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1. ͸͡Ίʹ
Ի੠ೝࣝ͸ैདྷɼԻڹ৴߸͔ΒԻӆ৘ใΛநग़͢ΔԻ
ϞޠݴΔ͢ࢉܭͷ໬౓ΛྻܥޠϞσϧɼൃԻࣙॻɼ୯ڹ
σϧʹ෼͚ɼͦΕͧΕֶशͯ͠౷߹͢Δ DNN-HMMԻ
੠ೝࣝϞσϧͰ࣮͞ݱΕ͖ͯͨɽۙ೥Ͱ͸ͦΕΒΛҰͭ
ͷϞσϧͰ࣮͢ݱΔ End-to-End Ի੠ೝࣝ΋ఏҊ͞Εͯ
͍Δɽ྆ϞσϧͰ͸Ұ౓Ի੠ೝࣝԾઆΛग़ྗͨ͠ޙʹɼ
ςΩετσʔλͷΈͰֶश͞Εͨ֎෦ޠݴϞσϧΛ༻͍
ͯɼԾઆͷείΞΛ͠ࢉܭ௚͢ϦείΞϦϯά͕ޮՌΛ
͍ࣔͯ͠Δ [1]ɽ
ຊڀݚͰ͸ɼޠݴϞσϧͱͯ͠૒ํ޲ Transformer [2]
Λ༻͍Δ͜ͱΛ͑ߟΔɽ૒ํ޲ Transformer͸ɼॱํ޲
ͷਪ࿦ͱ޲ํٯͷਪ࿦ͷग़ྗΛ୯ʹ݁߹ͨ͠૒ํ޲ͷ
RNN ͱ͸ҟͳΓɼࣗݾ஫ҙߏػʹΑΓ૒ํ޲ͷ௕͍จ
຺Λ௚઀ଊ͑Δ͜ͱ͕Ͱ͖Δɽ Ϟσϧߏ଄ͱͯ͠૒ํ
޲ Transformer Λ࠾༻ͨ͠ BERT [3] ͸ϚεΫ͞Εͨ୯
લֶशࣄͷจ຺͔Β༧ଌ͢ΔޙΛલޠ (Masked Language
Model)Λ͜͏ߦͱͰɼࣗવޠݴॲཧͷ༷ʑͳλεΫͰޮ
ՌΛ͖ࣔͯͨ͠ɽ͞ΒʹɼԻ੠ೝࣝԾઆͷϦείΞϦϯ
άʹ͓͍ͯ΋૒ํ޲ TransformerޠݴϞσϧ͕ݕ౼͞Ε
͍ͯΔ [4]ɽ

2. ϦείΞϦϯά
W = w1w2... Λ୯ྻޠɼX ΛԻڹಛ௃ྔͱ͢
ΔɽϦείΞϦϯάͰ͸ɼԻ੠ೝࣝϞσϧͷର਺໬౓
ScoreASR := log p(W |X)/|W | ͱޠݴϞσϧͷείΞ
ScoreLM Λ૊Έ߹Θͤͯ

Score := (1− λ)ScoreASR + λScoreLM (1)

େͱͳΔԾઆΛ࠷͕ N-bestԾઆͷத͔Βબ୒͢Δɽ
ैདྷ༻͍ΒΕΔޠݴϞσϧͱͯ͠ɼNάϥϜɼ୯ํ޲

RNN ʹϞσϧޠݴ޲Ϟσϧ౳͕͋Γɼ͜ΕΒ୯ํޠݴ
ΑΔείΞ͸ಉ֬࣌཰

ScoreLM :=

|W |∑

t=1

log p(wt|W<t) = log p(w1, ..., w|W |)

(2)

ʹΑͬͯ͞ࢉܭΕΔɽ
Ұํɼ૒ํ޲ TransformerޠݴϞσϧͷείΞ͸

ScoreLM :=

|W |∑

t=1

log p(wt|W\t) (3)

ʹΑͬͯ͞ࢉܭΕΔ [4]ɽW\t ͸ W ͷ t ൪໨ͷ୯ޠ
Λ [MASK] τʔΫϯʹஔ͖ͨ͑׵΋ͷͰ͋Δɽ૒ํ޲

Rescoring Hypotheses of Automatic Speech Recognition with Bidirec-
tional Transformer Language Model: Hayato Futami, Sei Ueno, Masato
Mimura, Shinsuke Sakai, and Tatsuya Kawahara (Kyoto Univ.)

⿽倯ぢ5SBOTGPSNFS�Y���㾴

= *+,-./0

ך٦ִֿ˘ ����갈㡮钠陎䪮遭 ˘׷״ח����
	湫⵸ך涪鑧
 	湫䖓ך涪鑧

㼎韋ؚٝٔ،؝أٔ	

갈㡮钠陎ך٦ִֿ˘ ˘׷״ח�<,4".>

log $ “갈㡮” +
log $(“钠陎”) +

log $(“䪮遭”)

ך٦ִֿ˘ <."4,> 钠陎䪮遭׷״ח˘
갈㡮ך٦ִֿ˘ <."4,>䪮遭׷״ח˘

ਤ 1: ૒ํ޲ TransformerޠݴϞσϧʹΑΔείΞࢉܭɽ
ϦείΞϦϯάର৅ʮԻ੠ೝٕࣝज़ʯͷ୯ޠΛ ͭͣޠ1
[MASK]ʹஔ͖ͨ͑׵ೖྗ͔Βݩͷ୯ޠΛ༧ଌ͢Δ͜ͱ
ͰޠݴϞσϧͷείΞΛಘΔɽ

TransformerޠݴϞσϧͷֶश͸ɼ[MASK]τʔΫϯ͔Β
Λ༧ଌͰ͖ΔΑ͏ʹɼ1ൃ࿩ͷޠͷ୯ݩ 15 %ΛϥϯμϜ
ʹબͼ [MASK]τʔΫϯʹஔ͖͑׵ΔMasked Language
ModelʹΑ࣮ͬͯ͞ݱΕΔ [4]ɽ

3. ఏҊख๏
3.1 ෳ਺ൃ࿩ͷ݁߹

Transformer ͸ࣗݾ஫ҙߏػʹΑΓɼ௕͍จ຺Λଊ͑
Δ͜ͱ͕Ͱ͖Δ [2]ɽલޙͷൃ࿩ͷԻ੠ೝࣝԾઆΛ݁߹
͠είΞࢉܭΛ͜͏ߦͱͰɼൃݱ࿩ͷԻ੠ೝࣝԾઆ಺Ͱ
ଊ͑Δ͜ͱ͕Ͱ͖ͳ͍จ຺ΛྀߟͰ͖Δͱ͑ߟΒΕΔɽ
ຊڀݚͰ͸ɼֶशɾϦείΞϦϯά࣌ͱ΋ʹൃ࿩ͷલޙ
1ൃ࿩Λ݁߹͠ɼܭ 3ൃ࿩෼Λೖྗͱ͢ΔɽϦείΞϦ
ϯά࣌ʹ͸ɼ݁߹͢Δલޙͷൃ࿩͸Ի੠ೝࣝͷର਺໬౓
Δɽਤ͢༺࢖େͷ΋ͷΛ࠷͕ 1ʹʮԻ੠ೝٕࣝज़ʯͱ͍
͏ൃ࿩΁ͷείΞࢉܭΛྫࣔ͢Δɽ

3.2 εϜʔδϯά

ϚεΫ͞Εͨ୯ޠΛલޙͷจ຺͔Β༧ଌ͢Δ૒ํ޲Ϟ
σϧͰ͸ɼ୯ํ޲Ϟσϧʹൺ΂ɼΑΓֶशσʔλͷςΩ
ετͷӨڹΛड͚΍͘͢ɼύʔϓϨΩγςΟ͕Լ͕Γ΍
͍͢ͱ͑ߟΒΕΔɽ͔͠͠ɼύʔϓϨΩςΟ͕௿͗͢Δ
ϞσϧͰ͸ɼϑΟϥʔ΍Ի੠ೝࣝޡΓؚ͕·ΕΔϦεί
ΞϦϯά࣌ͱֶश࣌ͷσʔλͷෆҰகʹΑΓɼਖ਼͘͠Ϧ
είΞϦϯά͕Ͱ͖ͳ͍ͱ͑ߟΒΕΔɽͦͷͨΊɼຊݚ
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Ͱ͸ڀ [5]ΛجʹɼҎԼͷࣜ (4)ʹࣔ͢ιϑτϚοΫε
૚ͰͷεϜʔδϯάΛద༻͢Δɽ

p(wt|W\t) =
exp (αywt)∑
j exp (αyj)

(4)

yj ΛιϑτϚοΫε૚΁ͷೖྗɼα(< 1)ΛεϜʔδϯ
άͷύϥϝʔλͱ͢Δ.

4. ධՁ࣮ݧ
ຊڀݚͰ͸σʔληοτͱͯ͠ʰ೔ຊޠ࿩͠ݴ༿ίʔ
ύεʱ(CSJ) Λ༻͍ΔɽCSJ ͸ CSJ-APS ͱ CSJ-SPS ͷ
2ͭͷαϒίʔύεͰߏ੒͞Ε͍ͯΔɽ͜ͷ͏ͪɼCSJ-
APSͷԻ੠ͱςΩετͷϖΞΛԻ੠ೝࣝϞσϧͷֶशɼ
CSJ-APSͱ CSJ-SPSͷςΩετΛޠݴϞσϧͷֶशʹ
༻͍ͨɽఏ͞ڙΕ͍ͯΔ CSJ-APS ༻ͷςετηοτͷ
͏ͪɼςετηοτ 2Λ։ൃσʔλɼςετηοτ 1Λ
ධՁσʔλͱͨ͠ɽ(3)ͷޠݴϞσϧͷείΞͷॏΈ λ

͸ (0.0025, 0.005, ..., 0.05)͔ΒධՁσʔλͷWERΛ࠷
খʹ͢Δ΋ͷΛࣔ͢ɽࣜ (4)ͷεϜʔδϯάͷύϥϝʔ
λ α͸։ൃσʔλʹΑΓ α = 0.5ͱܾఆ͢Δɽޠኮ͸Ի
੠ೝࣝϞσϧɼޠݴϞσϧͱ΋ʹ Byte Pair Encoding [6]
Λ༻͍ͯޠኮαΠζ 12414ͷαϒϫʔυ୯Ґͱ͢Δɽ

Ի੠ೝࣝϞσϧ Իڹಛ௃ྔ͔ΒαϒϫʔυྻܥΛ End-
to-EndͰਪఆ͢ΔϞσϧͱͯ͠ɼ஫ҙߏػϞσϧ [7]Λ
༻͍Δɽ஫ҙߏػϞσϧ͸ 5૚ͷ૒ํ޲ LSTMΤϯίʔ
μͱ 1 ૚ͷ୯ํ޲ LSTM σίʔμͰߏ੒͞ΕΔɽਖ਼ଇ
Խख๏ͱͯ͠ϥϕϧεϜʔδϯάɼσʔλ֦ுख๏ͱ͠
ͯ SpecAugment [8]Λ༻͍Δɽ

૒ํ޲ TransformerޠݴϞσϧ ૒ํ޲ Transformerݴ
Ϟσϧ͸ɼBERTBASEޠ [3] ͱಉ༷ӅΕঢ়ଶ 768 ɼݩ࣍
ͭ࣋ϔουΛߏػͷ஫ҙݸ12 12૚ͷ૒ํ޲ Transformer
ͱ͢Δɽ
ൺֱख๏ͷ NάϥϜ͸ 4άϥϜ (4-gram)ɼRNNޠݴ
Ϟσϧ (RNNLM)͸ɼ512ݩ࣍ͷग़ྗΛͭ࣋ຒΊࠐΈ૚
͓ΑͼӅΕঢ়ଶ ޲୯ํͭ࣋Λݩ࣍512 LSTM 3૚ʹΑΓ
੒͞ΕΔɽධՁσʔλͷԻ੠ೝࣝߏ 50-bestީิʹର͢
ΔϦείΞϦϯάޙͷ୯ޡޠΓ཰ (WER)ʹΑͬͯධՁ
Λͨͬߦɽ
ද 1ʹઌڀݚߦ [4] (biTLM)ͷ૒ํ޲ Transformerޠݴ
ϞσϧͱఏҊͨ͠લޙ 1ൃ࿩Λ௥Ճͨ͠΋ͷ (biTLM(+લ
࿩))ͱ͞ΒʹεϜʔδϯάΛద༻ͨ͠΋ͷൃޙ (biTLM(+
લൃޙ࿩ɺεϜʔδϯά))ͱͷൺֱ݁ՌΛࣔ͢ɽͱ΋ʹ
ޮՌ͕֬ೝͰ͖Δɽ
ද 2ʹఏҊͨ͠૒ํ޲ TransformerޠݴϞσϧͱ Nά
ϥϜɼRNN ࿩ൃޙϞσϧͱͷൺֱ݁ՌΛࣔ͢ɽલޠݴ
Λ௥Ճͨ͠૒ํ޲ TransformerޠݴϞσϧͱͷެਖ਼ͳൺ
ֱͷͨΊɼNάϥϜޠݴϞσϧͱ RNNޠݴϞσϧʹ͓
͍ͯ΋લ 2ൃ࿩Λ௥Ճͯ͠ϦείΞϦϯά݁ՌͷWER
ΛධՁͨ͠ɽ
ද 2Ͱ͸ධՁσʔλ্ͷύʔϓϨΩγςΟ (PPL)ʹͭ
͍ͯ΋ൺֱ͍ͯ͠Δɽ૒ํޠݴ޲ϞσϧͷύʔϓϨΩγ
ςΟʹ͍ͭͯ͸ɼࣜ (5)Ͱఆٛ͞ΕΔٖࣅύʔϓϨΩγ

ද 1: ఏҊख๏ʹΑΔϦείΞϦϯάͷޮՌ

WER(%)
Ի੠ೝࣝͷΈ 10.57

biTLM [4] 9.96
biTLM (+લൃޙ࿩) 9.67

biTLM (+લൃޙ࿩ɼεϜʔδϯά) 9.52

50-best oracle 5.41
oracleͱ͸ԾઆͷதͰશͯWERΛ࠷খʹ͢Δ΋ͷΛબ΂
ͨ৔߹ͷWERͰ͋ΓɼϦείΞϦϯάʹΑΔWERվળ
ͷԼݶͰ͋Δɽ

ද 2: ୯ํޠݴ޲Ϟσϧͱͷൺֱ (3ൃ࿩)

WER(%) PPL
Ի੠ೝࣝͷΈ 10.57 —

4-gram 10.14 83.43
RNNLM 9.92 69.36

biTLM (+લൃޙ࿩) 9.67 9.51
biTLM

(+લൃޙ࿩ɼεϜʔδϯά) 9.52 19.06

ςΟ [5]ͱ͢Δɽ

PPL(W ) :=
1

|W |

|W |∑

t=1

− log p(wt|W\t) (5)

εϜʔδϯάͷࠜڌͱͨ͠૒ํޠݴ޲Ϟσϧͷ༧ଌ୯
ͷεύʔεͳ֬཰෼෍͸௿͍ύʔϓϨΩγςΟͱͯ͠ޠ
Ϟσϧʹରͯ͠΋ಉ༷ͷεޠݴ޲Ε͍ͯΔɽ·ͨ୯ํݱ
ϜʔδϯάΛޮ͕ͨͬߦՌ͸ݟΒΕͳ͔ͬͨɽ

5. ͓ΘΓʹ
ຊߘͰ͸ɼධՁ࣮ݧʹΑͬͯɼ૒ํ޲ Transformerݴ
Ϟσϧ͕Ի੠ೝࣝԾઆͷϦείΞϦϯάʹ༗ޮͰ͋Δޠ
͜ͱΛࣔ͠ɼ͞ΒʹఏҊͨ͠ෳ਺ൃ࿩ͷ݁߹ͱεϜʔδ
ϯάͷ༗ޮੑΛࣔͨ͠ɽޙࠓ͸ɼΑΓେن໛ͳςΩετ
σʔλͰͷֶशɼ͞Βʹ͸ɼσίʔυஈ֊Ͱ૒ํ޲ͷจ
຺ΛྀߟͰ͖ΔΑ͏ʹ͢Δ͜ͱͰ N-best Ծઆͱͯ͠ݱ
Εͳ͍ਖ਼ղΛσίʔυ͢Δ͜ͱΛ໨͢ࢦɽ
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