ৔߹ͱൺֱͯ͠ɼ10Ҏ্ͷBLEUείΞͷ௿ԼΛ֬ೝͨ͠ɽ
Ҏ্ΑΓɼυϝΠϯλάΛ༻͍ͳ͍৔߹͸ɼಉ͡δϟϯϧͷର༁σʔλʢຊ

ষͰ͸೔ӳχϡʔεͷର༁σʔλΛར༻ʣͰ͋ͬͯ΋ɼಛ௃ͷҧ͏σʔλΛՃ
͑Δ͜ͱͰ຋༁ਫ਼౓͕௿Լ͢Δ৔߹͕͋Δ͜ͱΛ֬ೝͨ͠ɽ

†̍̐ʢ4C1 +4 C2 +4 C3ʣͷλά͔Β̓ͭͷλάΛ෇༩͢Δɽ
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ֶशʹ༻͍ͨίʔύε σʔλ਺ BLEUείΞ

಺༰౳Ձίʔύε 0.22M 20.93

಺༰౳ՁίʔύεʴࣗಈΞϥΠϝϯτίʔύε 0.51M 20.68

಺༰౳ՁίʔύεʴࣗಈΞϥΠϝϯτίʔύε 1.57M 20.36

ʴٯ຋༁ίʔύεʢ಺༰౳ՁʣɼʢΞϥΠϝϯτʣ

ࣗಈΞϥΠϝϯτίʔύε 0.29M 10.30

ද 4.5: υϝΠϯλάΛ༻͍ͳ͔ͬͨ೔ӳχϡʔε຋༁ͷ࣮݁ݧՌɽΠϯυϝΠ
ϯͷίʔύε͸಺༰౳ՁίʔύεɽΞ΢τΦϒυϝΠϯͷίʔύε͸ࣗಈΞϥ
Πϝϯτίʔύεͱٯ຋༁ίʔύεɽ

4.6.4 ΠϯυϝΠϯͷσʔλ਺ͷҧ͍ʹΑΔఏҊख๏ͷޮՌ

4.6.2અͰࣔͨ͠Α͏ʹɼຊ࣮ݧͰ͸ɼίʔύεͷಛ௃Λྀͯ͠ߟλάΛ૿
΍͢ఏҊख๏ʹΑΓ຋༁ਫ਼౓͸্͕ͨ͠޲ɼ̓ͭͷλάΛ༻͍ͨ৔߹͸຋༁
ਫ਼౓্͕͠޲ͳ͔ͬͨɽ͜Ε͸ɼλάΛ૿΍͢͜ͱͰσʔλεύʔεωεͷ
໰୊͕ൃੜͨͨ͠Ίͩͱ͑ߟΒΕΔɽͦ͜ͰɼσʔλεύʔεωεʹΑΔ຋
༁ਫ਼౓ͷ௿Լ͕ఏҊख๏Ͱ΋͜ىΓಘΔ͔Ͳ͏͔Λ֬ೝ͢ΔͨΊʹɼΠϯ
υϝΠϯͷσʔλ਺ΛݮΒ͢͜ͱͰσʔλεύʔεωε͕ൃੜ͠΍͍͢ঢ়
͸ɼදʹݧɽ࣮ͨͬߦΛݧΓɼλάແ͠ͱఏҊख๏ͷ࣮࡞Λگ 4.2ͷΠϯυϝ
Πϯͷ಺༰౳Ձίʔύεͷσʔλʢ૯σʔλ਺͸ 220, 180ʣ͔ΒϥϯμϜʹ
100K, 50K, 10K, 5K, 1KͣͭΛநग़ͨ͠σʔλΛ༻͍ͨɽ
ද Β͍ͯ͘͠ʹͭΕͯɼݮՌΛࣔ͢ɽΠϯυϝΠϯͷσʔλΛ݁ݧ࣮ʹ4.6

຋༁ਫ਼౓͸Լ͕͕ͬͨɼλάແ͠ͱൺֱͯ͠຋༁ਫ਼౓͕௿͘ͳΔ͜ͱ͸ͳ͔ͬ
ͨɽ·ͨɼBLEUείΞͷࠩ෼஋͸ɼΠϯυϝΠϯͷσʔλ਺Λ 220K͔Β 5K
·Ͱগͳͯ͘͠΋େ͖͘มΘΒͳ͔ͬͨɽΠϯυϝΠϯͷσʔλΛ 1Kʹͨ͠
৔߹ͷࠩ෼͸ +2.57ͱͳΓɼ຋༁ਫ਼౓ͷ্޲෯͸খ͘͞ͳͬͨɽ೔ӳχϡʔε
ίʔύεΛ༻͍ͨຊ࣮ݧԼͰ͸λάΛ෇༩͢Δ͜ͱͰλάແ͠ͱൺֱͯ͠຋
༁ਫ਼౓͕௿Լ͢Δ͜ͱ͸ͳ͘ɼఏҊख๏Ͱ͸σʔλεύʔεωεʹΑΔ຋༁ਫ਼
౓ͷ௿Լ͸͜ىΓʹ͍͘ͱ͑ߟΒΕΔ͕ɼΞ΢τΦϒυϝΠϯͷσʔλͷ࣭ʹ
Αͬͯ͜ͷ޲܏͸มΘΔՄೳੑ͕͋Δɽ

4.6.5 ΠϯυϝΠϯͱΞ΢τΦϒυϝΠϯͷσʔλͷ෼ੳ

4.2અͰࣔͨ͠௨ΓɼΞ΢τΦϒυϝΠϯͷσʔλʹ͸ϊΠζؚ͕·Ε͍ͯ
Δ͕ɼͲͷఔ౓ͷϊΠζؚ͕·Ε͍ͯΔ͔͸໌Β͔Ͱ͸ͳ͍ɽͦ͜ͰɼຊઅͰ
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σʔλ਺

υϝΠϯλά 220K 100K 50K 10K 5K 1K

λάແ͠ 20.36 18.30 17.01 14.75 14.34 14.31

ఏҊख๏ 24.56 22.20 21.33 19.03 18.22 16.88

∆ +4.20 +3.90 +4.32 +4.28 +3.88 +2.57

ද 4.6: ֶशʹ༻͍ͨΠϯυϝΠϯʢ಺༰౳Ձίʔύεʣͷσʔλ਺ͷҧ͍ʹΑ
ΔఏҊख๏ͷ೔ӳχϡʔε຋༁ͷ࣮݁ݧՌɽ220K͸ݩͷΠϯυϝΠϯͷσʔ
λશͯΛ༻͍ͨ৔߹ͷ࣮݁ݧՌɽ∆͸λάແ͠ͱͷࠩ෼Λࣔ͢ɽ

͸ɼΞ΢τΦϒυϝΠϯͷதͷ̍υϝΠϯʹ߹Θͤͯػց຋༁ͨ݁͠ՌΛ༻͍
ͯΞ΢τΦϒυϝΠϯͷσʔλͷ࣭Λ෼ੳ͢Δ‡ɽυϝΠϯλάΛ༻͍ͨख๏
ʹ͸ɼ࠷΋຋༁ਫ਼౓ͷ͔ͨͬߴఏҊख๏Λ༻͍ͨɽຊষͰ͸಺༰౳Ձίʔύε
ΛΠϯυϝΠϯͷσʔλɼࣗಈΞϥΠϝϯτίʔύεͱٯ຋༁ίʔύεΛΞ΢
τΦϒυϝΠϯͷσʔλͱ͕ͨ͠ɼຊઅͰ͸Ξ΢τΦϒυϝΠϯͷσʔλͷ͏
ͪਓखͰฤूͯ͠຋༁͞Εͨσʔλؚ͕·ΕΔࣗಈΞϥΠϝϯτίʔύεʹ
߹Θͤͯػց຋༁ͨ͠§ɽֶशσʔλɼ͓Αͼςετηοτʹ͸ɼ4.5.1અͰࣔ͠
ͨσʔλΛ༻͍ͨɽධՁई౓ʹ͸ɼBLEUείΞʹՃ͑ɼਓखධՁΛ࣮ͨ͠ࢪɽ
ਓखධՁ͸ɼςετηοτ 2, 000จରͷ͏ͪϥϯμϜʹநग़ͨ͠ 300จʹର͠
ͯ༁ൈ͚ͱա৒༁ؚ͕·ΕΔ୯ޠ਺ΛධՁऀ໊͕̍Χ΢ϯτͨ͠ɽ
ද ՌΛࣔ͢ɽΞ΢τΦϒυϝΠϯʢࣗಈΞϥΠϝϯτίʔύεʣ݁ݧ࣮ʹ4.7

ͷಛ௃ʹ߹Θͤͯ຋༁ͨ͠৔߹ͷBLEUείΞ͸ 23.21ͱͳΓɼΠϯυϝΠϯ
ʢ಺༰౳Ձίʔύεʣͷಛ௃ʹ߹Θͤͯ຋༁ͨ͠৔߹ͷBLEUείΞͱͷࠩ෼
͸ 1.35ͱͳͬͨɽ·ͨɼਓखධՁͷ݁ՌΑΓɼ༁ൈ͚ͱա৒༁ͷ਺͕ͦΕͧΕ
ࣗಈΞϥΠϝϯτίʔύεͷಛ௃ʹ߹Θͤͯ຋༁͢Δ͜ͱͰ૿Ճ͓ͯ͠Γɼ͜
ͷ૿Ճ͕BLEUείΞͷࠩʹӨ͍ͯ͠ڹΔͱ͑ߟΒΕΔɽҎ্ΑΓɼࣗಈΞϥ
Πϝϯτίʔύε͸ɼ༁ൈ͚ͱա৒༁ΛؚΜͩίʔύεͰ͋Δ͜ͱ͕֬ೝͰ͖
ͨɽ͜ͷಛ௃͸ࣗಈΞϥΠϝϯτͷΞϥΠϝϯτΤϥʔʹΑΔՄೳੑ΋͋Δ
͕ɼਓखͰฤूͯ͠຋༁͢Δࡍʹ͸Ұఆͷ৘ใͷ௥Ճ΍࡟আ͕͋Δ͜ͱ͕ࣔࠦ
͞ΕΔɽ
ΑΓৄࡉͳ෼ੳͷͨΊɼΠϯυϝΠϯʢ಺༰౳ՁίʔύεʣͱΞ΢τΦϒυ

‡ຊདྷ͸༻͍ͨର༁σʔλࣗ਎ΛਓखͳͲͰൺֱɾ෼ੳ͢Δඞཁ͕͋Δ͕ɼίʔύεؒͰ
຋༁ݩͷσʔλ͕ҧ͓ͬͯΓɼີݫͳൺֱ͕೉͍ͨ͠ΊɼಉҰͷχϡʔεσʔλʢςετηο
τʣΛΠϯυϝΠϯɼΞ΢τΦϒυϝΠϯͦΕͧΕʹ߹Θͤͯػց຋༁ͨ݁͠ՌΛൺֱͯ͠
෼ੳ͢Δɽ
§ද 4.3ͷࣗಈΞϥΠϝϯτίʔύεͷఏҊख๏ͷλάʢ<NS-S> <NS-T> <NO-BT> <AN>ʣ

Λ෇༩ͯ͠຋༁ͨ͠ɽ
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ਓखධՁ

BLEU ༁ൈ͚ ա৒༁

ΠϯυϝΠϯ 24.56 4.27 1.44

ʢ಺༰౳Ձίʔύεʹ߹Θͤͯ຋༁ʣ

Ξ΢τΦϒυϝΠϯ 23.21 18.40 9.39

ʢࣗಈΞϥΠϝϯτίʔύεʹ߹Θͤͯ຋༁ʣ

ද 4.7: ఏҊख๏Λ༻͍ͯΠϯυϝΠϯʢ಺༰౳Ձίʔύεʣɼ͓ΑͼΞ΢τΦ
ϒυϝΠϯʢࣗಈΞϥΠϝϯτίʔύεʣͷಛ௃ʹͦΕͧΕ߹Θͤͯػց຋༁
ʹՌɽֶशσʔλ͸ͱ΋݁ݧ࣮ͨ͠ 1,573,589จରɽBLEUείΞ͸ςετηο
τ 2, 000จɼਓखධՁ͸ςετηοτ͔ΒϥϯμϜʹநग़ͨ͠ 300จΛର৅ʹ
ධՁͨ͠ɽਓखධՁͷ݁Ռ͸ 100୯͝ޠͱͷฏۉ஋Λࣔ͢ɽ

ϝΠϯʢࣗಈΞϥΠϝϯτίʔύεʣɼͦΕͧΕͷಛ௃ʹ߹Θͤͯػց຋༁͠
ͨ݁ՌྫΛද 4.8ʹࣔ͢ɽ#1ͱ #2͸ࣗಈΞϥΠϝϯτίʔύεͷಛ௃ʹ߹Θͤ
ց຋༁ͨ݁͠Ռʹ༁ൈ͚͕ੜͨ͡ྫɼ#3͸ࣗಈΞϥΠϝϯτίʔύεͷػͯ
ಛ௃ʹ߹Θͤͯػց຋༁ͨ݁͠Ռʹա৒༁͕ੜͨ͡ྫͰ͋Δɽ#1Ͱ͸ɼ૊৫໊
ͷུশͱ஍Ҭͷ໊͕ࠃ༁ൈ͚͠ɼ#2Ͱ͸ɼ೔ຊޠจͷલ൒෦෼͕༁ൈ͚͍ͯ͠
Δɽ#3Ͱ͸ɼ๺ւಓɼ౦๺ɼۙـͳͲͷ஍Ҭ໊ʹิ଍৘ใ͕ա৒༁ͱͯ͠຋༁
݁Ռʹ༙͖ग़͍ͯΔɽ͜ΕΒͷ༁ൈ͚΍ա৒༁͸ਓखͰฤूͯ͠຋༁͢Δࡍ
ͷಛ௃Ͱ͋Γɼ͜ΕΒͷಛ௃Λ൓өͨ͠຋༁݁Ռ͕ੜ੒͞Ε͍ͯΔͱ͑ߟΒ
ΕΔɽ

4.7 ·ͱΊ
ຊষͰ͸ɼ຋༁ର৅Ͱ͸ͳ͍υϝΠϯʢΞ΢τΦϒυϝΠϯʣͷίʔύεΛ

ΔͨΊʹෳ਺ͷυϝΠϯλ্ͤ͞޲ց຋༁ͷ຋༁ਫ਼౓Λػχϡʔϥϧͯ͠༺׆
άΛ༻͍ͨख๏ΛఏҊͨ͠ɽޠݴݪଆʢ೔ຊޠʣͷχϡʔεσʔλΛ̍จ͝ͱ
ʹ಺༰͕౳ՁʹͳΔΑ͏ʹ຋༁ͨ͠ର༁σʔλͷίʔύεʢ಺༰౳Ձίʔύ
εʣɼޠݴݪଆʢ೔ຊޠʣͱ໨తޠݴଆʢӳޠʣͷχϡʔεσʔλಉ࢜Λࣗಈ
Ͱจ୯ҐͰରԠ͚ͮͨ͠ର༁σʔλͷίʔύεʢࣗಈΞϥΠϝϯτίʔύεʣɼ
໨తޠݴଆʢӳޠʣͷχϡʔεσʔλΛػց຋༁Ͱޠݴݪʢ೔ຊޠʣʹ຋༁͠
ͨର༁σʔλͷίʔύεʢٯ຋༁ίʔύεʢ಺༰౳Ձʣͱٯ຋༁ίʔύεʢΞ
ϥΠϝϯτʣͷ 2छྨͷίʔύεʣɼͷ߹̐ܭछྨͷ೔ӳχϡʔείʔύεΛ
༻͍ͯ೔ӳχϡʔεػց຋༁ͷ࣮ݧΛ͍ߦɼίʔύεͷಛ௃Λྀͯ͠ߟෳ਺ͷ
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#1

೔ຊޠจ ΞδΞ։ൃۜߦʢ̖̙̗ʣͷ೥࣍૯ձͳͲҰ࿈ͷࡍࠃ

ձ͕݄ٞ̑̎೔ɺϑΟϦϐϯͷϚχϥͰ࢝·Δɻ

຋༁݁Ռ A series of international meetings including the annual meeting

ʢΠϯυϝΠϯʣ of the Asian Development Bank (ADB) will start on May 2

in Manila, Philippines.

຋༁݁Ռ A series of international meetings, including an annual meeting

ʢΞ΢τΦϒυϝΠϯʣ of the Asian Development Bank, will start in Manila on May 2.

#2

೔ຊޠจ ৽װઢ͸ंମܰྔԽͷޮՌ΋͋ΓɺߴՍڮ΍మڮͰ

ͳ͍ɻ͍͔ͯͬͭݟͷͱ͜Ζࠓͳଛই͸ࠁਂ

຋༁݁Ռ The Shinkansen has the effect of reducing body weight, and

ʢΠϯυϝΠϯʣ so far no serious damage has been found on elevated bridges

and iron bridges.

຋༁݁Ռ So far, no serious damage has been found on elevated tracks

ʢΞ΢τΦϒυϝΠϯʣ and bridges.

#3

೔ຊޠจ ౦ւɾதݍژͱ๺ւಓɺ౦๺͸͍ͣΕ΋ܻ̎૿ɺ

͸ඍ૿ͱͳͬͨɻݍـۙ

຋༁݁Ռ The Tokai and Chukyo regions, Hokkaido and Tohoku saw

ʢΠϯυϝΠϯʣ double-digit growth, and the Kinki region saw a slight

increase.

຋༁݁Ռ The Tokai-Chukyo central region and the northernmost

ʢΞ΢τΦϒυϝΠϯʣ prefecture of Hokkaido and the Tohoku northeastern

region saw double-digit growth, while the Kinki western

region saw a slight increase.

ද 4.8: ຋༁݁ՌྫɽΠϯυϝΠϯ͸಺༰౳Ձίʔύεͷಛ௃ʹɼΞ΢τΦϒ
υϝΠϯ͸ࣗಈΞϥΠϝϯτίʔύεͷಛ௃ʹɼͦΕͧΕ߹Θͤͯػց຋༁͠
ͨ݁ՌΛࣔ͢ɽ

υϝΠϯλάΛ෇༩͢ΔఏҊख๏ͷޮՌΛ֬ೝͨ͠ɽޙࠓͷ՝୊ͱͯ͠ɼ຋༁
ਫ਼౓دʹ্޲༩͢ΔυϝΠϯλάͷબఆख๏ͷݕ౼͕͋Δɽ·ͨɼଞͷσʔλ
ηοτΛ༻͍࣮ͨݧΛ͍ߦɼΞ΢τΦϒυϝΠϯͷσʔλͷ࣭ͱఏҊख๏ͷޮ
Ռͱͷؔ࿈ੑΛ໌Β͔ʹ͢Δඞཁ΋͋Δɽ
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ୈ5ষ

໨తޠݴଆͷલจΛ༻͍ͨจ຺৘ใߟ
ց຋༁ػχϡʔϥϧܕྀ

ຊষͰ͸ɼจ຺৘ใܕྀߟχϡʔϥϧػց຋༁Λѻ͏ɽจ຺৘ใܕྀߟχϡʔ
ϥϧػց຋༁ͱ͸ɼ຋༁ର৅ͷจʹՃ͑ͯจ຺ͷ৘ใΛ༻͍ͯ຋༁Λ͏ߦ
χϡʔϥϧػց຋༁ͷ͜ͱͰ͋Δɽલষͷχϡʔϥϧػց຋༁͸຋༁ର৅ͷจ
ͷΈΛ༻͍ͨϞσϧͰ͋ͬͨͷʹର͠ɼຊষ͕ѻ͏จ຺৘ใܕྀߟχϡʔϥϧ
ʹϞσϧͰ͋Δɽจ຺ͷ৘ใͨ͠༺׆ց຋༁͸຋༁ର৅Ҏ֎ͷ֎෦৘ใΛػ
͸ɼ຋༁ݩͷޠݴʢޠݴݪʣ΍຋༁ઌͷޠݴʢ໨తޠݴଆʣͷ຋༁ର৅ͷपล
ͷจΛ༻͍Δ͜ͱ͕ଟ͘ɼ໨తޠݴଆͷपลͷจΛ༻͍Δख๏͸຋༁ਫ਼౓͕Լ
͕Δ͜ͱ͕ใ͞ࠂΕ͍ͯΔɽ͔͠͠ɼ຋༁݁Ռͷจ຤දݱɼ༁ޠͷ౷Ұɼ຋༁
݁Ռͷθϩ୅໊ࢺͷਪఆͳͲΛ࣮͢ݱΔͨΊʹ͸ɼ໨తޠݴଆͷपลͷจͷ৘
ใͷར༻͕༗ޮͰ͋Δͱ͑ߟΒΕΔɽͦ͜Ͱɼ໨తޠݴଆͷલจΛจ຺৘ใͱ
ͯ͠༻͍ͯχϡʔϥϧػց຋༁ͷਫ਼౓Λ্͢޲Δख๏ΛఏҊ͢Δɽ໨తޠݴଆ
ͷલจΛจ຺৘ใͱͯ͠ར༻ͨ͠ैདྷͷจ຺ܕྀߟχϡʔϥϧػց຋༁͸ɼֶ
श࣌͸໨తޠݴଆͷલจͷࢀর༁Λ༻͍ɼ຋༁࣌͸໨తޠݴଆͷલจͷػց຋
༁݁ՌΛ༻͍͓ͯΓɼֶश࣌ͱ຋༁࣌ͱͰಛ௃͕ҧ͏֎෦σʔλΛ༻͍͍ͯΔ
͜ͱ͕຋༁ਫ਼౓ͷ௿ԼͷݪҼͰ͋Δͱ͑ߟΒΕΔɽຊষͰ͸ɼֶश࣌ͱ຋༁࣌
ͱͰ༻͍Δ໨తޠݴଆͷจ຺৘ใͷಛ௃ͷҧ͍ʹΑΔӨڹΛ؇࿨͢ΔͨΊʹɼ
ֶश࣌ʹ༻͍Δ໨తޠݴଆͷจ຺৘ใΛֶशͷਐߦʹԠͯ͡ࢀর༁͔Βػց຋
༁݁Ռ΁ஈ֊తʹ੾Γସ͍͑ͯ͘ख๏ΛఏҊ͢Δɽ࣌ࣄ௨৴ࣾͷχϡʔείʔ
ύεΛ༻͍ͨӳ೔ɾ೔ӳػց຋༁λεΫͱɼIWSLT2017ͷTEDτʔΫίʔύε
Λ༻͍ͨӳ೔ɾ೔ӳɼ͓Αͼӳಠɾಠӳػց຋༁λεΫͷධՁ࣮ݧʹΑΓɼै
དྷͷ໨తޠݴଆͷจ຺Λར༻ͨ͠ػց຋༁Ϟσϧͱൺֱͯ͠ɼ຋༁ਫ਼౓্͕޲
͢Δ͜ͱΛ֬ೝͨ͠ɽ
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5.1 ͸͡Ίʹ
χϡʔϥϧػց຋༁͸௨ৗɼޠݴݪҰจΛೖྗͯ͠໨తޠݴ΁ͷ຋༁݁Ռ

Λग़ྗ͢Δ͕ɼ͞Βʹ຋༁ਫ਼౓Λ্͛ΔͨΊʹ຋༁ର৅ͷपลͷจΛจ຺
৘ใͱͯ͠׆༻͢Δख๏͕͋Δ (Maruf et al. 2019; Voita et al. 2019; Agrawal et al.
2018; Bawden et al. 2018; Kuang et al. 2018; Läubli et al. 2018; Miculicich et al. 2018;
Tiedemann and Scherrer 2017; Wang et al. 2017)ɽຊষͰ͸ɼಛʹ໨తޠݴଆͷલ
จΛ׆༻ͨ͠χϡʔϥϧػց຋༁ͷվળख๏ΛఏҊ͢Δɽจ຺৘ใΛ༻͍Δख
๏ʹ͸ޠݴݪଆ΍໨తޠݴଆͷपลͷจΛ༻͍Δख๏͕͋Δ͕ɼจ຺৘ใʹ
໨తޠݴଆͷपลͷจΛ༻͍Δख๏͸຋༁ਫ਼౓͕Լ͕Δ͜ͱ͕ใ͞ࠂΕ͍ͯ
Δ (Bawden et al. 2018)ɽ͜ͷ຋༁ਫ਼౓ͷ௿Լ͸ɼ຋༁Ϟσϧͷֶश࣌ͱ຋༁࣌
Ͱ༻͍Δपลͷจͷಛ௃ͷҧ͍͕ݪҼͷ̍ͭͱ͑ߟΒΕΔɽैདྷڀݚͰ͸ɼֶ
श࣌͸໨తޠݴଆͷपลͷจͷࢀর༁Λ࢖༻͠ɼ຋༁࣌͸຋༁ϞσϧʹΑͬͯ
ੜ੒͞Εͨػց຋༁݁ՌΛ༻͍͍ͯΔ͕ɼػց຋༁݁Ռʹ͸ɼࢀর༁ʹ͸ؚ·
Εͳ͍༁ൈ͚ɼա৒༁ɼޡ༁ͳͲͷػց຋༁ಛ༗ͷޡΓʢػց຋༁ޡΓʣؚ͕
·ΕΔՄೳੑ͕͋Δɽ·ͨɼػց຋༁ޡΓ͕ແ͍৔߹Ͱ΋ɼػց຋༁݁Ռ͸ɼ
຋༁ௐʢTranslationeseʣͱݺ͹ΕΔภΓͷ͋Δจͱͳ͍ͬͯΔɽToral (2019)͸ɼ
ʹΒΕͨ຋༁จͱൺֱͯ͠୯७Ͱඪ४తͳ຋༁࡞ց຋༁݁Ռ͕ਓख຋༁Ͱػ
ͳΔ͕͋޲܏Δ͜ͱΛ͍ࣔͯ͠Δɽֶश࣌ͱ຋༁࣌ͱͰ༻͍Δपลͷจಛ௃͕
ҧ͏͜ͱ͸ɼ1.3અͰֶࣔͨ͠श࣌ͱ຋༁࣌ͱͷؒͷಛ௃ͷҧ͍Λ෼ྨͨ̐͠
ͭͷ؍఺ͷ͏ͪʮ(d)֎෦৘ใʢ຋༁ର৅ͱ͸ผͷೖྗσʔλʣʯͷಛ௃ͷҧ͍
ʹ֘౰͍ͯ͠Δɽֶश࣌ͱ຋༁࣌Ͱಛ௃͕ҧ͏σʔλΛ༻͍Δ͜ͱͰੜ͡Δ
ϞσϧͷภΓ͸ɼ࿐ग़όΠΞεʢexposure biasʣͱݺ͹Ε͓ͯΓ (Ranzato et al.
2016)ɼ຋༁඼࣭ͷ௿Լʹ͕ܨΔ͜ͱ͕ใ͞ࠂΕ͍ͯΔ (Zhang et al. 2019)ɽ໨
తޠݴଆͷपลͷจͷར༻ʹ͓͍ͯɼֶश࣌ʹࢀর༁Λ༻͍ɼ຋༁࣌ʹػց
຋༁ޡΓΛؚΈɼ຋༁ௐͷಛ௃Λ༗͢Δػց຋༁݁ՌΛ༻͍Δ͜ͱ͸ɼ࿐ग़
όΠΞεʢexposure biasʣʹΑΔ຋༁௿ԼΛҾ͖͢͜ىͱ͑ߟΒΕΔɽԼهͷ
(a)ɼ(c)ɼ(d)͸ɼIWSLT2017 (Cettolo et al. 2017)Ͱఏ͞ڙΕ͍ͯΔ೔ӳର༁σʔ
ληοτ (Cettolo et al. 2012)͔Βநग़ͨ͠σʔλྫͰ͋Δɽ຋༁ର৅ͷޠݴݪจ
(c)ɼ຋༁ର৅ͷࢀর༁ (d)ɼ຋༁ର৅ͷػց຋༁݁Ռ (e)ʹՃ͑ɼจ຺৘ใͱ͠
ͯɼલจͷࢀর༁ (a)ͱػց຋༁݁Ռ (b)Λ͍ࣔͯ͠Δɽػց຋༁݁Ռ͸ɼ೔ӳ
ର༁σʔληοτΛτϥϯεϑΥʔϚʔϞσϧ (Vaswani et al. 2017)Ͱֶशͨ͠
Λ༻͍ͯ຋༁ͨ͠ɽثց຋༁ػ

(a)ɹલจͷࢀর༁ɿ She lays eggs, she feeds the larvae – so an ant starts as an egg,
then it’s a larva.

(b)ɹલจͷػց຋༁݁Ռɿ And when they get their eggs, they get their eggs, and
the queen is there.

(c)ɹ຋༁ର৅ͷޠݴݪจɿࢷ๱Λు͖ग़ͯ͠༮஬Λҭͯ·͢
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(d)ɹ຋༁ର৅ͷࢀর༁ɿShe feeds the larvae by regurgitating from her fat reserves.
(e)ɹ຋༁ର৅ͷػց຋༁݁Ռɿ They take fat and they raise the larvae of their

larvae.

຋༁ର৅ͷޠݴݪจ (c)Ͱ͸ओ͕ޠলུ͞Ε͍ͯΔͨΊɼ͜ͷจͷΈͰओޠΛ
ਪఆ͢Δ͜ͱ͕Ͱ͖ͣࢀর༁ (d)Λੜ੒͢Δ͜ͱ͸ࠔ೉Ͱ͋Δɽ຋༁ର৅ͷػ
ց຋༁݁Ռ (e)Ͱ͸ɼ“she”Ͱ͸ͳͨͬ͘ޡओޠ “They”Λ༻͍ͯ຋༁͞Ε͍ͯ
Δɽ͔͠͠ɼલจͷࢀর༁ (a)ɼ·ͨ͸ػց຋༁݁Ռ (b)ʹ͸ओޠΛਪఆ͢Δ৘
ใʢࢀর༁ʹ͸ “she”ɼػց຋༁݁Ռʹ͸ “queen”ʣؚ͕·Ε͓ͯΓɼ໨తޠݴ
ଆͷલจΛ͜͏࢖ͱͰਖ਼͍͠຋༁͕Ͱ͖ΔՄೳੑ͕͋ΔɽҰํͰɼલจͷࢀর
༁ (a)ͱػց຋༁݁Ռ (b)Λൺֱ͢Δͱػց຋༁݁Ռʹ͸ޡ༁ؚ͕·Ε͓ͯΓɼ
ࢀ༁ͷͳ͍ޡց຋༁݁Ռͱͷؒʹಛ௃ͷҧ͍͕͋Δ͜ͱ͕෼͔Δɽػর༁ͱࢀ
র༁ͷΈΛจ຺৘ใͱֶͯ͠शͨ͠຋༁Ϟσϧ͸จ຺ʹؚ·ΕΔޡ༁ʹ݈ؤͰ
ͳ͍ͱ͑ߟΒΕɼࢀর༁ͱػց຋༁Λֶश࣌ͱ຋༁࣌Ͱผʑʹ༻͍Δख๏͸࿐
ग़όΠΞεʢexposure biasʣʹΑΔ຋༁ਫ਼౓௿ԼΛҾ͖͢͜ىՄೳੑ͕͋Δɽ
ຊষͰ͸ɼ໨తޠݴଆͷจ຺͔Β໨తޠݴଆͷલจΛ༻͍ͨจ຺৘ใܕྀߟ

χϡʔϥϧػց຋༁Λର৅ʹ͢Δ∗ɽ্هͷ຋༁ਫ਼౓௿Լͷ໰୊ʹର͠ɼεέ
δϡʔϧυαϯϓϦϯά๏ (Bengio et al. 2015)Λߟࢀʹֶͯ͠श࣌ͱ຋༁࣌ͷ໨
తޠݴଆͷલจͷಛ௃ͷҧ͍ͷӨڹΛ؇࿨͢ΔͨΊͷֶशσʔλ੍ޚख๏Λఏ
Ҋ͢Δɽ۩ମతʹ͸ɼॳظͷֶशͰ͸ैདྷख๏ͱಉ༷ʹจ຺৘ใͱͯ͠໨తݴ
র༁͔ࢀʹΔʹͭΕͯɼஈ֊త͢ߦর༁ͷΈΛ༻͍ɼֶश͕ਐࢀʹଆͷલจޠ
Βػց຋༁݁Ռ΁੾Γସ͑Δɽ͜ͷॲཧʹΑΓɼ຋༁Ϟσϧ͕ػց຋༁ޡΓʹ
ց຋༁݁ػ଴Ͱ͖ΔɽظͳΓɼ຋༁ௐͷಛ௃ʹରԠͰ͖ΔΑ͏ʹͳΔͱʹ݈ؤ
Ռ͸ɼର༁σʔλΛτϥϯεϑΥʔϚʔϞσϧͰֶशͨ͠ػց຋༁ثͰੜ੒͢
Δɽ࣮ݧͰ͸ɼఏҊख๏Λ݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ (Bawden
et al. 2018; Tiedemann and Scherrer 2017)ͱϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥ
ϧػց຋༁ (Kim et al. 2019; Bawden et al. 2018)Ͱ࣮૷͠ɼχϡʔείʔύε (ా
தӳًଞ 2021)Λ༻͍ͨӳ೔ɾ೔ӳػց຋༁λεΫɼ͓Αͼ IWSLT2017σʔλ
ηοτ (Cettolo et al. 2012)Λ༻͍ͨӳ೔ɾ೔ӳɼ͓Αͼӳಠɾಠӳػց຋༁λεΫ
ͰධՁͨ͠ɽͦͷ݁ՌɼఏҊख๏͕ैདྷख๏ͱൺֱͯ͠BLEUείΞ (Papineni
et al. 2002)ʹΑΓ຋༁ਫ਼౓͕վળ͍ͯ͠Δ͜ͱΛ֬ೝͨ͠ɽ
ຊষͷߏ੒͸ҎԼͷ௨ΓͰ͋Δɽ·ͣɼ5.2અͰఏҊख๏͕લఏͱ͢Δจ຺

ց຋༁ʹ͍ͭͯड़΂ɼ5.3અͰఏҊख๏Λઆ໌͢Δɽ5.4અػχϡʔϥϧܕྀߟ
ͰఏҊख๏ͷޮՌΛ֬ೝ͢ΔͨΊͷ຋༁࣮ݧͷৄࡉΛࣔ͠ɼ5.5અͰ຋༁࣮ݧ
ͷ݁ՌΛࣔͯ͠ఏҊख๏ͷޮՌΛ෼ੳ͢Δɽޙ࠷ʹ 5.6અͰຊষΛ·ͱΊΔɽ

∗จ຺৘ใͱͯ͠຋༁ର৅Ҏ֎ͷจʢ຋༁ର৅ͷલޙͷෳ਺จʣͷར༻΋͑ߟΒΕΔ͕ɼ༻
͍Δจ຺৘ใ͕૿͑Δͱ຋༁Ϟσϧ͕େ͖͘ͳΔͱ͍͏՝୊͕͋ΔɽػࢉܭͷੑೳΛྀ͠ߟɼ
ຊষͰ͸໨తޠݴଆͷจ຺Λ໨తޠݴଆͷલจʹݶఆͨ͠ɽ
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5.2 จ຺ܕྀߟχϡʔϥϧػց຋༁
ຊઅͰ͸ɼจ຺ܕྀߟχϡʔϥϧػց຋༁Ϟσϧͷैདྷख๏Ͱ͋Δɼ݁߹

ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ͱɼϚϧνΤϯίʔμจ຺ܕྀߟχϡʔ
ϥϧػց຋༁Λઆ໌͢Δɽ

5.2.1 ݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁

݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ (Tiedemann and Scherrer 2017;
Bawden et al. 2018)͸ɼχϡʔϥϧػց຋༁Ϟσϧͷߏ଄Λม͑ͣʹɼ຋༁ର৅
ͷจͱจ຺৘ใͱͷؒʹಛघͳτʔΫϯʢ BREAK ʣΛૠೖͯ݁͠߹ͯ͠Τϯ
ίʔμʹೖྗ͢Δɽ຋༁࣌ʹɼ຋༁ର৅ͷจͷ຋༁݁ՌͷΈΛग़ྗ͢ΔϞσ
ϧΛ 2-to-1Ϟσϧɼ຋༁ର৅ͷจʹՃ͑ͯจ຺৘ใΛซͤͯ຋༁͢ΔϞσϧΛ
2-to-2Ϟσϧ†ͱݺͿɽ2-to-2ϞσϧͰ͸ɼ຋༁ର৅ͷจͷ຋༁݁Ռͱจ຺৘ใ
ͷ຋༁݁ՌͷؒʹಛघͳτʔΫϯΛซͤͯग़ྗͤ͞Δ͜ͱͰɼग़ྗ͔Β຋༁ର
৅ͷจͷ຋༁݁ՌͷΈΛநग़͢Δɽཥ྇פଞ (2019)͸ɼ৽ฉσʔλΛ༻͍ͨ೔
ӳɾӳ೔ػց຋༁࣮ݧͰ 2-to-2Ϟσϧͱ 2-to-1ϞσϧͷൺֱΛ͍ߦɼ2-to-1Ϟσ
ϧͷํ͕຋༁ਫ਼౓্͕ͨ͜͠޲ͱΛใ͓ͯ͠ࠂΓɼຊষͰ΋ࣄલ࣮ݧͷ݁Ռ΋
౿·͑ͯ 2-to-1ϞσϧΛ༻͍ͨɽ

5.2.2 ϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁

ϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁ (Bawden et al. 2018; Kim
et al. 2019)͸ɼ຋༁ର৅ͷจΛೖྗͱ͢ΔΤϯίʔμͱɼจ຺৘ใΛೖྗͱ͢
ΔΤϯίʔμΛ࣋ͭɽෳ਺ͷΤϯίʔμͷग़ྗϕΫτϧ͸݁߹͢Δඞཁ͕͋
Γɼෳ਺ͷग़ྗϕΫτϧΛʮͲ͜Ͱ݁߹ͤ͞Δ͔ʯͱɼʮͲͷΑ͏ʹ݁߹ͤ͞
Δ͔ʯͷҧ͍Ͱ͍͔ͭ͘ͷόϦΤʔγϣϯ͕͋ΔɽʮͲ͜Ͱ݁߹ͤ͞Δ͔ʯ͸ɼ
Τϯίʔμͷग़ྗϕΫτϧΛσίʔμͷ಺ଆͱ֎ଆͷͲͪΒͰ݁߹͢Δ͔Λ
ද͢ɽKim et al. (2019)͸ɼΤϯίʔμͷग़ྗϕΫτϧΛσίʔμͷ಺ଆͰ݁
߹ͨ͠Ϟσϧͷํ͕຋༁ਫ਼౓͕͍͜ߴͱΛ͓ࣔͯ͠ΓɼຊষͰ΋σίʔμͷ
಺ଆͰ݁߹͢Δख๏Λ༻͍ͨɽʮͲͷΑ͏ʹ݁߹ͤ͞Δ͔ʯ͸ɼ࿈݁ʢattention
concatinationʣɼॏΈ෇͖࿨ʢattention gateʣɼ֊૚ʢhierarchical attentionʣͷ̏छ
ྨ͕͋Δ (Bawden et al. 2018)ɽຊষͰ͸ɼࣄલ࣮ݧͰBLEUείΞͷ͔ͨͬߴॏ
Έ෇͖࿨Λ༻͍ͨɽॏΈ෇͖࿨͸ɼ຋༁ର৅ͷϕΫτϧ csͱจ຺ͷϕΫτϧ cr

†2-to-1͸ยޠݴͷจ຺͕͋Ε͹ద༻ՄೳͰ͋Δͷʹର͠ɼ2-to-2͸ର༁ͷจ຺͕ඞཁͱͳ
Γɼద༻ൣғ͕ҟͳΔɽ
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Λ༻͍ͯԼهͷࣜʹΑΓϕΫτϧ cΛಘΔ (Bawden et al. 2018)ɽ

g = tanh(Wrcr +Wscs) + b, (5.2.1)

c = g ⊙ (Wtcr) + (1⃗ − g) ⊙ (Wucs), (5.2.2)

g͸֤ϕΫτϧͷཁૉͷॏཁ౓ͷҧ͍Λද͢ϕΫτϧͰ͋Δɽb͸όΠΞεϕ
ΫτϧɼWr,Ws,Wt,Wu͸ॏΈྻߦͰ͋Δɽ⊙͸ΞμϚʔϧੵΛ͢ࢉܭΔɽ

5.3 ఏҊख๏
ຊઅͰ͸ɼจ຺Λػྀͨ͠ߟց຋༁ख๏ͷҰख๏Ͱ͋Δ໨తޠݴଆͷจ຺Λ

ଆͷจ຺৘ใͷޠݴց຋༁ʹ͓͚Δɼֶश࣌ͱ຋༁࣌ʹ༻͍Δ໨తػΔྀ͢ߟ
ಛ௃ͷҧ͍ʹΑΔӨڹΛ௿͢ݮΔ͜ͱΛ໨తͱͨ͠αϯϓϦϯάख๏ʹ͍ͭͯ
આ໌͢Δɽ

5.3.1 ར༻͢Δจ຺৘ใ

ֶश࣌ʹχϡʔϥϧػց຋༁ͷΤϯίʔμʹೖྗ͢Δ໨తޠݴଆͷจ຺৘ใ
ͱͯ͠ɼલจͷࢀর༁ͱػց຋༁݁Ռͷ྆ํΛ༻͍ɼલઅͰࣔͨ̎͠छྨͷ
ΞʔΩςΫνϟʹద༻͢Δɽ຋༁ର৅͕จॻͷઌ಄ͷͱ͖͸ɼલจͷ৘ใ͕ͳ
͍ͨΊɼಛघͳτʔΫϯʢ BOS ʣΛจ຺৘ใͱͯ͠༻͍Δɽਤ 5.1ʢaʣ͸݁߹
ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ʹద༻ͨ͠ϞσϧΛࣔ͠ɼਤ 5.1ʢbʣ͸
ϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁ʹద༻ͨ͠ϞσϧΛ͍ࣔͯ͠
Δɽ຋༁ର৅Ͱ͋Δɼจॻதͷ j൪໨ͷݪจͷτʔΫϯྻ͸ X jͰද͢ɽจ຺৘
ใͱͯ͠༻͍Δɼจॻதͷ j − 1൪໨ͷࢀর༁ͷτʔΫϯྻ͸ Ŷ j−1Ͱද͠ɼ j − 1
൪໨ͷػց຋༁݁ՌͷτʔΫϯྻ͸ Ȳ j−1Ͱද͢ɽจ຺৘ใͱͯ͠༻͍Δػց຋
༁݁Ռ͸ɼֶश࣌ͱ຋༁࣌ͱ΋ʹจ຺Λྀ͠ߟͳ͍χϡʔϥϧػց຋༁Ͱੜ੒
͢Δɽਤ 5.1ͷ p͸̍ΤϙοΫͷֶशσʔλʹؚ·ΕΔࢀর༁ͷׂ߹Λࣔ͠ɼ
1 − p͕ػց຋༁݁Ռؚ͕·ΕΔׂ߹ͱͳΔɽp = 0ͷ৔߹͸ೖྗ͞ΕΔจ຺৘
ใσʔλͷશ͕ͯػց຋༁ɼp = 1ͷ৔߹͸จ຺৘ใσʔλͷશ͕ͯࢀর༁Ͱ
ֶश͞ΕΔ͜ͱʹͳΔɽ຋༁࣌͸ p = 0ɼ͢ͳΘͪৗʹػց຋༁݁Ռ͕จ຺৘
ใͱͯ͠༻͍ΒΕΔɽ݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ʢਤ 5.1ʢaʣʣ
Ͱ͸ɼΤϯίʔμ͕ग़ྗͨ͠ϕΫτϧ͕σίʔμʹೖྗ͞ΕΔɽϚϧνΤϯ
ίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁ʢਤ 5.1ʢbʣʣͰ͸ɼݪจΤϯίʔμͱจ
຺Τϯίʔμ͕ग़ྗͨ̎ͭ͠ͷϕΫτϧΛ̍ͭͷϕΫτϧʹม͔ͯ͠׵Βσ
ίʔμʹೖྗ͠ɼσίʔμΛ௨ͯ͠໨తޠݴଆͷจͷτʔΫϯྻ Y jΛಘΔɽ
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ਤ 5.1: ʢaʣ݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ɼʢbʣϚϧνΤϯίʔμ
จ຺ܕྀߟχϡʔϥϧػց຋༁

5.3.2 αϯϓϦϯά੍ޚ

ֶशσʔλ಺ͷ໨తޠݴଆͷจ຺৘ใͱͯ͠ɼࢀর༁ͱػց຋༁݁ՌͷͲͪ
ΒΛ༻͍Δ͔ΛαϯϓϦϯάϨʔτ pʹΑΓ੍͢ޚΔ͕ɼλεΫ΍ֶश࣌ͷ຋
༁ϞσϧͷੑೳʹΑͬͯద੾ͳαϯϓϦϯάϨʔτ͸ҟͳΔɽֶश࣌ʹ͓͍
ͯɼ໨తޠݴଆͷจ຺৘ใʹػց຋༁݁ՌΛ͏࢖৔߹Ͱ͸Τϯίʔυ͞Εͨจ
຺৘ใϕΫτϧ͸༁ൈ͚ɼա৒༁ɼޡ༁ͳͲػց຋༁ಛ༗ͷޡΓʢػց຋༁ޡ
ΓʣΛؚΈɼ຋༁Ϟσϧ͸͜ΕΒͷػց຋༁ޡΓΛֶྀͯ͠ߟश͞ΕΔɽҰ
ํɼࢀর༁ͷΈΛ͏࢖৔߹Ͱ͸ػց຋༁ޡΓ͕ͳ͍ͷͰɼจ຺৘ใΛޮՌతʹ
ར༻͢ΔΑ͏ʹ຋༁Ϟσϧֶ͕श͞ΕΔ͜ͱ͕ظ଴Ͱ͖Δɽ຋༁࣌ʹ͓͍ͯɼ
໨తޠݴଆͷจ຺৘ใʹػց຋༁ޡΓͷͳ͍ࢀর༁Λ͜͏࢖ͱ͕Ͱ͖Δ৔߹Ͱ
͸ɼֶश࣌΋ಉ༷ʹࢀর༁Λ͜͏࢖ͱ͕๬·͍͠ɽ͔͠͠ɼ຋༁࣌ʹ͸ࢀর༁
Ͱ͸ͳ͘ػց຋༁݁ՌΛ༻͍ΔͨΊɼ຋༁Ϟσϧ͸༁ൈ͚ɼա৒༁ɼޡ༁ͳͲ
ؚ͕·Εͨจ຺Λར༻ͯ͠຋༁͢Δ͜ͱʹͳΔɽ͞Βʹɼػց຋༁݁Ռ͸ɼػ
ց຋༁ޡΓ͕ͳ͍৔߹Ͱ΋ɼ຋༁ௐʢTranslationeseʣͱݺ͹ΕΔภΓͷ͋Δจ
Ͱ͋Δ͜ͱ͕஌ΒΕ͍ͯΔɽToral (Toral 2019)͸ɼػց຋༁͸ਓख຋༁ΑΓ΋
γϯϓϧ͔ͭඪ४Խ͞Εͨ݁ՌʹͳΔ޲܏ʹ͋Δͱ͓ࣔͯ͠Γɼࢀর༁ͱػց
຋༁݁Ռ͸ଟ༷ੑͷଆ໘͔Β΋ಛ௃͕ҧ͏ͱ͑ߟΒΕΔɽ
຋༁࣌ͱಉ͡ಛ௃Λ༗͢Δ໨తޠݴଆͷจ຺৘ใΛ͏࢖ͱ͍͏؍఺Ͱ͸ػց

຋༁݁ՌΛ༻͍Δ͜ͱ͕޷·͍͕͠ɼޮՌతͳจ຺ͷར༻ͱ͍͏؍఺Ͱ͸ࢀর
༁Λ༻͍Δ͜ͱ͕޷·͍͠ɽͦ͜Ͱɼ૒ํͷར఺Λ͔ͨ͢׆Ίʹɼಛ௃ͷҧ
ց຋༁݁Ռͷ྆ํΛ༻ֶ͍ͯश͢Δ͜ͱΛఏҊ͢ΔɽఏҊख๏ػর༁ͱࢀ͏
͸ɼΧϦΩϡϥϜֶश (Bengio et al. 2009)ͱεέδϡʔϧυαϯϓϦϯά (Bengio
et al. 2015)ͷख๏Λߟࢀʹͯ͠αϯϓϦϯάΛ੍͢ޚΔɽBengio et al. (2015)͸ɼ
ֶश࣌ʹɼճܕؼχϡʔϥϧωοτϫʔΫʢRecurrent neural networkʣʹೖྗ͢
Δ௚લͷτʔΫϯͱͯ͠Ϟσϧͷग़ྗͱਖ਼ղͷͲͪΒΛ༻͍Δ͔ΛαϯϓϦϯ
ά੍ͨ͠ޚͷʹର͠ɼຊষͰ͸͜ͷख๏Λɼ໨తޠݴଆͷจ຺৘ใͱͯ͠ػց
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ίʔύε ରޠݴ ࿅σʔληοτ܇ ։ൃσʔληοτ ςετηοτ

σʔλ਺ ਺ࣄه σʔλ਺ ਺ࣄه σʔλ਺ ਺ࣄه

χϡʔε ೔ӳ 220,180 28,043 2,000 253 2,000 256

ίʔύε

TEDτʔΫ ӳ೔ 194,170 1,863 879 8 1,285 15

ίʔύε ӳಠ 203,998 1,705 888 8 1,080 12

ද 5.1: ίʔύεͷ౷ܭ৘ใɽ

຋༁ͷग़ྗͱਖ਼ղͷͲͪΒΛ༻͍Δ͔ͷαϯϓϦϯά੍ޚʹԠ༻͢Δɽ͜ͷख
๏͸ɼԼهͷखॱʹΑΓֶशΤϙοΫ͝ͱʹɼೖྗʹ༻͍Δจ຺৘ใΛม͢ߋ
Δ͜ͱͰɼ຋༁ϞσϧΛஈ֊తʹػց຋༁ޡΓɼ͓Αͼ຋༁ௐʹରԠͤ͞Δɽ
ֶशΤϙοΫ਺ lʹରԠͨ͠αϯϓϦϯάϨʔτΛ plͱ͢Δɽ

1. 1ΤϙοΫ໨ʢl = 1ʣͷֶश͸αϯϓϦϯάϨʔτΛ p1 = 1ͱ͠ɼ໨తݴ
র༁Λ༻͍Δɽࢀଆͷจ຺৘ใʹ͸શͯޠ

2. 2ΤϙοΫ໨ʢl ≥ 2ʣҎ߱ͷֶश͸αϯϓϦϯάϨʔτ plΛԼهͷٯγά
ϞΠυؔ਺ʹΑΓݮগͤ͞Δɽ

pl =
k

k + exp(l − 2/k)
, (5.3.1)

k(≥ 1)͸ pͷݮগεϐʔυΛ੍͢ޚΔϋΠύʔύϥϝʔλͰ͋Δɽ1ΤϙοΫऴ
ྃ࣌ͷ຋༁Ϟσϧͷੑೳ͕͍ߴͷͰ͋Ε͹ kͷ஋Λ 1ʹ͚ۙͮɼ2ΤϙοΫ໨Ҏ
߱ͷֶशσʔλ಺ͷػց຋༁ͷׂ߹Λ૿΍͢ɽ্هͷखॱʹΑΓɼ຋༁ޡΓʹ
Δɽ͢ݱͰ຋༁ௐͷಛ௃ʹରԠͨ͠຋༁ϞσϧͷֶशΛ࣮݈ؤ

5.4 ධՁ࣮ݧ
ຊઅͰ͸ɼఏҊख๏ͷޮՌΛ֬ೝ͢ΔͨΊͷػց຋༁࣮ݧʹ͍ͭͯड़΂Δɽ

5.4.1 σʔλ

ͷهͰ͸ɼԼݧ࣮ 2छྨͷίʔύεΛ༻͍Δɽද 5.1ʹ֤σʔληοτͷσʔ
λ਺ͱࣄه਺Λࣔ͢ɽ
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χϡʔείʔύε
Λར༻ͯ͠։ൃ͞Εͨ೔ӳχϡʔεର༁ίʔࣄه௨৴ࣾͷχϡʔεࣄ࣌
ύε (ాதӳًଞ 2021)ͷҰ෦Λ༻͍ͨɽ͜ͷίʔύε͸೔ຊޠͷχϡʔ
εࣄهͷҰ෦Λจ୯ҐͰਓख຋༁͍ͯ͠Δɽຊ࣮ݧͰ͸ɼχϡʔελΠ
τϧΛআ͖χϡʔεຊจΛར༻ͨ͠ɽίʔύεதͷ จۉΓͷฏͨ͋ࣄه1
਺͸ 8จͰ͋ͬͨɽ

TEDτʔΫίʔύε
IWSLT2017 (Cettolo et al. 2012)Ͱެ։͞Ε͍ͯΔTEDͷࣈນର༁ίʔύε
Λ༻͍ͨɽ։ൃσʔληοτ͸ “dev2010”Λ༻͍ͨɽςετηοτ͸ӳ೔ɾ
೔ӳػց຋༁λεΫʹ͍ͭͯ͸ “tst2014”Λ༻͍ɼӳಠɾಠӳػց຋༁λ
εΫʹ͍ͭͯ͸ “tst2015”Λ༻͍ͨɽίʔύεதͷ จۉΓͷฏͨ͋ࣄه1
਺͸ 119จͰ͋ͬͨɽ

5.4.2 จ຺ͷར༻

5.2અͰड़΂ͨ݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ʢਤ 5.1ʢaʣʣͱϚ
ϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁ʢਤ 5.1ʢbʣʣͷ̎छྨͷจ຺ߟ
ଆͷจ຺৘ใʹ͸຋༁ର৅ͷจͷޠݴց຋༁Λ༻͍ͨɽ໨తػχϡʔϥϧܕྀ
̍ͭલͷจΛར༻ͨ͠ɽ

5.4.3 ઃఆࡉৄ

ӳޠͱυΠπޠͷ୯ޠ෼ׂʹ͸Moses toolkit∗ͷ tokenizer.perl†Λ༻͍ͨɽ೔ຊ
ଶૉղੳʹ͸ɼKyTeaܗͷޠ (Neubig et al. 2011)Λར༻ͨ͠ɽσʔλͷΫϦʔχ
ϯάʹ͸ɼMoses toolkitͷ clean-corpus-n.perl‡Λ༻͍ɼσʔλͷܗଶૉ௕͕ ޠ2
Ҏ্ ଶૉ௕ൺ͕ܗҎԼ͔ͭର༁σʔλؒͷޠ150 9ҎԼͷσʔλͷΈΛநग़͠
ͨɽ֤λεΫͰޠኮ਺Λ੍͢ݶΔͨΊɼόΠτϖΞූ߸Խʢbyte pair encodingʣ
Λ༻͍ͨαϒϫʔυ (Sennrich et al. 2016b)Λ༻͍ͨɽޠኮ਺͸ 48,000ͱ͠ɼස
౓͕ 35ҎԼͷޠኮ͸αϒϫʔυʹ෼ׂͨ͠ɽσʔλ಺ͷ௕େޠ͸ಛผͳॲཧ
ΛߦΘͳ͔ͬͨ§ɽ݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ʹ͸ɼτϥϯε
ϑΥʔϚʔϞσϧ (Vaswani et al. 2017)ͷΤϯίʔμͱσίʔμΛ༻͍ͨɽݴݪ
ͰݱΛΤϯίʔμ͕தؒදྻޠଆͷจ຺৘ใ͕݁߹͞Εͨ୯ޠݴจͱ໨తޠ
͋ΔϕΫτϧʹม͠׵ɼσίʔμ͕ͦͷϕΫτϧΛ༻͍ͯ຋༁݁ՌͱͳΔ໨త
͍ͯͭʹց຋༁ػχϡʔϥϧܕྀߟจΛੜ੒͢ΔɽϚϧνΤϯίʔμจ຺ޠݴ

∗https://github.com/moses-smt/mosesdecoder
†https://github.com/moses-smt/mosesdecoder/blob/master/scripts/tokenizer/tokenizer.perl
‡https://github.com/moses-smt/mosesdecoder/blob/master/scripts/training/clean-corpus-n.perl
§ස౓ͳͲͷઃఆ৚݅ʹै͍ɼόΠτϖΞූ߸ԽʹΑΓαϒϫʔυ෼ׂ͞ΕΔɽ

40



ൺֱख๏ ༻͍Δจ຺৘ใ χϡʔϥϧػց຋༁

Single-Sentence จ຺৘ใΛ༻͍ͳ͍ τϥϯεϑΥʔϚʔϞσϧ

Src-Context ຋༁ର৅ͷલจʢޠݴݪจʣ ݁߹ϕʔεจ຺ܕྀߟ

(Agrawal et al. 2018) ϚϧνΤϯίʔμจ຺ܕྀߟ

Trg-Context GT ຋༁ର৅ͷલจͷࢀর༁ ݁߹ϕʔεจ຺ܕྀߟ

(Bawden et al. 2018) ʢ໨తޠݴจʣ ϚϧνΤϯίʔμจ຺ܕྀߟ

Trg-Context Pred. ຋༁ର৅ͷલจͷػց຋༁݁Ռ ݁߹ϕʔεจ຺ܕྀߟ

ʢ໨తޠݴจʣ ϚϧνΤϯίʔμจ຺ܕྀߟ

ද 5.2: ൺֱख๏ɽ

΋ɼτϥϯεϑΥʔϚʔϞσϧΛ༻͍ɼLittell et al. (2019)ͷΞʔΩςΫνϟΛج
ʹ࣮૷ͨ͠ɽ݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ͱϚϧνΤϯίʔμจ
ց຋༁ͷ͍ͣΕ΋ػχϡʔϥϧܕྀߟ຺ Sockeye toolkit (Hieber et al. 2018)Λ༻
͍࣮ͯ૷ͨ͠ɽ
ຊষͷϞσϧͷֶशʹ͸Adam (Kingma and Ba 2015)Λ࠷దԽΞϧΰϦζϜͱ

ͯ͠༻͍ɼֶश཰͸ 0.0002ͱͨ͠ɽόον಺ͷσʔλ͸ 5,000τʔΫϯҎ಺ʹ
ͳΔΑ͏ʹߏஙͨ͠ɽֶश࣌ͷ֤Τϯίʔμ΁ͷೖྗͷ࠷େ௕͸ɼ݁߹ϕʔε
จ຺ܕྀߟχϡʔϥϧػց຋༁Ͱ͸ 200τʔΫϯɼϚϧνΤϯίʔμจ຺ྀߟ
ʹจΤϯίʔμɼจ຺Τϯίʔμͱ΋ݪց຋༁Ͱ͸ػχϡʔϥϧܕ 100τʔΫ
ϯʹ੍ͨ͠ݶ¶ɽ຋༁࣌ͷ֤Τϯίʔμ΁ͷೖྗͷ࠷େ௕͸ઃఆ͠ͳ͔ͬͨɽͦ
ͷଞͷϋΠύʔύϥϝʔλͷઃఆ͸Sockeye toolkitͷσϑΥϧτ஋ʹैͬͨɽૣ
ऴྃʢEarlyظ stoppingʣΛઃఆ͠ɼpatienceͷ஋Λ 32ͱͨ͠ɽ຋༁࣌͸ɼϏʔϜ
αʔνΛ༻͍ɼϏʔϜ෯Λ 5ͱͨ͠ɽࣜ 5.3.1ͷϋΠύʔύϥϝʔλ k͸ 2ͱ͠
ͨɽֶशɼ຋༁ͱ΋ʹɼNvidia P100 Tesla GPUΛ༻͍ͯࢉܭΛͨͬߦɽ຋༁ੑ
ೳͷൺֱʹ͸ɼϥϯμϜγʔυͷҟͳΔ 5ͭͷϞσϧΛֶशͯͦ͠ΕͧΕͷϞ
σϧ͕ग़ྗͨ͠຋༁݁ՌͷBLEUείΞ (Papineni et al. 2002)ͷதԝ஋Λ༻͍ͨɽ
BLEUείΞʹ͸ɼcase-insensitive BLEU-4Λ༻͍ɼmulti-bleu.perl ∥Ͱͨ͠ࢉܭɽ
·ͨɼαϯϓϧ਺Λ 10,000ʹઃఆͨ͠ paired-bootstrap.py∗∗Λ༻͍ɼBLEUείΞ
ʹ͓͚ΔఏҊख๏ͱଞख๏ͱͷ༗ҙࠩʢ༗ҙਫ४α = 0.05ʣΛௐ΂ͨɽ

¶݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁͸ɼݪจͱจ຺ͷ߹͕ܭ 200τʔΫϯҎ಺Ͱ͋
Ε͹ֶशσʔλͱͯ͠༻͍ΔͨΊɼϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁ΑΓ΋
ֶशσʔλͷ਺͸ 6ʙ153σʔλଟ͘ͳͬͨɽ

∥https://github.com/moses-smt/mosesdecoder/blob/master/scripts/generic/multi-bleu-detok.perl
∗∗https://github.com/neubig/util-scripts/blob/master/paired-bootstrap.py
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5.4.4 ൺֱख๏

ఏҊख๏ͱͷൺֱΛͨ͏ߦΊʹຊষͰ༻͍ͨൺֱख๏ʢද 5.2ʣΛઆ໌͢Δɽ

จϨϕϧػց຋༁ʢSingle-Sentenceʣ
จ຺ͱͯ͠໨తޠݴଆͷલจΛྀ͢ߟΔ͜ͱʹΑΔޮՌΛ஌ΔͨΊʹɼ
จ຺Λྀ͠ߟͳ͍ػց຋༁ख๏Λൺֱख๏ͱͨ͠ɽ຋༁ର৅ͷΈΛΤϯ
ίʔμʹೖྗͯ͠σίʔμ͕຋༁݁ՌΛग़ྗ͢ΔɽτϥϯεϑΥʔϚʔ
Ϟσϧͷχϡʔϥϧػց຋༁Λ༻͍ͨɽ

จ຺ػܕྀߟց຋༁ʢSrc-ContextɼTrg-Contextʣ
จ຺Λྀ͢ߟΔػց຋༁ख๏ͱͯ͠ɼޠݴݪଆͷ৘ใΛ༻͍Δख
๏ (Agrawal et al. 2018)ͱ໨తޠݴଆͷ৘ใΛ༻͍Δख๏ (Bawden et al.
2018)͕͋Δɽ྆ํͷ৘ใΛซ༻͢Δ͜ͱ΋Ͱ͖Δ͕ɼຊষͰ͸ͲͪΒ
ͷ৘ใ͕༗ޮͰ͋Δ͔Λൺֱ͢ΔͨΊʹɼޠݴݪଆͷ৘ใΛ༻͍ͨ৔
߹ʢSrc-Contextʣͱ໨తޠݴଆͷ৘ใΛ༻͍ͨ৔߹ʢTrg-Contextʣͷ૒ํ
Λൺֱख๏ͱͨ͠ɽ໨తޠݴଆͷ৘ใΛ༻͍Δख๏Ͱ͸ɼैདྷख๏͸ࢀ
র༁Λ༻͍͍͕ͯͨػց຋༁݁ՌΛ༻͍Δ͜ͱ΋Ͱ͖ΔͨΊɼ૒ํΛ
༻͍ͨख๏ʢTrg-Context GTɼTrg-Context Pred.ʣΛൺֱͨ͠ɽจ຺৘ใ͸ɼ
ఏҊख๏ͱಉ༷ʹ຋༁ର৅ͷจͷ̍ͭલͷจΛར༻ͨ͠ɽSrc-Contextɼ
Trg-Context GTɼTrg-Context Pred.ͱ΋ʹɼ݁߹ϕʔεจ຺ܕྀߟχϡʔϥ
ϧػց຋༁ͱϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁ͷ̎छྨ
ͷγεςϜʹద༻ͨ͠ɽ

5.5 Ռ݁ݧ࣮
χϡʔείʔύεΛ༻͍ͨӳ೔ɾ೔ӳػց຋༁࣮ݧͷ݁Ռɼ͓ΑͼTEDτʔ

ΫίʔύεΛ༻͍ͨӳ೔ɾ೔ӳɼӳಠɾಠӳػց຋༁࣮ݧͷ݁ՌΛද 5.3, 5.4
ʹࣔ͢ɽจ຺Λ༻͍ͳ͍ख๏ʢSingle-SentenceʣɼޠݴݪଆͷલจΛ༻͍ͨख
๏ʢSrc-Contextʣɼ໨తޠݴଆͷલจͱͯ͠ɼࢀর༁Λ༻ֶ͍ͯशͨ͠ख๏
ʢTrg-Context GTʣɼػց຋༁݁ՌΛ༻ֶ͍ͯशͨ͠ख๏ʢTrg-Context Pred.ʣɼࢀ
র༁ͱػց຋༁݁Ռͷ྆ํΛ༻ֶ͍ͯशͨ͠ఏҊख๏ɼͦΕͧΕͷBLEUεί
ΞΛ͍ࣔͯ͠Δɽ

5.5.1 ఏҊख๏ͷ༗ޮੑͷূݕ

ఏҊख๏ͱɼจ຺Λྀ͠ߟͳ͍χϡʔϥϧػց຋༁ɼ໨తޠݴଆͷલจΛ༻
͍ͨख๏ɼ͓ΑͼޠݴݪଆͷલจΛ༻͍ͨख๏ͱΛൺֱ͢Δ͜ͱͰఏҊख๏ͷ
༗ޮੑΛ͢ূݕΔɽ
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ֶश࣌

จ຺৘ใ

χϡʔϥϧ Src Trg χϡʔείʔύε

ख๏ ց຋༁ػ GT MT ӳ೔ ೔ӳ

Single-Sentence vanilla 41.99 24.23

Src-Context concat. ! 42.87 24.40

Trg-Context GT concat. ! 41.45 24.40

Trg-Context Pred. concat. ! 42.07 23.83

ఏҊख๏ concat. ! ! 42.89†⋄⋆ 24.62⋆

Src-Context multi-enc. ! 42.06 24.37

Trg-Context GT multi-enc. ! 42.40 24.80

Trg-Context Pred. multi-enc. ! 42.45 24.31

ఏҊख๏ multi-enc. ! ! 42.79† 24.86†

ද 5.3: ଆͷจ຺৘ใΛ༻͍ͨɼχϡʔείʔύεͷޠݴଆɼ·ͨ͸໨తޠݴݪ
ӳ೔ɾ೔ӳػց຋༁ͷ࣮݁ݧՌɽvanilla͸จ຺Λ༻͍ͳ͍χϡʔϥϧػց຋༁ɼ
concat.͸݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ɼmulti-enc.͸ϚϧνΤϯ
ίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁Λද͍ͯ͠ΔɽSrcɼTrg GTɼTrg MT͸ɼ
ֶश࣌ʹ༻͍ͨจ຺৘ใͱͯ͠ɼޠݴݪଆͷલจɼ໨తޠݴଆͷࢀর༁ɼ໨త
ց຋༁݁ՌΛ༻͍ͨ͜ͱΛද͍ͯ͠Δɽ஋͸BLEUείΞΛදͯ͠ػଆͷޠݴ
͍Δɽ†ɼ‡ɼ⋄ɼ⋆͸ɼఏҊख๏͕ Single-SentenceɼSrc-ContextɼTrg-Context GTɼ
Trg-Context Pred.ͱൺֱͯ͠༗ҙʹBLEUείΞ͕͍͜ߴͱΛ͍ࣔͯ͠Δʢ༗ҙ
ਫ४α = 0.05ʣɽSrc-ContextɼTrg-Context GTɼTrg-Context Predʹ͍ͭͯ͸ಉ͡γ
εςϜ಺ʢconcat.·ͨ͸multi-enc.ʣͰͷൺֱͱͨ͠ɽ

ઌͣɼఏҊख๏ͱɼจ຺Λ༻͍ͳ͍χϡʔϥϧػց຋༁ʢSingle-Sentenceʣ
ͱΛൺֱ͢Δɽද 5.3, 5.4ΑΓɼ݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁
ʢconcat.ʣΛ༻͍ͨ৔߹͸ɼχϡʔείʔύε೔ӳػց຋༁ͱTEDτʔΫίʔύ
εӳ೔ɾ೔ӳػց຋༁Ҏ֎ͷλεΫʹ͓͍ͯఏҊख๏ͷBLEUείΞ͕༗ҙʹ
༺ց຋༁ʢmulti-enc.ʣΛػχϡʔϥϧܕྀߟɽϚϧνΤϯίʔμจ຺††͔ͨͬߴ
͍ͨ৔߹͸ɼશͯͷλεΫʹ͓͍ͯఏҊख๏ͷBLEUείΞ͕༗ҙʹ͔ͨͬߴɽ
࣍ʹɼ໨తޠݴଆͷલจΛ༻͍ͨख๏ؒͷൺֱͱͯ͠ɼఏҊख๏ͱɼࢀর༁

ͷΈΛ༻ֶ͍ͯशͨ͠ख๏ʢTrg-Context GTʣɼ͓Αͼػց຋༁݁ՌͷΈΛ༻
ֶ͍ͯशͨ͠ख๏ʢTrg-Context Pred.ʣͱΛൺֱ͢Δɽද 5.3, 5.4ΑΓɼ݁߹ϕʔ

††༗ҙਫ४ α = 0.05ɽຊষͰ͸શͯಉ͡ p஋Λར༻ͨ͠ɽ
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ֶश࣌

จ຺৘ใ

χϡʔϥϧ Src Trg TEDτʔΫίʔύε

ख๏ ց຋༁ػ GT MT ӳ೔ ೔ӳ ӳಠ ಠӳ

Single-Sentence vanilla 15.69 8.48 24.04 28.46

Src-Context concat. ! 15.17 8.79 25.96 30.03

Trg-Context GT concat. ! 14.72 7.55 25.09 29.11

Trg-Context Pred. concat. ! 15.32 7.37 23.99 29.05

ఏҊख๏ concat. ! ! 15.33⋄ 8.36⋄⋆ 25.09†⋆ 29.74†⋆

Src-Context multi-enc. ! 15.58 9.33 25.97 29.55

Trg-Context GT multi-enc. ! 16.15 8.98 25.96 30.25

Trg-Context Pred. multi-enc. ! 16.27 9.15 25.98 30.23

ఏҊख๏ multi-enc. ! ! 16.37†‡ 9.66†⋄ 26.01† 30.60†‡

ද 5.4: ଆͷจ຺৘ใΛ༻͍ͨɼTEDτʔΫίʔύޠݴଆɼ·ͨ͸໨తޠݴݪ
εͷӳ೔ɾ೔ӳػց຋༁ɼӳಠɾಠӳػց຋༁ͷ࣮݁ݧՌɽvanilla͸จ຺Λ༻͍
ͳ͍χϡʔϥϧػց຋༁ɼconcat.͸݁߹ϕʔεจ຺ܕྀߟχϡʔϥϧػց຋༁ɼ
multi-enc.͸ϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁Λද͍ͯ͠Δɽ
SrcɼTrg GTɼTrg MT͸ɼֶश࣌ʹ༻͍ͨจ຺৘ใͱͯ͠ɼޠݴݪଆͷલจɼ໨
తޠݴଆͷࢀর༁ɼ໨తޠݴଆͷػց຋༁݁ՌΛ༻͍ͨ͜ͱΛද͍ͯ͠Δɽ
஋͸ BLEUείΞΛද͍ͯ͠Δɽ†ɼ‡ɼ⋄ɼ⋆͸ɼఏҊख๏͕ Single-Sentenceɼ
Src-ContextɼTrg-Context GTɼTrg-Context Pred.ͱൺֱͯ͠༗ҙʹ BLEUείΞ
ͱΛ͍ࣔͯ͠Δʢ༗ҙਫ४͍͜ߴ͕ α = 0.05ʣɽSrc-ContextɼTrg-Context GTɼ
Trg-Context Predʹ͍ͭͯ͸ಉ͡γεςϜ಺ʢconcat.·ͨ͸multi-enc.ʣͰͷൺֱ
ͱͨ͠ɽ

εจ຺ܕྀߟχϡʔϥϧػց຋༁ʢconcat.ʣΛ༻͍ͨ৔߹͸ɼTEDτʔΫίʔ
ύεͷӳಠػց຋༁ͷTrg-Context GTͱͷൺֱͰ͸ಉ͡BLEUείΞ͕ͩͬͨɼ
ͦΕҎ֎Ͱ͸ఏҊख๏ͷBLEUείΞ͕͘ߴɼҰ෦ͷλεΫͰ͸༗ҙʹ͔ͬߴ
ͨɽϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁ʢmulti-enc.ʣΛ༻͍ͨ৔
߹͸ɼશλεΫʹ͓͍ͯఏҊख๏ͷBLEUείΞ͕͘ߴɼҰ෦ͷλεΫͰ͸༗
ҙʹ͔ͨͬߴɽ
ଆͷલจΛ༻͍ͨख๏ʢSrc-ContextʣͱΛൺޠݴݪɼఏҊख๏ͱɼʹޙ࠷

ֱ͢Δɽද 5.3, 5.4ΑΓɼϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁
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χϡʔε

຋༁࣌ ίʔύε TEDτʔΫίʔύε

ख๏ จ຺৘ใ ӳ೔ ೔ӳ ӳ೔ ೔ӳ ӳಠ ಠӳ

Single-Sentence N/A 41.99 24.23 15.69 8.48 24.04 28.46

Trg-Context GT ց຋༁ػ 42.40 24.80† 16.15 8.98 25.96† 30.25†

র༁ࢀ 42.50† 25.09† 16.39† 9.51† 25.98† 30.33†

ද 5.5: ֶश࣌ͱ຋༁࣌྆ํͱ΋ʹ໨తޠݴଆͷલจͷࢀর༁Λ༻͍࣮ͨ݁ݧ
ՌʢBLEUείΞʣͱͷൺֱɽϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋
༁Λ༻͍ͨɽ໨తޠݴଆͷલจͷػց຋༁ͷग़ྗʹ͸ Single-Sentenceͷग़ྗΛ
༻͍ͨɽ†͸Single-Sentenceͱൺֱͯ͠༗ҙʹBLEUείΞ͕͍͜ߴͱΛࣔͯ͠
͍Δʢ༗ҙਫ४α = 0.05ʣɽ

ʢmulti-enc.ʣΛ༻͍ͨ৔߹͸ɼશλεΫʹ͓͍ͯఏҊख๏ͷBLEUείΞͷํ
͔ͬߴʹց຋༁λεΫͰ͸༗ҙػɼTEDτʔΫίʔύεͷӳ೔ɼಠӳ͘ߴ͕
ͨɽैདྷख๏Ͱ͸໨తޠݴଆͷจ຺ͷར༻ʹΑΓ຋༁ਫ਼౓͕௿Լ͢Δ͜ͱ
͕ใ͞ࠂΕ͍͕ͯͨ (Bawden et al. 2018)ɼmulti-enc.Λ༻͍ͨఏҊख๏Ͱ͸ɼจ
຺Λ༻͍͍ͯͳ͍ख๏ͱൺֱͯ͠༗ҙʹBLEUείΞ͕͚͔ͩͨͬߴͰͳ͘ɼ
Src-Contextͱൺֱͯ͠΋શλεΫͰBLEUείΞ͕͘ߴͳ͓ͬͯΓɼSrc-Context
ͱಉ౳Ҏ্ͷޮՌ͕ಘΒΕͨɽޠݴݪଆͷલจΛ༻͍Δख๏ͱ໨తޠݴଆͷ
લจΛ༻͍Δख๏͸ҟͳΔ৘ใΛ༻͍͓ͯΓɼڝ߹͢Δ΋ͷͰ͸ͳ͘ɼ৚݅
ʹΑͬͯҰํͷΈ͕ར༻ՄೳͰ͋Δ৔߹΍ɼซ༻͕ՄೳͰ͋Δ৔߹͕͑ߟΒ
ΕΔɽ
ͷൺֱʹΑΓɼఏҊख๏ͷ༗ޮੑΛ֬ೝͨ͠ɽه্

5.5.2 ࿐ग़όΠΞεʢexposure biasʣͷӨڹͷ࡯ߟ

ఏҊख๏͸࿐ग़όΠΞεʢexposure biasʣͷ໰୊Λ؇࿨͢ΔͨΊͷख๏Ͱ͋
Δ͕ɼֶश࣌ɼ຋༁࣌ͱ΋ʹ໨తޠݴଆͷจ຺ʹࢀর༁Λ༻͍Ε͹ɼ࿐ग़ό
ΠΞεʢexposure biasʣͷ໰୊͸͜ىΒͳ͍ͱ͍͑Δɽͦ͜Ͱɼ࿐ग़όΠΞε
ʢexposure biasʣͷӨڹΛ͢࡯ߟΔͨΊʹɼ຋༁࣌ʹ໨తޠݴଆͷલจͱͯ͠ɼ
࿐ग़όΠΞεʢexposure biasʣͷӨ͕ڹͳ͍ࢀর༁Λ༻͍ͨ৔߹ͷ݁ՌΛද 5.5
ʹࣔ͢ɽػց຋༁ث͸ɼϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁Λ
༻͍ͨɽ຋༁࣌ͷจ຺৘ใʹࢀর༁Λ༻͍ͨ Trg-Context GT͸ɼ࿐ग़όΠΞε
ʢexposure biasʣͷ໰୊͕͜ىΔͱ͑ߟΒΕΔػց຋༁ͷग़ྗʢSingle-Sentence
ͷग़ྗʣΛ༻͍ͨ Trg-Context GTͱൺֱͯ͠ɼશͯͷλεΫͰBLEUείΞ͕
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ց຋༁ػʹɽ·ͨɼSingle-SentenceͱͷൺֱͰ͸ɼ຋༁࣌ͷจ຺৘ใ͔ͨͬߴ
݁ՌΛ༻͍ͨTrg-Context GT͸χϡʔείʔύεͷ೔ӳػց຋༁λεΫͱTED
τʔΫίʔύεͷӳಠɾಠӳػց຋༁λεΫͷΈͰ༗ҙʹ BLEUείΞ͕ߴ
͔͕ͬͨɼࢀর༁Λ༻͍ͨ Trg-Context GT͸શͯͷλεΫͰ༗ҙʹBLEUεί
Ξ͕͍͜ߴͱΛ֬ೝͰ͖ͨɽҎ্ͷ݁ՌΑΓɼ຋༁࣌ʹ໨తޠݴଆͷલจͱ͠
ͯར༻ͨ͠ػց຋༁݁Ռͱࢀর༁ͷҧ͍͕຋༁ਫ਼౓ʹӨ͍ͯ͠ڹΔͱ͑ݴɼ͜
Ε͕࿐ग़όΠΞεʢexposure biasʣͷӨڹͱ͑ߟΔ͜ͱ͕Ͱ͖Δɽ

5.5.3 ໨తޠݴଆͷલจʹػց຋༁݁ՌͷΈΛ༻͍ΔӨڹͷ࡯ߟ

ද 5.3, 5.4ΑΓɼ໨తޠݴଆͷલจʹػց຋༁݁ՌͷΈΛ༻͍ͨख๏ʢTrg-
Context Pred.ʣͷ BLEUείΞ͸ఏҊख๏ΑΓ΋௿͔ͬͨɽ·ͨɼ݁߹ϕʔε
จ຺ܕྀߟχϡʔϥϧػց຋༁ʢconcat.ʣΛ༻͍ͨχϡʔείʔύεͷ೔ӳػ
ց຋༁λεΫͱ TEDτʔΫίʔύεͷӳ೔ɾ೔ӳɼӳಠػց຋༁λεΫͰ͸ɼ
Trg-Context Pred.ͷBLEUείΞ͸จ຺Λྀ͠ߟͳ͍τϥϯεϑΥʔϚʔϞσϧ
ʢSingle-SentenceʣΑΓ΋௿͔ͬͨɽ

Trg-Context Pred.͸ɼֶश࣌ɼ຋༁࣌ͱ΋ʹػց຋༁݁ՌΛ༻͍͓ͯΓ࿐ग़
όΠΞεʢexposure biasʣʹΑΔӨڹΛճආͰ͖͍ͯΔ͕ɼBLEUείΞ͕௿
͔ͬͨཧ༝ʹ͍ͭͯ͢࡯ߟΔɽද 5.3, 5.4ͷࢀর༁ͷΈΛ༻ֶ͍ͯशͨ͠ख๏
ʢTrg-Context GTʣ͸ɼֶश࣌ʹࢀর༁ɼ຋༁࣌ʹػց຋༁݁ՌΛ༻͍͍ͯΔ͕ɼ
Trg-Context GTͷ຋༁࣌ʹࢀর༁Λ༻͍Δ͜ͱͰɼTrg-Context Pred.ͱಉ༷ʹ࿐
ग़όΠΞεʢexposure biasʣʹΑΔӨڹΛճආ͢Δ͜ͱ͕Ͱ͖ΔɽTrg-Context
GTͷ຋༁࣌ʹ໨తޠݴଆͷલจͱͯ͠ࢀর༁Λ༻͍ͨ݁Ռ͸ɼද 5.5ʢҰ൪Լ
ͷߦʣͰࣔͨ͠Α͏ʹɼTrg-Context Pred.ͷ݁Ռͱൺֱͯ͠ BLEUείΞ͕ߴ
͍ɽ྆ऀͷҧ͍͸ɼ຋༁࣌ʹ໨తޠݴଆͷલจͱͯ͠ػց຋༁݁ՌΛ༻͍ͨ
͔ɼࢀর༁Λ༻͍͔ͨͷҧ͍Ͱ͋Γɼ͜ΕΒͷ༁࣭ͷҧ͍Ͱ͋Δͱ͍͑ΔɽҎ
্ΑΓɼTrg-Context Pred.ͷBLEUείΞ͕௿͔ͬͨཧ༝͸ɼจ຺ͱͯ͠ར༻͠
͍ͯΔ໨తޠݴଆͷલจͷػց຋༁݁Ռͷ༁࣭͕௿͍ͨΊʹɼจ຺৘ใΛޮՌ
తʹར༻͢ΔΑ͏ʹֶश͢Δ͜ͱ͕ࠔ೉Ͱ͋ͬͨͨΊͱ͑ߟΒΕΔɽ
ఏҊख๏͸ɼֶशͷॳظʹ༁࣭ͷࢀ͍ߴর༁Λ༻͍ͯจ຺৘ใΛޮՌతʹར

༻͠ɼஈ֊తʹػց຋༁ͷग़ྗʹஔ͖͑׵Δ͜ͱͰɼจ຺৘ใͷޮՌతͳར༻
ͱ࿐ग़όΠΞεʢexposure biasʣͷӨڹͷճආΛཱ྆ͨ͠ͱ͑ߟΒΕΔɽఏҊख
๏ͷֶशऴྃ࣌ͷֶशσʔλ಺ʹؚ·ΕΔࢀর༁ͷׂ߹͸ 9%ʢֶशऴྃ࣌ͷ
ΤϙοΫ਺͕ 8ʣɼ·ͨ͸ 6%ʢֶशऴྃ࣌ͷΤϙοΫ਺͕ 9ʣͰ͋Γ‡‡ɼֶशऴ
ྃ࣌ʹ͸࿐ग़όΠΞεʢexposure biasʣͷӨ͕ڹ΄΅ແֶ͍शΛ͍ͯͬߦΔɽ

‡‡χϡʔείʔύεͷӳ೔ɾ೔ӳػց຋༁λεΫͱ TEDτʔΫίʔύεͷӳ೔ػց຋༁λε
Ϋͷֶशऴྃ࣌ͷΤϙοΫ਺͸ 8Ͱ͋ΓɼTEDτʔΫίʔύεͷ೔ӳɼӳಠɾಠӳػց຋༁λ
εΫͷֶशऴྃ࣌ͷΤϙοΫ਺͸ 9Ͱ͋ͬͨɽ
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χϡʔε

ֶश࣌ ίʔύε TEDτʔΫίʔύε

ख๏ จ຺৘ใ ӳ೔ ೔ӳ ӳ೔ ೔ӳ ӳಠ ಠӳ

Single-Sentence N/A 41.99 24.23 15.69 8.48 24.04 28.46

Trg-Context GT র༁ࢀ 42.40 24.80 16.15 8.98 25.96 30.25

Trg-Context Pred. ց຋༁ػ 42.45 24.31 16.27 9.15 25.98 30.23

Trg-Context GT&Pred. ఆݻ 42.44 24.30 16.28 9.05 25.99 30.06

ఏҊख๏ มԽ 42.79 24.86† 16.37 9.66† 26.01 30.60

ද 5.6: ֶश࣌ʹ໨తޠݴଆͷલจͷࢀর༁ͱػց຋༁ͷग़ྗͱΛݻఆͷׂ߹
ʢ50 : 50ʣͰ༻͍ͨ৔߹ʢTrg-Context GT&Pred.ʣͱͷൺֱɽϚϧνΤϯίʔμจ
ʹց຋༁ͷग़ྗػଆͷલจͷޠݴց຋༁Λ༻͍ͨɽ໨తػχϡʔϥϧܕྀߟ຺
͸ Single-Sentenceͷग़ྗΛ༻͍ͨɽ຋༁࣌ͷ໨తޠݴଆͷલจͷػց຋༁݁Ռ
ʹ͸ Single-Sentenceͷग़ྗΛ༻͍ͨɽ†͸Trg-Context GT&Pred.ͱൺֱͯ͠ఏҊ
ख๏͕༗ҙʹBLEUείΞ͕͍͜ߴͱΛ͍ࣔͯ͠Δʢ༗ҙਫ४α = 0.05ʣɽ

5.5.4 ΧϦΩϡϥϜϥʔχϯάͷޮՌͷ࡯ߟ

ఏҊख๏͸࿐ग़όΠΞεʢexposure biasʣͷӨڹͷ؇࿨Λ໨తͱ͠ɼֶश࣌ͷ
໨తޠݴଆͷલจͱͯ͠ࢀর༁ͱࣄલʹ༻ҙͨ͠ػց຋༁ͷग़ྗΛαϯϓϦϯ
ά੍͠ޚͳ͕Β༻͍ͯஈ֊తʹػց຋༁ͷग़ྗʹ੾Γସ͑ΔΧϦΩϡϥϜϥʔ
χϯάͷख๏Λ༻͍͍ͯΔɽֶश࣌ͷ໨తޠݴଆͷલจͱͯ͠ࢀর༁ͷΈΛ༻
͍ͨख๏͸Trg-Context GTɼػց຋༁݁ՌͷΈΛ༻͍ͨख๏͸Trg-Context Pred.
ͱͯ͠ද 5.3, લʹ༻ҙࣄর༁ͱࢀͱͯ͠ɼࢶՌΛࣔͨ͠ɽଞͷબ୒݁ݧ࣮ʹ5.4
߹ఆͷׂݻΔͷͰ͸ͳ͘ɼ͢ޚց຋༁ͷग़ྗΛஈ֊తʹαϯϓϦϯά੍ػͨ͠
ͰαϯϓϦϯά͢Δ͜ͱ΋͑ߟΒΕΔɽͦ͜ͰɼҰఆͷׂ߹ͰαϯϓϦϯά͠
ͨ৔߹ʢTrg-Context GT&Pred.ʣͱఏҊख๏ͱΛൺֱ͢ΔɽຊষͰ͸ɼֶश࣌ͷ
໨తޠݴଆͷલจͱͯ͠ࢀর༁ͱػց຋༁ͷग़ྗΛಉׂ͡߹ͣͭαϯϓϦϯά
ͨ͠ɽද ՌΛࣔ͢ɽද݁ݧ࣮ʹ5.6 5.3, 5.4͔Β Single-SentenceɼTrg-Context GTɼ
Trg-Context Pred.ͷ݁Ռ΋స͢ࡌΔɽػց຋༁ث͸ɼϚϧνΤϯίʔμจ຺ྀߟ
ց຋༁Λ༻͍ͨɽTrg-Contextػχϡʔϥϧܕ GT&Pred.ͱൺֱ͠ɼఏҊख๏͸શ
ͯͷλεΫͰBLEUείΞ͕͘ߴɼχϡʔείʔύεͷ೔ӳػց຋༁λεΫͱ
TEDτʔΫίʔύεͷ೔ӳػց຋༁λεΫͰ͸༗ҙʹBLEUείΞ͕͍͜ߴͱ
Λ֬ೝͨ͠ɽҎ্ͷ݁ՌΑΓɼֶश࣌ͷ໨తޠݴଆͷલจͱͯ͠ࢀর༁ͱػց
຋༁ͷग़ྗΛαϯϓϦϯά੍͢ޚΔ͜ͱ͕຋༁ਫ਼౓دʹ্޲༩͓ͯ͠Γɼ͜ͷ
͕ࠩΧϦΩϡϥϜϥʔχϯάͷޮՌͰ͋Δͱ͑ߟΔ͜ͱ͕Ͱ͖Δɽ
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χϡʔε

຋༁࣌จ຺৘ใ ίʔύε TEDτʔΫίʔύε

ख๏ ʢػց຋༁݁Ռʣ ӳ೔ ೔ӳ ӳ೔ ೔ӳ ӳಠ ಠӳ

Trg-Context Single-Sentence 42.45 24.31 16.27 9.15 25.98 30.23

Pred. ͷग़ྗ

Trg-Context Pred. 42.98 24.50 16.28 9.76† 25.98 30.30†

ͷग़ྗ

ఏҊख๏ Single-Sentence 42.79 24.86 16.37 9.66 26.01 30.60

ͷग़ྗ

ఏҊख๏ͷग़ྗ 43.45† 24.98 16.47 9.76 26.06 30.62

ද 5.7: ໨తޠݴଆͷલจͷࣗ਎ͷػց຋༁݁ՌΛ༻͍࣮ͨ݁ݧՌʢBLEUεί
ΞʣͱͷൺֱɽϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁Λ༻͍ͨɽ†
͸຋༁࣌ʹ໨తޠݴଆͷલจͱͯ͠ Single-Sentenceͷग़ྗΛ༻͍ͨ৔߹ͱൺֱ
ͯ͠༗ҙʹBLEUείΞ͕͍͜ߴͱΛ͍ࣔͯ͠Δʢ༗ҙਫ४α = 0.05ʣɽ

5.5.5 ຋༁࣌ʹࣗ਎ͷػց຋༁݁ՌΛ༻͍ͨ৔߹ͷޮՌͷ࡯ߟ

ఏҊख๏͸ɼֶश࣌ͷ໨తޠݴଆͷલจͱͯ͠ࢀর༁ͱࣄલʹ༻ҙͨ͠ػ
ց຋༁ͷग़ྗʢSingle-Sentenceͷग़ྗʣΛαϯϓϦϯά੍͠ޚͳ͕Β༻͍ɼ຋
༁࣌ͷ໨తޠݴଆͷલจͱͯ͠΋ಉ༷ͷ Single-Sentenceͷग़ྗΛ༻͍Δ͜ͱΛ
લఏͱͨ͠ɽଞͷબ୒ࢶͱͯ͠ɼ໨తޠݴଆͷલจʹֶश࣌ͱ຋༁࣌ͱ΋ʹ
Single-Sentenceͷग़ྗͷ୅ΘΓʹࣗ਎ͷػց຋༁݁ՌΛ༻͍Δ͜ͱ΋͑ߟΒΕ
Δɽࣗ਎ͷग़ྗΛ༻͍Δ৔߹ʹ͸ɼจॻ୯ҐͰ 1จͣͭॱ൪ʹػց຋༁͢Δඞ
ཁ͕͋Γɼจॻ಺ͷจΛฒྻʹ຋༁Ͱ͖ͳ͍ͱ͍͏໰୊͕͋Δɽ͞Βʹɼֶश
࣌ʹ͸Ϟσϧͷߋ৽͝ͱʹػց຋༁͢Δඞཁ͕͋ΔɽҰํͰɼʮ໨తޠݴଆͷ
લจʹػց຋༁݁ՌͷΈΛ༻͍ΔӨڹͷ࡯ߟʯͰࣔͨ͠Α͏ʹจ຺৘ใͱͯ͠
༻͍Δػց຋༁݁Ռͷ༁࣭΋຋༁ਫ਼౓ʹӨ͢ڹΔ͜ͱ͔Βɼ໨తޠݴଆͷલจ
ͱͯ͠ɼSingle-Sentenceͷग़ྗͷ୅ΘΓʹɼ༁࣭ͷ͍ࣗߴ਎ͷग़ྗΛ༻͍Δ͜
ͱͰɼ຋༁ਫ਼౓ͷظ্͕޲଴Ͱ͖Δɽ໨తଆͷલจʹֶश࣌ͷࣗ਎ͷग़ྗΛ༻
͍Δ͜ͱ͸ࠔ೉Ͱ͋Δ͕ɼ຋༁࣌Ͱ͋Ε͹ࣗ਎ͷग़ྗΛ༻͍Δ͜ͱ͕ՄೳͰ͋
Δɽͦ͜ͰɼTrg-Context Pred.ͷ຋༁࣌ʹ͸໨తޠݴଆͷલจͱͯ͠Trg-Context
Pred.ͷग़ྗΛ༻͍ɼఏҊख๏ͷ຋༁࣌ʹ͸໨తޠݴଆͷલจͱͯ͠ఏҊख๏
ͷग़ྗΛ༻͍ͨ৔߹ͷ݁ՌΛද 5.7ʹࣔ͢ɽػց຋༁ث͸ɼϚϧνΤϯίʔμ
จ຺ܕྀߟχϡʔϥϧػց຋༁Λ༻͍ͨɽTrg-Context Pred.ɼ͓ΑͼఏҊख๏ͷ
͍ͣΕʹ͓͍ͯ΋ɼ໨తޠݴଆͷલจʹࣗ਎ͷग़ྗΛར༻͢Δ͜ͱͰɼҰ෦ͷ
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ओޠͷলུ͋Γ

ख๏ ओޠͷলུͳ͠ ਖ਼ղ༁਺ ༁਺ޡ

Single-Sentence 201 49 50

ఏҊख๏ 201 63 36

ද 5.8: ਓखධՁ݁Ռɽ

λεΫͰ༗ҙʹBLEUείΞ͕͘ߴɼ͔ͭBLEUείΞ͕௿Լͨ͠λεΫ͸ͳ
͔ͬͨɽ͜ΕΒ͸໨తޠݴଆͷલจͷ༁࣭ͷ্޲ʹΑΔ΋ͷͱ͑ߟΒΕΔɽҎ
্ͷ݁ՌΑΓɼ຋༁଎౓Λ༏ઌ͢Δ৔߹͸ Single-Sentenceͷग़ྗΛ༻͍ɼ຋༁
඼࣭Λ༏ઌ͢Δ৔߹͸ࣗ਎ͷग़ྗΛ༻͍Ε͹Α͍ɽ

5.5.6 ਓखධՁʹΑΔ࡯ߟ

ද 5.3, 5.4ͷ຋༁࣮ݧͷ݁ՌΑΓɼ໨తޠݴଆͷલจΛ༻͍ͨఏҊख๏ͷจ
ց຋༁ͱൺػց຋༁͕ɼจ຺৘ใΛ༻͍ͳ͍χϡʔϥϧػχϡʔϥϧܕྀߟ຺
ֱͯ͠BLEUείΞʹ͓͍ͯ຋༁ਫ਼౓͕͍͜ߴͱΛ֬ೝ͕ͨ͠ɼ໨తޠݴଆͷ
લจΛ༻͍ͨ͜ͱͰ຋༁݁Ռʹ۩ମతʹͲͷΑ͏ͳޮՌ͕͋Δ͔Λ֬ೝ͢Δͨ
ΊʹɼTEDτʔΫίʔύεͷ೔ӳλεΫͷςετηοτ͔ΒϥϯμϜʹநग़͠
ͨ 300จରΛର৅ʹͯ͠ਓखධՁΛͨͬߦɽਓखධՁ͸ɼจ຺Λྀ͢ߟΔ͜ͱ
ͰޮՌ͕͋Δͱ͑ߟΒΕΔ຋༁݁Ռͷओޠͷิ׬ʹண໨ͨ͠ (Voita et al. 2018)ɽ
ධՁऀ໊͕̍೔ຊޠଆͰओ͕ޠলུ͞Ε͍ͯΔ͔Λ֬ೝ͠ɼ೔ຊޠଆͷओ͕ޠ
লུ͞Ε͍ͯΔ৔߹͸ɼӳޠଆͰਖ਼͘͠ओޠΛิͯ͠׬຋༁͍ͯ͠Δ͔Ͳ͏͔
Λ֬ೝͨ͠ɽද 5.8ʹਓखධՁͷ݁ՌΛࣔ͢ɽTEDτʔΫίʔύεͷ೔ӳλε
Ϋͷ೔ຊޠଆͷσʔλͰओޠͷলུͷ͋ͬͨจ͸͓Αͦ 1/3Ͱ͋ͬͨɽͦͷ͏
ͪɼओޠΛਖ਼͘͠ิͯ͠׬຋༁Ͱ͖ͨจ͸ɼSingle-SentenceͰ͸ 49Ͱ͋ͬͨͷ
ʹରͯ͠ɼఏҊख๏Ͱ͸ 63ͱͳΓɼఏҊख๏Λ༻͍Δ͜ͱͰਖ਼͘͠ओ׬ิ͕ޠ
Ͱ͖ͨ͜ͱΛ֬ೝͨ͠ɽ

5.5.7 ࡯ߟ͍ͨ༺Λྫࣄ

ද 5.9ʹɼTEDτʔΫίʔύεΛ༻͍ͨ೔ӳλεΫͷग़ྗྫΛࣔ͢ɽ্ஈ
ʢ఺ઢͷ্ʣʹ͸ɼ໨తޠݴଆͷલจͷࢀর༁ͱػց຋༁݁ՌʢMT-OUTʣɼ຋
༁ର৅ͷ೔ຊޠจͱࢀর༁Λࣔ͠ɼԼஈʢ఺ઢͷԼʣʹ͸ɼ֤ख๏ʹΑΔ຋༁
݁ՌΛࣔ͢ɽػց຋༁ث͸ɼϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁
Λ༻͍ͨɽྫจͷ຋༁ର৅ͷ೔ຊޠจʹ͸ɼθϩ୅ؚ໊͕ࢺ·Εɼ͔ͭɼ໨
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తޠݴଆͷจ͔Β୅໊ࢺΛਪఆͰ͖Δͱ͑ߟΒΕΔ΋ͷΛબΜͩɽ࠷ॳͷྫ
ʢ#1ʣ͸ɼಉ͡จʢ“We choose to go to the moon.”ʣ͕̎౓ଓ͘έʔεͰ͋Γɼ୅
Ͱ͋Δޠʣ͕লུ͞Ε͍ͯΔɻ຋༁ର৅จͰ͸ɼจͷओ”ͪͨࢲʹʢ“Weࢺ໊
“We=ͪͨࢲ”͕লུ͞Ε͓ͯΓɼจ຺Λྀ͠ߟͳ͍ػց຋༁ʢSingle-Sentenceʣ
͸ओޠΛͯͬޡ຋༁ͨ͠ɽҰํɼจ຺Λػྀͨ͠ߟց຋༁Ͱ͸̐ͭͱ΋ओޠ
Λద੾ʹิͯ͠׬຋༁ͨ͠ɽ̎൪໨ͷྫʢ#2ʣ͸ɺલจ͕௕จͷྫͰ͋Γɼ୅
ࢺց຋༁Ͱ͸୅໊ػͳྀ͍͠ߟʢ“himʹ൴”ʣ͕লུ͞Ε͍ͯΔɽจ຺Λࢺ໊
Λิͣͤ׬ʹ຋༁ͨ͠ɽจ຺ػܕྀߟց຋༁Ͱ͸ɼޠݴݪଆͷલจΛ༻͍ͨ
ख๏ʢSrc-ContextʣͱఏҊख๏͸୅໊ࢺΛਖ਼͘͠ิͯ͠׬຋༁͍ͯ͠Δ͕ɼ໨
తޠݴଆͷલจΛ༻͍ͨͦͷଞͷख๏ʢTrg-Context GTɼTrg-Context Pred.ʣͰ
͸ɼͨͬޡ୅໊ࢺΛิͯ͠׬຋༁ͨ͠ɽલจ͕௕จʹͳΔͱΤϯίʔμ͕໨త
೉ͱͳΔɽ͜ͷྫ͸ɼTrg-Contextࠔଆͷจ຺Λద੾ʹॲཧ͢Δ͜ͱ͕ޠݴ GTɼ
Trg-Context Pred.ʹ͓͍ͯɼΤϯίʔμ͕ద੾ʹॲཧͰ͖ͳ͔ͬͨྫͰ͋Δͱߟ
͑ΒΕΔɽ̏൪໨ͷྫʢ#3ʣ͸ɺ୅໊ࢺʢ“hisʹ൴”ʣ͕লུ͞Ε͍ͯΔɽఏҊ
ख๏ͷΈ͕୅໊ࢺΛద੾ʹิͯ͠׬຋༁͍ͯ͠Δɽ

5.6 ·ͱΊ
ຊষͰ͸ɼจ຺ܕྀߟχϡʔϥϧػց຋༁ʹ͓͍ͯɼ໨తޠݴଆͷจ຺Λޮ

Ռతʹར༻͢Δख๏ΛఏҊͨ͠ɽఏҊख๏Ͱ͸ɼֶश࣌ͱ຋༁࣌ͷؒʹ͋Δ໨
తޠݴଆͷલจͷσʔλͷಛ௃ͷҧ͍ʢ࿐ग़όΠΞεʢexposure biasʣʣͷ໰୊
ͷղফΛ໨తͱ͠ɼ໨తޠݴଆͷࢀর༁ͱػց຋༁݁Ռͷ྆ํΛ༻͍ͯɼεέ
δϡʔϧυαϯϓϦϯά๏ͰֶशσʔλΛ੍ͨ͠ޚɽ݁߹ϕʔεจ຺ܕྀߟ
χϡʔϥϧػց຋༁ͱϚϧνΤϯίʔμจ຺ܕྀߟχϡʔϥϧػց຋༁Λ༻͍
ͯఏҊख๏Λ࣮૷͠ɼӳ೔ɾ೔ӳɼ͓Αͼӳಠɾಠӳͷػց຋༁λεΫͰධՁ
ͨ͠ɽ࣮ݧʹΑΓɼBLEUείΞʹ͓͍ͯఏҊख๏ͷ༗ޮੑΛ֬ೝͨ͠ɽޙࠓ
ͷ՝୊ͱͯ͠ɼఏҊख๏ͷ֤λεΫʹ͓͚Δ࠷దͳϋΠύʔύϥϝʔλʔ஋ͷ
ௐ͕ࠪ͋Δɽ·ͨɼຊষͰ͸ػࢉܭͷੑೳΛྀͯ͠ߟ໨తޠݴଆͷจ຺৘ใΛ
લจʹݶఆ͕ͨ͠ɼ໨తޠݴଆͱޠݴݪଆͷपลͷෳ਺จΛซ༻ͨ͠ख๏ͷݕ
౼΋ඞཁͰ͋Δɽ
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ೖྗɾࢀর༁ʢ্ஈʣ ೖྗσʔλʢ্ஈʣ

ख๏ʢԼஈʣ ຋༁݁ՌʢԼஈʣ

#1

໨తޠݴଆͷલจ We choose to go to the moon.

ʢࢀর༁ʣ

໨తޠݴଆͷલจ We decided to go to the moon.

ʢMT-OUTʣ

຋༁ର৅จ ͱʹͨ͠ΜͰ͘͢͜ߦʹ݄

র༁ࢀ We choose to go to the moon.

Single-Sentence I went to the moon.

Src-Context We decided to go to the moon.

Trg-Context GT We decided to go to the moon.

Trg-Context Pred. We decided to go to the moon.

ఏҊख๏ We decided to go to the moon.

#2

໨తޠݴଆͷલจ On the day after September 11 in 2001, I heard the growl of a

ʢࢀর༁ʣ sanitation truck on the street, and I grabbed my infant son and

I ran downstairs and there was a man doing his paper recycling

route like he did every Wednesday.

໨తޠݴଆͷલจ On September 11, 2001, I heard a young man flying in a city,

ʢMT-OUTʣ and he went down, and a man came down the stairs, he was

going down the stairs, he was going down a piece of paper, and

he was doing it every Wednesday.

຋༁ର৅จ ͋ͷ೔ʹҰ೔தࣄ࢓Λͯ͘͠Ε͍ͯΔ͜ͱʹ͠ँײΑ͏

ͱ͠·ͨ͠Ͱ΋ྦ͕ग़͖ͯͨͷͰ͢

র༁ࢀ And I tried to thank him for doing his work on that day of all

days, but I started to cry.

Single-Sentence And I was trying to appreciate the fact that I was doing my

work every day, but tears were coming out.

Src-Context And on that day, I decided to thank him for doing my work,

but I came up with tears.

Trg-Context GT And I was going to thank you for that day, and I was going to

thank you for doing my work every day, but I got to tears.

Trg-Context Pred. And on that day, I thank you very much for doing everything

in that day, but tears come up and tears come up.

ఏҊख๏ And I was grateful for that day, and I tried to thank him for

doing work all the day, but I had tears in my tears.
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#3

໨తޠݴଆͷલจ I would like to talk to you about a story about a small town

ʢࢀর༁ʣ kid.

໨తޠݴଆͷલจ I’m going to talk about a boy in a village.

ʢMT-OUTʣ

຋༁ର৅จ ໊લ͸஌Γ·ͤΜ͕൴ͷ࿩͸Ͱ͖·͢

র༁ࢀ I don’t know his name, but I do know his story.

Single-Sentence I don’t know the name, but I can tell you his story.

Src-Context You don’t know the name, but you can talk to him.

Trg-Context GT I don’t know the name, but I can tell him.

Trg-Context Pred. He doesn’t know the names, but he can tell the story.

ఏҊख๏ I don’t know his name, but I can tell you his story.

ද 5.9: TEDτʔΫίʔύεΛ༻͍ͨ೔ӳػց຋༁࣮ݧͷ຋༁݁Ռྫʢ্ஈɿೖ
ྗͱࢀর༁ɼԼஈɿ֤ख๏ͷ݁Ռʣɽ
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ୈ6ষ

݁࿦

ຊ࿦จͰ͸ɼχϡʔϥϧػց຋༁ͷֶश࣌ͱ຋༁࣌ʹ͓͍ͯಛ௃͕ҧ͏σʔλ
Λ༻͍Δ͜ͱͰ຋༁ਫ਼౓͕௿Լ͢Δ՝୊ʹண໨ͨ͠ɽσʔλߏஙʹඞཁͳਓख
΍ػࢉܭͷίετͳͲΛྀ͢ߟΔͱɼֶश࣌ͱ຋༁࣌ʹ͓͍ͯಛ௃͕ҧ͏σʔ
λΛ༻͍Δχϡʔϥϧػց຋༁ͷਫ਼౓Λ্ͤ͞޲Δ͜ͱ͸࣮༻తʹॏཁͰ͋
Δɽຊ࿦จͰ͸ɼֶश࣌ͱ຋༁࣌ʹ͓͚Δσʔλͷಛ௃Λɼ຋༁ର৅Ͱ͋Δೖ
ྗσʔλɼ຋༁݁ՌͰ͋Δग़ྗσʔλɼೖग़ྗσʔλؒͷؔ܎ɼ຋༁ର৅ͱ͸
ผͷ֎෦৘ใͷ̐छྨʹ෼ྨ͠ɼ͜ΕΒͷಛ௃ͷҧ͍ʹΑΓ຋༁ਫ਼౓͕௿Լ͢
Δ̎ͭͷχϡʔϥϧػց຋༁ͷλεΫʹऔΓ૊Μͩɽ
̍ͭ໨͸ɼ຋༁ର৅Ͱ͋Δೖྗσʔλɼ຋༁݁ՌͰ͋Δग़ྗσʔλɼೖग़ྗ

σʔλؒͷؔ܎ɼͷಛ௃ͷҧ͍Λѻ͏υϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋
༁ͷλεΫͰ͋Δɽ͜ͷλεΫ͸ɼ຋༁ର৅ͱ͸υϝΠϯ͕ҧ͏ର༁σʔλΛ
ɽैདྷख๏Ͱ͋ΔλάΛ༻͍ͯυϝΠϯͷҧ͍Λ۠ผͯ͠͏ߦ຋༁Λͯ͠༺׆
ֶश͢Δख๏ʹண໨͠ɼैདྷख๏Ͱ͸ѻ͑ͳ͔ͬͨෳ਺ͷಛ௃Λ۠ผֶͯ͠श
Ͱ͖Δෳ਺ͷυϝΠϯλάΛ༻͍ͨख๏ΛఏҊͨ͠ɽ̐ͭͷχϡʔεͷର༁
ίʔύεΛ༻͍ͨ೔ӳػց຋༁ͷ࣮ݧͰɼैདྷख๏ͱൺֱͯ͠ఏҊख๏ͷ຋༁
ਫ਼౓্͕͢޲Δ͜ͱΛ֬ೝͨ͠ɽ
̎ͭ໨͸ɼ຋༁ର৅ͱ͸ผͷ֎෦৘ใͱͯ͠໨తޠݴଆͷલจΛ༻͍Δจ຺

ց຋༁ͷλεΫͰ͋Δɽ͜ͷλεΫ͸ɼ຋༁ର৅ͷจʹ໨ػχϡʔϥϧܕྀߟ
తޠݴଆͷલจΛೖྗσʔλʹ௥Ճͯ͠຋༁Λ͏ߦɽैདྷख๏͸ɼֶश࣌ͱ຋
༁࣌ͱͰಛ௃͕ҧ͏໨తޠݴଆͷલจΛ༻͍͍ͯͨͨΊʹ຋༁ਫ਼౓͕௿Լͯ͠
͍ͨɽຊ࿦จͰ͸ɼֶश࣌ͱ຋༁࣌Ͱ༻͍Δσʔλͷಛ௃͕ҧ͏͜ͱʹΑΔӨ
Ԡͯ͡ʹߦଆͷલจΛֶशͷਐޠݴΛ؇࿨͢ΔͨΊʹɼֶश࣌ʹ༻͍Δ໨తڹ
ց຋༁݁Ռ΁ஈ֊తʹ੾Γସ͑Δख๏ΛఏҊͨ͠ɽχϡʔείʔػর༁͔Βࢀ
ύεΛ༻͍ͨӳ೔ɾ೔ӳػց຋༁ͱɼIWSLT2017ͷTEDτʔΫίʔύεΛ༻͍
ͨӳ೔ɾ೔ӳɼ͓Αͼӳಠɾಠӳػց຋༁ͷ࣮ݧͰɼैདྷख๏ͱൺֱͯ͠ఏҊ
ख๏ͷ຋༁ਫ਼౓্͕͢޲Δ͜ͱΛ֬ೝͨ͠ɽ
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6.1 ݙߩ
ຊ࿦จશମɼ͓ΑͼݸʑͷλεΫͷݙߩΛ·ͱΊΔɽ

શମͷݙߩ
ຊ࿦จͷओͳݙߩ͸ɼֶश࣌ͱ຋༁࣌ʹ͓͚Δσʔλͷಛ௃Λ̐छྨʹ
෼ྨ͠ɼ͜ΕΒͷಛ௃ͷҧ͍ʹىҼ͢Δ຋༁ਫ਼౓ͷ௿Լͷ໰୊Λ௿͢ݮ
Δख๏ΛఏҊͨ͜͠ͱͰ͋Δɽֶश࣌ͱ຋༁࣌ʹ͓͚Δσʔλͷಛ௃Λ
ମܥతʹ෼ྨ͠ɼσʔλͷಛ௃ͷҧ͍Λৄࡉʹ۠ผͯ͠ରԠ͢Δ͜ͱͰ
຋༁ਫ਼౓ͷظ্͕޲଴Ͱ͖ɼ̎ͭͷχϡʔϥϧػց຋༁ͷλεΫͰޮՌ
Λ֬ೝͨ͠ɽֶश࣌ͱ຋༁࣌ʹ͓͚Δσʔλͷಛ௃ͷҧ͍͸χϡʔϥϧ
ց຋༁ʹͱͬͯҰൠతͳ՝୊Ͱ͋Γɼຊ࿦จ͕ѻͬͨ̎ͭͷχϡʔϥϧػ
ց຋༁Ҏ֎ͷλεΫʹ΋Ԡ༻͕ՄೳͰ͋Δɽػ

υϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁
ैདྷख๏͸σʔλͷಛ௃ͷҧ͍Λର༁σʔλશମͰଊ͑ͣʹݸʑͷจͷ
ಛ௃ʹண໨ͯ͠෼ྨ͍ͯͨ͠ɽͦΕʹରͯ͠ఏҊख๏͸ɼैདྷख๏ͷ෼
ྨ͕े෼Ͱͳ͍͜ͱΛࣔ͠ɼσʔλͷಛ௃ͷҧ͍Λɼޠݴݪଆͷಛ௃ɼ
໨తޠݴଆͷಛ௃ɼޠݴݪଆͱ໨తޠݴଆͷσʔλؒͷಛ௃ʹ෼ྨͯ͠
ֶश͢Δ͜ͱͰɼ຋༁ਫ਼౓্͕͢޲Δ͜ͱΛࣔͨ͠ɽ

໨తޠݴͷલจΛ༻͍ͨจ຺ܕྀߟχϡʔϥϧػց຋༁
ैདྷख๏͸຋༁ਫ਼౓͕௿Լ͢Δͱ͍͏໰୊͕͕͋ͬͨɼ໰୊ͷݪҼ͕໌
Β͔Ͱ͸ͳ͔ͬͨɽຊ࿦จͰ͸ɼ͜ͷݪҼֶ͕श࣌ͱ຋༁࣌Ͱಛ௃͕ҧ
͏໨తޠݴଆͷલจΛ༻͍͍ͯͨͨΊͰ͋Δ͜ͱΛ໌Β͔ʹ͠ɼֶश࣌
ʹ༻͍Δ໨తޠݴଆͷจ຺৘ใΛֶशͷਐߦʹԠͯ͡ࢀর༁͔Βػց຋
༁݁Ռ΁ஈ֊తʹ੾Γସ͑Δख๏ΛఏҊͨ͠ɽ͜ΕʹΑΓɼ໨తޠݴଆ
ͷपลͷจΛ༻͍ͨ৔߹Ͱ΋຋༁ਫ਼౓্͕͢޲Δ͜ͱΛࣔͨ͠ɽ

6.2 ͷ՝୊ޙࠓ
·ͣɼχϡʔϥϧػց຋༁ʹ͓͚Δকདྷతͳ՝୊Λ̎ͭࣔ͢ɽ

• ຊ࿦จ͕ѻͬͨ̎ͭͷχϡʔϥϧػց຋༁Ҏ֎ͷλεΫʹ͓͍ͯɼֶश࣌
ͱ຋༁࣌ͱͷಛ௃ͷҧ͍ʹΑΓ຋༁ਫ਼౓͕௿Լ͍ͯ͠Δ͔Ͳ͏͔͢ূݕ
Δඞཁ͕͋Δɽֶश࣌ͱ຋༁࣌ʹ͓͚Δσʔλͷಛ௃ͷҧ͍͸ɼେྔͷ
ֶशσʔλΛඞཁͱ͢ΔλεΫͰ͜ىΓ΍͍͢ݱ৅Ͱ͋Δͱ͑ߟΔɽྫ
͑͹ɼϚϧνϞʔμϧ຋༁΍ཁ໿຋༁ͳͲͰূݕΛ͍ߦɼैདྷख๏ֶ͕
श࣌ͱ຋༁࣌ʹ͓͚Δσʔλͷಛ௃ͷҧ͍Λྀͨ͠ߟख๏ͱͳ͍ͬͯΔ
Δඞཁ͕͋Δɽ͢ূݕ͔
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• υϝΠϯ͕ෆ໌ͳίʔύεʹରԠ͢Δඞཁ͕͋ΔɽఏҊख๏͸༻͍Δ
ίʔύεͷಛ௃͕෼͔͍ͬͯΔ͜ͱ͕લఏͱͳ͍ͬͯΔ͕ɼྫ͑͹΢Σϒ
͔Βऩूͨ͠σʔλͳͲσʔλ͝ͱʹҟͳΔಛ௃Λ࣋ͭίʔύεʹ͸ର
ԠͰ͖ͳ͍ɽ͜ͷΑ͏ͳίʔύεʹఏҊख๏Λద༻͢Δʹ͸ΫϥελϦ
ϯάख๏ͳͲΛ༻͍ͯίʔύεΛ෼ྨ͢Δඞཁ͕͋Γɼ༗ޮͳ෼ྨख๏
Λݕ౼͢Δඞཁ͕͋Δɽ

࣍ʹɼݸʑͷλεΫʹ͓͚Δޙࠓͷ՝୊Λࣔ͢ɽ

υϝΠϯλάΛ༻͍ͨχϡʔϥϧػց຋༁
຋༁ਫ਼౓ͷدʹ্޲༩͢ΔυϝΠϯλάͷબఆख๏Λݕ౼͢Δඞཁ͕͋
Δɽຊ࿦จͰ͸ɼ຋༁ݩͷޠݴଆʢޠݴݪଆʣͷಛ௃ɼ຋༁ઌͷޠݴଆ
ʢ໨తޠݴଆʣͷಛ௃ɼ͓Αͼޠݴݪଆͱ໨తޠݴଆͷσʔλؒͷಛ௃ʹ
෼͚ͯυϝΠϯλάΛ෇༩͕ͨ͠ɼద੾ͳυϝΠϯλάͷ෇༩͸ར༻͢
Δର༁ίʔύεʹґଘ͢Δͱ͑ߟΒΕΔɽྫ͑͹ɼޠݴݪଆͱ໨తޠݴ
ଆͷσʔλؒͷಛ௃ͷҧ͍͸ɼ༁ൈ͚ɼա৒༁ɼޡ༁ɼҙ༁ͳͲɼίʔύ
εʹΑΓෳ਺ͷಛ௃ͷ૊Έ߹ΘͤͰ۠ผͰ͖Δ৔߹͕͋Δɽͦͷ৔߹ɼ
σʔλؒͷಛ௃ͷҧ͍ʹΑͬͯෳ਺ͷλάΛ෇༩ͨ͠ํ͕Α͍Մೳੑ͕
͋ΓɼଞͷσʔληοτΛ༻͍࣮ͨݧΛ͏ߦඞཁ͕͋Δɽ·ͨɼ຋༁඼࣭
ͷ௿͍Ξ΢τΦϒυϝΠϯͷσʔληοτΛ༻͍࣮ͨݧΛ͍ߦɼΞ΢τ
ΦϒυϝΠϯͷσʔλͷ຋༁඼࣭ͱఏҊख๏ͷޮՌͱͷؔ࿈ੑΛ໌Β͔
ʹ͢Δඞཁ͕͋Δɽ

໨తޠݴͷલจΛ༻͍ͨจ຺ܕྀߟχϡʔϥϧػց຋༁
༻͍ΔσʔλΛม͑ͨ৔߹ʹɼఏҊख๏ͷ֤λεΫʹ͓͚Δ࠷దͳϋΠ
ύʔύϥϝʔλʔ஋͕ͲͷΑ͏ʹมΘΔ͔Λௐࠪ͠ɼఏҊख๏ͷޮՌͷ
ൣғΛ֬ೝ͢Δඞཁ͕͋Δɽ·ͨɼຊ࿦จͰ͸ݯࢿػࢉܭͷؔ܎Ͱ໨త
༺ց຋༁Λػχϡʔϥϧܕྀߟଆͷલͷ̍จͷΈΛର৅ͱͯ͠จ຺ޠݴ
͍͕ͨɼఏҊख๏͸໨తޠݴଆͷपลͷෳ਺จΛ༻͍Δ͜ͱ΋ՄೳͰ͋
Δଞɼޠݴݪଆͷपลͷෳ਺จΛซ༻͢Δ͜ͱ΋ՄೳͰ͋Δɽจ຺৘ใ
ͷద༻ൣғΛࡍͨ͛޿ͷޮՌΛ໌Β͔ʹ͢Δඞཁ͕͋Δͱ͑ߟΔɽ
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ँࣙ

ຊڀݚΛਐΊɼ࿦จΛ·ͱΊΔʹ͋ͨΓɺ͝ࢦಋͱ͝ॿݴΛࣀΓ·ͨ͠ଟ͘ͷ
ํʑʹର͠ɺँײͷݴ༿Λड़΂͍͖ͤͯͨͩ͞·͢ɻओࢦಋ׭ڭͰ͋ΔಙӬ݈
ΑΓࠒɼ೔ͯؔ͠ʹڀݚॲཧશൠͷޠݴͰͳ͘ɼࣗવ͚ͩڀݚतʹ͸ɼຊڭ৳
ଟ͘ͷ͝ࢦಋͱ͝ॿݴΛࣀΓ·ͨ͠ɽਂ͍ͨ͘͠ँײ·͢ɽ৹ࠪҕһͰ͋Δɼ
Ԭ࡚௚ڭ؍तɼ࡚ٶ७ڭतɼଜా߶ڭࢤतɼԼࡔਖ਼ྙ।ڭतʹ͸ɼຊڀݚʹ
ݚɽ·ͨɼຊ͢·͍ͨ͠ँײΓ·ͨ͠ɽਂ͘ࣀΛݴಋͱ͝ॿࢦॏͳ͝وͯؔ͠
·ͷΈͳ͞·ʹ͓ྱਃ্͛ࣨ͠ڀݚΓ·ͨ͠ಙӬࣀΛݟʑͳ͝ҙ༷͍ͯͭʹڀ
͢ɽNHK์ૹٕज़ڀݚॴͷޙ౻ޭ༤ࢯɼాࢁҰ࿠ࢯʹ͸ɼຊڀݚΛ·ͱΊΔ্
Ͱͷ͝഑ྀΛࣀΓ·ͨ͠ɽਂ͍ͨ͘͠ँײ·͢ɽڀݚཱࠃ։ൃ๏ਓ৘ใ௨৴
ߏػڀݚ (NICT)ͷాதӳًࢯʹ͸ɼຊڀݚͰ༻͍ͨίʔύεʹؔͯ͠وॏͳ
͝ҙݟΛࣀΓ·ͨ͠ɽਂ͍ͨ͘͠ँײ·͢ɽຊڀݚ੒ՌͷҰ෦͸ڀݚཱࠃ։
ൃ๏ਓ৘ใ௨৴ߏػڀݚ (NICT)ͷҕୗڀݚʮଟޠݴԻ੠຋༁ߴ౓ԽͷͨΊͷ
σΟʔϓϥʔχϯάٕज़ͷڀݚ։ൃʯʹΑΓಘΒΕͨ΋ͷͰ͢ɽ͋Γ͕ͱ͏͝
͍͟·ͨ͠ɽ
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