
ґଘߏ଄ͷ࿈࠯Λྀͨ͠ߟχϡʔϥϧจѹॖ

্֞֎ӳ߶ ඙ࠀྛ ฏඌ౒ Ӭాণ໌
NTTίϛϡχέʔγϣϯՊֶڀݚૅجॴ

1 ͸͡Ίʹ

จѹॖͱ͸ɺݪจͷେҙΛอͭͭ࣋͠ɺ୯ޠΛ࡟আ͢Δ͜
ͱͰ୹͍จΛੜ੒͢ΔλεΫͰ͋ΔɻࡏݱɺѹॖจͷՄಡ
ੑΛ୲อ͢ΔͨΊʹɺߏจ໦ΛמΓࠐΉख๏ [6, 9, 1, 3] ΍ɺ
Sequence-to-Sequence (Seq2Seq) Λ༻͍Δख๏ [2] ͕ఏҊ͞
Ε͍ͯΔɻWang Β [11] ͸͜ΕΒͷख๏Λ૊Έ߹ΘͤΔ͜
ͱͰੑߴ࠷ೳΛୡ੒͢ΔจѹॖثΛ࣮ͨ͠ݱɻ۩ମతʹ͸ɺ
LSTM Λ༻͍ͯจதͷ֤୯͕ޠѹॖจʹ࠾༻͞ΕΔॏΈ (֬
཰஋)Λ෇༩͠ɺॏΈͷ࿨͕࠷େͱͳΔΑ͏୯ޠґଘߏ଄໦Λ
ΉɻࠐΓמ
͔͠͠ɺWangΒͷख๏͸ɺґଘߏ଄໦ͷ༿ϊʔυ͔Βॱʹ

୯ޠΛ࡟আ͢Δख๏Ͱ͋Γɺґଘߏ଄໦ͷ༿ʹ͍ۙϊʔυʹ
ॏཁͳ୯͕ͨͬ͋ޠͱͯ͠΋ɺͦΕ͕͔ࠜΒ཭Ε͍ͯΔɺͭ
·Γਂ͍Ґஔʹ͋Δ৔߹ʹ͸ɺѹॖจʹ͜͢࢒ͱ͕೉͍͠ɻ
·ͨɺਤ 1ʹࣔ͢Α͏ʹɺࣄલௐࠪͷ݁ՌɺSeq2SeqͷΑ

͏ͳґଘߏ଄໦ʹཔΒͳ͍ख๏Ͱ͋ͬͯ΋ɺਂ͍ґଘߏ଄Λ
จͰ͸จѹॖͷੑೳ͕௿Լ͢Δ͜ͱ͕൑໌ͨ͠*1ɻ͞Βͭ࣋
ʹਤ 2ʹࣔ͢Α͏ʹɺ͜ͷΑ͏ͳਂ͍ґଘߏ଄໦͸௕จʹଘ
Δ͜ͱ͕ଟ͍ɻ௕จΛ୹͘͢Δ͜ͱ͕໨తͰ͋Δจѹॖ͢ࡏ
λεΫʹ͓͍ͯɺਂ͍ґଘߏ଄໦Λͭ࣋จͷѹॖੑೳΛ্޲
ͤ͞Δ͜ͱ͸ɺॏཁͳ՝୊Ͱ͋Δɻ
ਤ 3 ʹਂ͍ґଘߏ଄Λͭ࣋จͱͦͷѹॖ݁ՌͷྫΛࣔ͢ɻ
͜ͷྫ͸ిྗ༌ೖڠఆʹؔ͢ΔจͰ͋Γɺ໊͕ࠃॏཁͰ͋
Δɻ໊ࠃΛࣔ۟͢ “from Kyrgyz Republic and Tajikistan”Λҡ
ޠ͸ɺ͜ͷ͔۟Βϧʔτ·Ͱʹ୧Δ୯ʹ͏ߦѹॖΛͭͭ࣋͠
“signed”ɺ“resolution”ɺ“import”΋ѹॖޙͷจͰҡ࣋͠ͳ͚
Ε͹ͳΒͳ͍ɻͭ·Γɺґଘߏ଄໦ͷਂ͍Ґஔʹॏཁͳ୯ޠ
͕ग़͢ݱΔ৔߹ʹɺͦΕΛѹॖจʹͨ͢࢒Ίʹ͸ґଘߏ଄ͷ
࿈࠯Λྀ͠ߟͳ͚Ε͹ͳΒͳ͍ɻ
ຊߘͰ͸ɺਂ͍ґଘߏ଄Λͭ࣋จͷѹॖਫ਼౓Λ্ͤ͞޲Δ

ͨΊʹɺ೚ҙͷ୯͔ޠΒ૆ઌ΁ͷґଘߏ଄ͷ࿈࠯Λྀͨ͠ߟ
஫ҙߏػΛఏҊ͠ɺSeq2Seqʹ૊ΈࠐΉɻ
͜ͷΑ͏ͳ࿈࠯Λ஫ҙߏػͰྀ͢ߟΔͨΊʹ͸ɺࢣڭσʔ

λͱͯ͠ਖ਼ղͱͳΔґଘߏ଄໦͕ඞཁͱͳΔɻ͔͠͠ɺզʑ
Αͬͯղੳ͞ʹثจղੳߏଘͷطσʔλ͸ࢣڭՄೳͳ༺࢖͕
Εͨ݁ՌʹݶΒΕΔͨΊɺޡΓΛؚΉՄೳੑ͕͋ΔɻޡΓͷ
ӨڹΛආ͚ΔͨΊɺఏҊख๏͸ɺෳ਺ͷ୯ؒޠͷґଘͷՄೳ
ੑΛྀͭͭ͠ߟɺ୯ޠͷ࡟আ֬཰Λಉ࣌ʹֶश͢Δɻ
ͷ݁ՌɺఏҊख๏͸ݧ࣮ Google จѹॖσʔληοτʹ͓
͍ͯ F ஋Ͱߴ࠷ਫ਼౓Λୡ੒͠ɺROUGE-1,2,L είΞʹ͓͍
ͯ΋ैདྷख๏͔Βͷվળ͕֬ೝ͞Εͨɻ͞ΒʹɺධՁͷର৅

*1 F஋ͷࢉܭʹ͸ FillipovaΒͷ Seq2Seq [2]Λɺୈ 4અͰઆ໌͢Δ࣮ݧ
ઃఆʹ࢖͍ͯͮج༻ͨ͠ɻ

ਤ 1: ґଘߏ଄໦ͷਂ͞ͱ Seq2Seqͷ F஋

ਤ 2: จͷ௕͞ͱґଘߏ଄໦ͷਂ͞

Λਂ͍ґଘߏ଄Λͭ࣋จʹݶఆͨ͠৔߹ʹ͓͍ͯ΋ɺఏҊख
๏ʹΑΔ F஋ͱ ROUGE-1,2,LείΞͷվળ͕֬ೝ͞Εͨɻ

2 Seq2SeqʹΑΔจѹॖ
զʑ͕ఏҊ͢Δ஫ҙߏػΛ૊ΈࠐΉ Seq2SeqϞσϧʹ͍ͭ

ͯઆ໌͢Δɻ͜ͷ Seq2SeqϞσϧ͸ɺFillipova͕ఏҊͨ͠Ϟ
σϧͷ֦ுͰ͋Γɺ୯ޠຒΊࠐΈ૚ɺΤϯίʔμɺσίʔμɺ
ग़ྗ෦ʹΑͬͯߏ੒͞Ε͍ͯΔɻ
จѹॖ͸ೖྗ୯ྻޠ x = (x0, ..., xn) தͷ୯ޠ xt ʹର͠ɺ
ग़ྗϥϕϧ yt Λ (“ҡ࣋”ɺ“࡟আ”ɺ“จͷऴྃ”)͔Βબ୒͢Δ
λεΫͰ͋Δͱ͑ߟΔ͜ͱ͕Ͱ͖ΔɻFillipova Β [2] ͸ϥϕ
ϧͷ༧ଌʹ Seq2SeqΛ༻͍Δ͜ͱͰɺग़ྗϥϕϧؒͷґଘΛ
Δɻ͍ͯͬߦจѹॖΛྀͨ͠ߟ
୯ޠຒΊࠐΈ૚Ͱ͸ɺ୯ޠ xt ʹର͢ΔຒΊࠐΈϕΫτϧ et

Λ͢ࢉܭΔͨΊʹɺ୯ޠͷද૚ɺ඼ࢺɺґଘؔ܎ϥϕϧʹର
͢ΔຒΊࠐΈϕΫτϧ wiɺpiɺri Λ ei = [wi, pi, ri]ͷΑ͏ʹ
݁߹͢Δ [11]ɻͳ͓ɺ[]͸ϕΫτϧͷ݁߹Λද͢ɻ
ΤϯίʔμͰ͸ɺforward-LSTMͱ backward-LSTM͔Βߏ
੒͞ΕΔ྆ํ޲ LSTMΛ༻͍ͯɺ͞ࢉܭΕͨຒΊࠐΈϕΫτ
ϧ et ΛӅΕঢ়ଶϕΫτϧ ht ΁ͱม͢׵Δɻbackward-LSTM
ͷ࠷ऴঢ়ଶ͸σίʔμͷॳظঢ়ଶ΁ͱҾ͖͕ܧΕΔɻ
σίʔμͰ͸ɺ୯ޠຒΊࠐΈ etɺyt−1 ͷ 3-bit ͔ΒͳΔ

one-hot ͳϕΫτϧຒΊࠐΈͱҎલͷӅΕঢ়ଶ dt−1(ޙड़) Λ
݁߹ͨ͠ϕΫτϧΛɺforward-LSTMΛ༻͍ͯɺӅΕঢ়ଶ −→s t

΁ͱม͢׵Δɻ
ग़ྗ෦Ͱ͸ɺϥϕϧ yt ͷग़ྗ֬཰Λɺ

P (yt | y<t,x)=softmax(Wo · dt) · δyt , (1)
dt=[ht,

−→s t] (2)
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Pakistan signed a resolution on Monday to import 1,300 MW of electricity from Kyrgyz Republic and Tajikistan to overcome power shortage in summer season ...

ਤ 3: ਂ͍ґଘߏ଄໦Λͭ࣋จͱͦͷѹॖ݁Ռͷྫɻփ৭ͷ୯ޠ͸࡟আ͞Εͨ͜ͱΛ͍ࣔͯ͠Δɻ

x0 x1 x2 x3 x4 x5 x6 x7

h0 h1 h2 h3 h4 h5 h6 h7

਌΁ͷ஫ҙߏػ

h1 h2 h3 h4 h5 h6 h7

Σ

Σ

Σ

ߏػత஫ҙؼ࠶ (d = {1, 2, 3})

d = 1

d = 2

d = 3

Σ

બ
୒
త
஫
ҙ
ػ
ߏ

−→
h 7
←−
h 0
−→s 7

Ω7

y7

γ3,7

γ2,7

γ1,7

α1,2,7 · h2

α1,5,7 · h5

α1,6,7 · h6

β3,7 · γ3,7

β2,7 · γ2,7

β1,7 · γ1,7

Pparent

ROOT

h7

−→s 7

x7y6

softmax

y6

h6 Ω6

−→s 6

x6y5

softmax

y1

h1 Ω1

−→s 1

x1y0

softmax

←−
h 0

ਤ 4: ఏҊख๏ͷωοτϫʔΫߏ੒ਤ

ͷΑ͏ʹ͢ࢉܭΔ [10]ɻWo ͸ιϑτϚοΫε૚ͷॏΈྻߦ
Λɺδyt ͸ yt ൪໨ͷཁૉͰ͸ 1ΛɺͦΕҎ֎Ͱ͸ 0Λग़ྗ͢
Δ 2஋ϕΫτϧΛͦΕͧΕද͢ɻ

3 ఏҊख๏

զʑ͕ఏҊ͢Δґଘߏ଄ͷ࿈࠯Λྀͨ͠ߟ஫ҙߏػ͸ɺલ
અʹͯઆ໌ͨ͠ Seq2Seqͷ্ʹߏங͞ΕΔɻਤ 4͸ఏҊख๏
Λ༻͍ͨ Seq2Seqͷ֤ϞδϡʔϧͱωοτϫʔΫؒͷ݁߹Λ
͍ࣔͯ͠Δɻ͜ͷਤͰ͸ɺೖྗ͞Εͨ୯ྻޠʹର͠ɺ୯ޠ x7

ͷϥϕϧ y7 ͷग़ྗ֬཰Λܾఆ͢Δաఔ͕ඳ͔Ε͍ͯΔɻy7
ͷग़ྗ֬཰͸࣍ͷΑ͏ʹ༧ଌ͞ΕΔɻ

1. ਌΁ͷ஫ҙߏػ͸୯ޠ xt ͷ਌͕ xi ͱͳΔ֬཰
Pparent(xi|xt,x) ΛӅΕঢ়ଶ hi ͱ ht Λ༻͍ͯ͢ࢉܭΔɻ
͜ͷࢉܭ͸શͯͷ xi, xt ͷରʹରͯ͠ߦΘΕΔɻਤ 4 ʹ
͓͚Δ਌΁ͷ஫ҙߏػதͷހ͸ɺͦΕͧΕͷࢠʹର͠ɺ਌
ͱͳΔ֬཰͕΋ͬͱ΋͍ߴ୯ޠΛ͍ࣔͯ͠Δɻ

2. ͸ߏػత஫ҙؼ࠶ xt ͷ d ͷ਌͕࣍ xj ͱͳΔ֬཰ αd,t,j

Λɺؼ࠶తʹ Pparent(xi|xt,x)Λ༻͍Δ͜ͱͰ͢ࢉܭΔɻ
αd,t,j ͸ d ͷӅΕঢ়ଶࡍྀͨ͠ߟͷ਌Λ࣍ h ͷॏΈ෇͖
࿨ γd,t Λ͢ࢉܭΔͨΊͷ஫ҙͱͯ͠ѻΘΕΔɻਤ 4 ʹ͓
͍ͯɺ୯ޠ x7 ͷ਌ͱͳΔ֬཰͕΋ͬͱ΋͍ߴ୯ޠΛ ࣍3

·Ͱ୧ͬͨ৔߹ɺ୯ޠ x6ɺx5ɺx2 ͕ͦΕͧΕ ɺ࣍ɺ2࣍1
ޠͷ୯࣍3 x7 ͷ਌ͱͳΔɻ͜ΕΒͷ਌ʹରԠ͢ΔӅΕঢ়
ଶ h6ɺh5ɺh2 ͸ͦΕͧΕ ͷ஫ҙ࣍ɺ3࣍ɺ2࣍1 α1,7,6ɺ
α2,7,5ɺα3,7,2 ʹΑͬͯॏΈ෇͚͞Εͨޙɺ଍͠߹Θ͞Εɺ
બ୒త஫ҙߏػͷೖྗ γd,t ͱͳΔɻ

3. બ୒త஫ҙߏػ͸֤ γd,t ͷ࣍਺ d ∈ d ʹର͢ΔॏΈ βd,t

Λ͢ࢉܭΔɻd͸࣍਺ͷू߹Λද͢ɻβd,t ͸Τϯίʔμͱ
σίʔμͷӅΕঢ়ଶ͔Β͞ࢉܭΕΔɻͦΕͧΕͷ βd,t ·γd,t
ͷ૯࿨ Ωt ͕બ୒త஫ҙߏػͷग़ྗͱͳΔɻ

4. ग़ྗ૚ʹ͓͍ͯ Ωt ͱΤϯίʔμɺσίʔμͷӅΕঢ়ଶ͕
݁߹͞Εɺ֤ϥϕϧͷग़ྗ֬཰͕͞ࢉܭΕΔɻ

֤஫ҙߏػͷৄࡉͱ໨తؔ਺ͷৄࡉʹ͍ͭͯ͸ҎԼͷઅͰ
આ໌͞ΕΔɻ

3.1 ਌΁ͷ஫ҙߏػ

ఏҊख๏͸ɺZhang Β [12] ΍ Hashimoto Β [5] ͱಉ͘͡ɺ
ґଘߏ଄Λ஫ҙ্ߏػͷάϥϑͱͯ͠ද͍ͯ͠ݱΔɻґଘߏ
଄໦Ͱ͸ࢠͱͳΔ୯ޠ͸ 1 ͭͷ਌ͱͳΔ୯ޠΛͭ࣋ɻ͜ͷ
੍໿ͷԼͰɺґଘߏ଄ղੳ͸࣍ͷΑ͏ʹද͞ΕΔɻจ x =

(x0, x1, ..., xn)͕༩͑ΒΕͨ࣌ɺt ̸= 0Λຬͨ͢୯ޠ xt ͷ਌
͸ɺi ̸= tΛຬͨ͢୯ޠ xi ͔Βબ୒͞ΕΔɻͳ͓ x0 ͸ϧʔτ
ϊʔυΛද͢ɻxt ͷ਌͕ xi ͱͳΔ֬཰͸ॏΈྻߦWgɺvaɺ
UaɺWa Λ༻͍ͯ

Pparent(xi|xt,x)=softmax(Wg · g(hj , ht)) · δxj , (3)

g(hj , ht)=vTa · tanh(Ua · hj +Wa · ht), (4)

ͷΑ͏ʹ͞ࢉܭΕΔɻߏจղੳثͱ͸ҟͳΓɺఏҊख๏Ͱ͸
ґଘߏ଄໦Λ֬ఆ͢Δ͜ͱ͸ͤͣɺPparent(xi|xt,x) Λͦͷ
Δɻ͍ͯ͠༺࢖··

3.2 ߏػత஫ҙؼ࠶

͸ɺxtߏػత஫ҙؼ࠶ ͷ d࣍ͷ਌͕ xj ͱͳΔ֬཰Λ

αd,t,j =

⎧
⎪⎨

⎪⎩

n∑

k=1

αd−1,t,k · α1,k,j (d>1)

Pparent(xi|xt,x) (d=1)

(5)

ͷΑ͏ʹؼ࠶తʹ͢ࢉܭΔɻ·ͨɺϧʔτϊʔυ͸਌Λͨ࣋
ͣɺࢠͱ਌͕ಉ͡୯ޠʹͳΔ͜ͱ͸ͳ͍ͱ͍͏ґଘߏ଄໦ͷ
੍໿Λ஫ҙ্ߏػʹऔΓࠐΉͨΊʹɺզʑ͸ α1,t,j ʹର͠ɺ

α1,t,j =

{
1 (t = 0 ∧ j = 0)
0 (t = 0 ∧ j > 0)
0 (t ̸= 0 ∧ t = j)

(6)

ͷΑ͏ͳ੍໿Λ՝ͨ͠ɻࣜ (6) ͷ 1 ໨ͱߦ 2 ໨ΑΓϧʔߦ
τϊʔυͷ਌͸ϧʔτϊʔυͱͳΔɻ͜ΕΒͷ੍໿͸ϧʔτ
ϊʔυ͕਌Λͨ࣋ͳ͍ͱ͍͏͜ͱΛද͍ͯ͠Δɻࣜ (6) ͷ 3
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ALL DEPTH
F1 ROUGE ∆C F1 ROUGE ∆C

1 2 L 1 2 L

Tagger 82.8 81.1 72.4 80.9 -3.0 82.8 80.6 72.2 80.3 -3.2
Tagger+ILP 79.0 76.1 64.6 75.8 -4.1 77.5 74.7 64.1 74.3 -4.6

Bi-LSTM 81.9 81.1 73.7 80.9 -2.2 81.3 80.4 73.3 80.1 -2.2
Bi-LSTM-Dep 82.3 81.5 74.1 81.3 -2.1 81.5 80.7 73.5 80.3 -2.1
Attn 82.4 81.6 74.3 81.4 -2.3 81.9 81.0 73.9 80.6 -2.3
Base 82.7 81.9 74.7 81.7 -2.4 82.1 81.0 73.9 80.7 -2.5

(d = {1}) 83.0 81.7 74.5 81.5 -2.9 82.7 81.4 74.5 81.1 -2.8
Prop (d = {1, 2}) 83.1 82.5 75.2 82.2 -2.1 82.6 81.8 74.9 81.5 -2.1

(d = {1, 2, 4}) 83.2 82.9 75.8 82.7 −1.7 82.8 82.2 75.5 82.0 −2.0

ද 1: ࣗಈධՁͷ݁Ռɻ ALLͱDEPTH͸ɺͦΕͧΕશͯͷจͰͷධՁͱɺਂ͍໦ (ਂ͕͞ςετσʔλશମͰͷฏۉ஋Ͱ
͋Δ 8Ҏ্ͷ໦)Λͭ࣋จͰͷධՁ݁ՌΛද͍ͯ͠Δɻd͸࣍ͨ͠༺࢖਺ͷू߹Λද͍ͯ͠Δɻ

ͳΔ͜ͱΛ๷͍Ͱ͍Δɻࣜʹޠಉ͡୯͕ࢠ໨͸਌ͱߦ (5) ͷ
1 తͳ஫ҙͷؼ࠶ͷఆٛΛຬͨͨ͢Ίʹɺ͜ͷੵྻߦ໨͕ߦ
͸ࢉܭ CPUٴͼ GPU্ʹ͓͍ͯޮ཰తʹ͢ࢉܭΔ͜ͱ͕Մ
ೳͰ͋Δɻ
͜ͷΑ͏ʹؼ࠶తʹ஫ҙΛ༻͍Δ͜ͱʹΑͬͯɺ࣍ߴͷ਌
ͷ֬཰Λ͢ࢉܭΔࡍʹɺͦΕͧΕͷ਌͝ͱʹ஫ҙߏػΛ४උ
͢Δඞཁ͕ͳ͘ͳΔɻ·ͨɺͦΕʹΑΓɺෳ਺ͷ஫ҙΛֶश
͢Δඞཁ͕ͳ͘ͳΔͨΊɺֶश࣌ʹɺ֤஫ҙͷ෼෍ͷॏΈΛ
ௐ੔͢ΔͨΊͷϋΠύʔύϥϝʔλ΋ಉ༷ʹෆཁͱͳΔɻͦ
ͷ্ɺ͜ͷख๏ʹΑΓ࣍ߴͷґଘؔ܎Λ௚઀ྀ͢ߟΔඞཁ͕
ͳ͘ͳΔͨΊɺֶशσʔλ͕εύʔεʹͳΔ͜ͱΛ๷͙͜ͱ
͕Ͱ͖Δɻ
Εͨ͞ࢉܭͰه্ αd,t,j ͸ҎԼͷΑ͏ʹɺ

γd
t =

n∑

k=1

αd,t,k · hk, (7)

Τϯίʔμͷ྆ํ޲ LSTM ͷӅΕঢ়ଶ h ʹର͢ΔॏΈ෇͖
࿨ͷࢉܭʹ༻͍ΒΕΔɻ͞ࢉܭΕͨ γd

t ͸બ୒త஫ҙߏػͷ
ೖྗʹҾ͖͕ܧΕΔɻ

3.3 બ୒త஫ҙߏػ

ೖྗจʹର͠ɺద੾ͳ࣍਺ͷґଘؔ܎Λྀ͢ߟΔͨΊʹɺ
બ୒త஫ҙߏػ͸֤ӅΕঢ়ଶ γd

t ͷॏΈ෇͚࿨ Ωt Λɺ

βd,t=softmax(Wc · ct) · δd, (8)

Ωt=
∑

k∈{0}∪d

βk,t · γk,t, (9)

ͷΑ͏ʹ͢ࢉܭΔɻWc ͸ιϑτϚοΫε૚ͷॏΈྻߦΛɺd

͸࣍਺ͷू߹Λɺct ͸ࡏݱͷจ຺ΛͦΕͧΕද͢ɻͳ͓ɺγ0,t
͸θϩϕΫτϧͰ͋Γɺβ0,t͸ґଘߏ଄໦ͷ৘ใΛ࢖༻͠ͳ͍

͜ͱΛҙຯ͢Δɻ·ͨɺจ຺ϕΫτϧ ct͸ ct = [
←−
h 0,
−→
h n,
−→s t]

ͷΑ͏ʹ͞ࢉܭΕΔɻ
Εͨ͞ࢉܭʹͷΑ͏ه্ Ωt ͸ग़ྗ૚ͷೖྗʹ݁߹͞ΕΔɻ
۩ମతʹ͸ࣜ (1)ͷ dt ͸݁߹ޙͷϕΫτϧ d′t = [ht,Ωt,

−→s t]

ʹஔ͖͑׵ΒΕΔɻ·ͨσίʔμͷ࣍ͷೖྗʹ༩͑ΒΕΔ dt
΋ಉ༷ʹ d′t ʹஔ͖͑׵ΒΕΔɻ

3.4 ໨తؔ਺

ΔͨΊʹɺఏҊख๏͸͢ݮΛ௿ڹΓͷӨޡจղੳߏ 1 ࣍
ͷґଘؔ܎Λද͢஫ҙͷ෼෍ α1,t,k ͱɺϥϕϧͷग़ྗ֬཰

P (y|x)Λಉ࣌ʹֶश͢Δɻα1,t,k ͸طଘͷߏจղੳثͷ݁Ռ
Λ༻ֶ͍ͯश͞ΕΔɻ܇࿅σʔλதͷґଘߏ଄໦ʹ͓͍ͯɺ
୯ޠ wt ͷ਌͕ wj Ͱ͋Δ͜ͱΛ at,j = 1ͱఆٛ͠ɺ୯ޠ wt

ͷ਌͕ wj Ͱ͸ͳ͍͜ͱΛ at,j = 0ͱఆٛͨ࣌͠ɺఏҊख๏
ͷ໨తؔ਺͸ɺ

−logP (y|x)− λ ·
n∑

i=1

m∑

t=1

at,j · logα1,t,j , (10)

ͱఆٛ͞ΕΔɻλ ͸ग़ྗϥϕϧͱґଘߏ଄ղੳͷॏཁ౓Λௐ
੔͢ΔͨΊͷϋΠύʔύϥϝʔλͰ͋Δɻ

4 ݧ࣮

ධՁʹ͸ Google จѹॖσʔληοτΛ࢖༻ͨ͠ɻςετ
σʔλ͸ैདྷڀݚͱಉ༷ʹධՁηοτͷઌ಄ 1000 จΛ༻͍
ͨɻ܇࿅σʔλʹ͸ެ։͞Ε͍ͯΔ 20 ສจͷσʔληοτ
Λ࢖༻ͨ͠ɻ܇࿅σʔλதʹ 10 ճະຬ͔͠ग़͠ݱͳ͍୯ޠ
͸ະ஌ޠͱͯ͠ѻͬͨɻ඼ࢺɺґଘߏ଄ϥϕϧɺґଘߏ଄໦
ղʹ͍ͭͯ͸ɺσʔληοτʹؚ·Ε͍ͯΔґଘߏ଄ղੳث
ʹΑΔग़ྗΛར༻ͨ͠ɻ
ɺఏҊख๏ΛҎԼͷϕʔεϥΠϯͱൺֱͨ͠ɻ͠ࡍʹݧ࣮

ͳ͓ɺެฏͳൺֱΛͨ͏ߦΊʹɺશͯͷϕʔεϥΠϯʹର͠
ͯୈ 2અͰઆ໌ͨ͠ೖྗϕΫτϧΛ࢖༻ͨ͠ɻ

• Tagger: ޲ํ྆ LSTMͱιϑτϚοΫε૚ʹΑΓߏ੒͞
Εɺϥϕϧʹର͢Δ఺ਪఆΛ͏ߦख๏ [8]ɻ

• Tagger+ILP:੔਺ܭը໰୊ʹ੍ͮ͘ج໿্ͰɺTaggerͷ
ग़ྗείΞΛ༻͍ͯ୯ޠͷ࡟আΛܾఆ͢Δख๏ [11]ɻ

• Bi-LSTM: Fillipova Β [2] ͷߏจղੳ݁ՌΛ༻͍ͳ͍ख
๏ͷΤϯίʔμΛɺެฏͳൺֱͷͨΊʹ྆ํ޲ LSTMʹ
ஔ͖ͨ͑׵ख๏ɻยํ޲ͷͦΕͧΕ LSTMͷ࠷ऴঢ়ଶͷ
࿨͕σίʔμͷॳظঢ়ଶ΁ͱҾ͖͕ܧΕΔɻ

• Bi-LSTM-Dep: FillipovaΒ [2]ͷߏจղੳ݁ՌΛ༻͍Δ
ख๏ (LSTM-PAR-PRES)ͷΤϯίʔμΛɺBi-LSTMͱ
ಉ͘͡ɺ྆ํ޲ LSTMʹஔ͖ͨ͑׵ख๏ɻ

• Attn: ஫ҙߏػΛͭ࣋ Seq2Seq [10] (concat attention)ɻ

• Base: ୈ 2અͰઆ໌ͨ͠ɺSeq2Seqʹͮ͘جख๏ɻ

ैདྷڀݚ [11]ʹै͍ɺ୯ޠຒΊࠐΈɺLSTMͷӅΕ૚ɺ஫
ҙϕΫτϧΛ ઃఆͨ͠ɻશͯͷख๏Ͱʹݩ࣍100 LSTMͷӅ
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Input Pakistan signed a resolution on Monday to import 1,300 MW of electricity from Kyrgyz Republic and Tajik-
istan to overcome power shortage in summer season , said an official press release .

Gold Pakistan signed a resolution to import 1,300 MW of electricity from Kyrgyz Republic and Tajikistan .

Tagger Pakistan signed a resolution to import 1,300 MW of electricity Tajikistan to overcome shortage .
Tagger-ILP Pakistan signed resolution to import MW said .
Base Pakistan signed a resolution to import 1,300 MW of electricity .

Prop (d={1, 2, 4}) Pakistan signed a resolution to import 1,300 MW of electricity from Kyrgyz Republic and Tajikistan .

Input US whistleblower Bradley Manning , charged with releasing over 700,000 battlefield reports from Iraq and
Afghanistan to Wikileaks , received a sentence of 35 years in prison from a military court Wednesday .

Gold Bradley Manning received a sentence of 35 years in prison .

Tagger Bradley Manning received a sentence of 35 years .
Tagger-ILP Bradley Manning received a sentence of years .
Base Bradley Manning received a sentence of 35 years .

Prop (d={1, 2, 4}) Bradley Manning received a sentence of 35 years in prison .

ද 2: ςετσʔλதʹଘ͢ࡏΔैདྷख๏ͱఏҊख๏ͷѹॖจͷྫ.

Ε૚ͷαΠζΛಉ͡஋ʹ͢ΔͨΊʹɺTaggerΛ༻͍Δख๏Ͱ
͸ 3૚ΛɺσίʔμΛ༻͍Δख๏Ͱ͸ 2૚Λ༻͍ͨɻ͜ͷઃ
ఆʹΑΓɺશͯͷख๏͕ 6૚ͷ LSTMΛͭ࣋͜ͱʹͳΔɻ඼
Έʹ͸ࠐϥϕϧͷຒΊ܎ͱґଘؔࢺ 40 ɻॏͨ͠༺࢖Λݩ࣍
Έͷॳظ஋ʹ͍ͭͯ͸ɺ-1͔Β 1ͷൣғͰҰ༷෼෍͔Βϥϯ
μϜʹαϯϓϦϯάͨ͠ [4]ɻ·֤ͨ LSTM ૚ͷೖྗͰ͸υ
ϩοϓΞ΢τΛ͍ߦɺͦͷൺ཰͸ 0.3ʹઃఆͨ͠ɻ
ֶशʹ͸ Adam [7] Λ࢖༻͠ɺֶश཰ͷॳظ஋͸ 0.001 ʹ
ઃఆͨ͠ɻֶश͸܇࿅σʔλશମʹର͠ɺ30 ճͨͬߦɻಉ
शͷͨΊͷֶ࣌ λ͸ 1.0ʹઃఆͨ͠ɻϛχόονͷαΠζ͸
16 ʹઃఆ͠ɺϛχόον͝ͱʹࠩޡΛฏͨ͠ۉɻͳ͓ɺϛ
χόονͷॱং͸ֶश࣌ʹϥϯμϜʹೖΕସ͑ͨɻclipping
threshold͸ 5.0ʹઃఆͨ͠ɻ࣮૷ʹ͸ DynetΛ༻͍ͨɻ
ධՁʹ͸τʔΫϯ୯Ґͷ F ஋ͱɺROUGE-1,2,L Λ࢖༻͠
ͨɻ·ͨɺద੾ͳ௕ֶ͕͞श͞Ε͍ͯΔ͜ͱΛ֬ೝ͢ΔͨΊ
ʹɺ∆C = γεςϜͷѹॖ཰−ਖ਼ղͷѹॖ཰ΛτʔΫϯ୯Ґ
Ͱͯ͠ࢉܭධՁͨ͠ɻ͞Βʹɺਂ͍ґଘߏ଄໦Λͭ࣋จʹ͓
͚ΔੑೳΛධՁ͢ΔͨΊʹɺґଘߏ଄໦ͷਂ͕͞ςετσʔ
λશମͰͷฏۉ஋Ͱ͋Δ 8 Ҏ্ͷจ͚ͩͰͷධՁ΋࣮͠ࢪ
ͨɻ·ͨɺॳظ஋ʹΑΔ஋ͷ༳ΕΛྀ͠ߟɺશͯͷείΞΛ
5ճͷߦࢼͷฏۉ஋ͱͨ͠ɻ
ද 1 ՌΛࣔ͢ɻఏҊख๏݁ݧ࣮ʹ Prop (d = {1, 2, 4}) ͸
ϕʔεϥΠϯख๏ʹൺ΂΄΅શͯͷείΞͰվળ͕ݟΒΕΔɻ
ಛʹ F ஋Ͱ͸ैདྷͷ.82 [2] Λ্ճΔɺ͜ͷσʔληοτʹ
͓͚Δߴ࠷ਫ਼౓Λୡ੒͍ͯ͠Δɻ·ͨɺDEPTH Ͱ͸ɺಛʹ
ROUGE είΞʹ͓͍ͯ ALL ΑΓ΋େ͖ͳվળ͕֬ೝ͞Ε
Δ͜ͱ͔ΒɺఏҊख๏͸ਂ͍ґଘߏ଄໦Λͭ࣋จʹରͯ͠༗
ޮͰ͋Δ͜ͱ͕ࣔ͞Εͨɻ
ද 2ʹɺςετσʔλதͷ࣮ࡍͷѹॖจΛࣔ͢ɻग़ྗྫΑ
ΓɺBase ͷग़ྗ͸Մಡੑ͸͕͍ߴɺॏཁՕॴ͕ܽམͯ͠͠
·͍ͬͯΔ͜ͱ͕෼͔Δɻ·ͨɺTaggerͷग़ྗʹ͍ͭͯ͸ɺ
จҙ͕อଘ͞Ε͓ͯΒͣɺ·ͨॏཁՕॴ΋ܽམͯ͠͠·ͬͯ
͍Δɻ͞ΒʹɺTagger-ILPͰ͸ɺ༿ϊʔυͷ৘ใ͕༏ઌతʹ
ͷܽམ͕ੜ͍ͯ͡Δɻࣈআ͞ΕΔͱ͍͏ಛ௃ͷͨΊʹɺ਺࡟
͜ΕΒͷ݁Ռ͔ΒɺఏҊख๏͸ՄಡੑΛอͭͭ࣋͠ɺॏཁՕ
ॴΛѹॖจʹ͜͢࢒ͱ͕ՄೳͰ͋Δ͜ͱ͕෼͔Δɻ

5 ݁࿦

ຊߘͰ͸ɺਂ͍ґଘߏ଄໦Λͭ࣋จΛߴਫ਼౓ʹѹॖ͢Δͨ
Ίʹɺ࣍ߴͷґଘؔ܎ΛྀߟՄೳͳ஫ҙߏػΛ Seq2Seqʹ૊
ΈࠐΉख๏ΛఏҊͨ͠ɻGoogleจѹॖσʔληοτΛ༻͍ͨ
ਫ਼౓ʹจΛѹॖߴͷ݁ՌɺఏҊख๏͸ैདྷख๏ʹൺͯ͠ݧ࣮
ՄೳͰ͋Δ͜ͱ͕ࣔ͞Εͨɻಛʹਂ͍ґଘߏ଄໦Λͭ࣋จʹ
͓͍ͯվળͷ޲܏͸ΑΓݦஶͰ͋ͬͨɻҎ্ΑΓ࣍ߴͷґଘ
Λ༻͍Δ͜ͱʹΑͬͯɺਂ͍ґଘߏػՄೳͳ஫ҙྀߟΛ܎ؔ
Δ͜ͱ্͕ࣔ͢͞޲จʹ͓͍ͯจѹॖͷੑೳ͕ͭ࣋଄໦Λߏ
Εͨɻ
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