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1. ͡Ίʹ
ԻೝࣝैདྷɼԻڹ৴߸͔ΒԻӆใΛநग़͢ΔԻ
ϞޠݴΔ͢ࢉܭͷΛྻܥޠϞσϧɼൃԻࣙॻɼ୯ڹ
σϧʹ͚ɼͦΕͧΕֶशͯ͠౷߹͢Δ DNN-HMMԻ
ೝࣝϞσϧͰ࣮͞ݱΕ͖ͯͨɽۙͰͦΕΒΛҰͭ
ͷϞσϧͰ࣮͢ݱΔ End-to-End ԻೝࣝఏҊ͞Εͯ
͍Δɽ྆ϞσϧͰҰԻೝࣝԾઆΛग़ྗͨ͠ޙʹɼ
ςΩετσʔλͷΈͰֶश͞Εͨ֎෦ޠݴϞσϧΛ༻͍
ͯɼԾઆͷείΞΛ͠ࢉܭ͢ϦείΞϦϯά͕ޮՌΛ
͍ࣔͯ͠Δ [1]ɽ
ຊڀݚͰɼޠݴϞσϧͱͯ͠ํ Transformer [2]
Λ༻͍Δ͜ͱΛ͑ߟΔɽํ Transformerɼॱํ
ͷਪͱํٯͷਪͷग़ྗΛ୯ʹ݁߹ͨ͠ํͷ
RNN ͱҟͳΓɼࣗݾҙߏػʹΑΓํͷ͍จ
຺Λଊ͑Δ͜ͱ͕Ͱ͖Δɽ Ϟσϧߏͱͯ͠ํ
 Transformer Λ࠾༻ͨ͠ BERT [3] ϚεΫ͞Εͨ୯
લֶशࣄͷจ຺͔Β༧ଌ͢ΔޙΛલޠ (Masked Language
Model)Λ͜͏ߦͱͰɼࣗવޠݴॲཧͷ༷ʑͳλεΫͰޮ
ՌΛ͖ࣔͯͨ͠ɽ͞ΒʹɼԻೝࣝԾઆͷϦείΞϦϯ
άʹ͓͍ͯํ TransformerޠݴϞσϧ͕ݕ౼͞Ε
͍ͯΔ [4]ɽ

2. ϦείΞϦϯά
W = w1w2... Λ୯ྻޠɼX ΛԻڹಛྔͱ͢
ΔɽϦείΞϦϯάͰɼԻೝࣝϞσϧͷର
ScoreASR := log p(W |X)/|W | ͱޠݴϞσϧͷείΞ
ScoreLM ΛΈ߹Θͤͯ

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

େͱͳΔԾઆΛ࠷͕ N-bestԾઆͷத͔Βબ͢Δɽ
ैདྷ༻͍ΒΕΔޠݴϞσϧͱͯ͠ɼNάϥϜɼ୯ํ

RNN ʹϞσϧޠݴϞσϧ͕͋Γɼ͜ΕΒ୯ํޠݴ
ΑΔείΞಉ֬࣌

ScoreLM :=

|W |∑

t=1

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

(2)

ʹΑͬͯ͞ࢉܭΕΔɽ
Ұํɼํ TransformerޠݴϞσϧͷείΞ

ScoreLM :=

|W |∑

t=1

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

ʹΑͬͯ͞ࢉܭΕΔ [4]ɽW\t  W ͷ t ൪ͷ୯ޠ
Λ [MASK] τʔΫϯʹஔ͖ͨ͑ͷͰ͋Δɽํ

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.)
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ਤ 1: ํ TransformerޠݴϞσϧʹΑΔείΞࢉܭɽ
ϦείΞϦϯάରʮԻೝٕࣝज़ʯͷ୯ޠΛ ͭͣޠ1
[MASK]ʹஔ͖ͨ͑ೖྗ͔Βݩͷ୯ޠΛ༧ଌ͢Δ͜ͱ
ͰޠݴϞσϧͷείΞΛಘΔɽ

TransformerޠݴϞσϧͷֶशɼ[MASK]τʔΫϯ͔Β
Λ༧ଌͰ͖ΔΑ͏ʹɼ1ൃͷޠͷ୯ݩ 15 %ΛϥϯμϜ
ʹબͼ [MASK]τʔΫϯʹஔ͖͑ΔMasked Language
ModelʹΑ࣮ͬͯ͞ݱΕΔ [4]ɽ

3. ఏҊख๏
3.1 ෳൃͷ݁߹

Transformer ࣗݾҙߏػʹΑΓɼ͍จ຺Λଊ͑
Δ͜ͱ͕Ͱ͖Δ [2]ɽલޙͷൃͷԻೝࣝԾઆΛ݁߹
͠είΞࢉܭΛ͜͏ߦͱͰɼൃݱͷԻೝࣝԾઆͰ
ଊ͑Δ͜ͱ͕Ͱ͖ͳ͍จ຺ΛྀߟͰ͖Δͱ͑ߟΒΕΔɽ
ຊڀݚͰɼֶशɾϦείΞϦϯά࣌ͱʹൃͷલޙ
1ൃΛ݁߹͠ɼܭ 3ൃΛೖྗͱ͢ΔɽϦείΞϦ
ϯά࣌ʹɼ݁߹͢ΔલޙͷൃԻೝࣝͷର
Δɽਤ͢༺େͷͷΛ࠷͕ 1ʹʮԻೝٕࣝज़ʯͱ͍
͏ൃͷείΞࢉܭΛྫࣔ͢Δɽ

3.2 εϜʔδϯά

ϚεΫ͞Εͨ୯ޠΛલޙͷจ຺͔Β༧ଌ͢ΔํϞ
σϧͰɼ୯ํϞσϧʹൺɼΑΓֶशσʔλͷςΩ
ετͷӨڹΛड͚͘͢ɼύʔϓϨΩγςΟ͕Լ͕Γ
͍͢ͱ͑ߟΒΕΔɽ͔͠͠ɼύʔϓϨΩςΟ͕͗͢Δ
ϞσϧͰɼϑΟϥʔԻೝࣝޡΓؚ͕·ΕΔϦεί
ΞϦϯά࣌ͱֶश࣌ͷσʔλͷෆҰகʹΑΓɼਖ਼͘͠Ϧ
είΞϦϯά͕Ͱ͖ͳ͍ͱ͑ߟΒΕΔɽͦͷͨΊɼຊݚ
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Ͱڀ [5]ΛجʹɼҎԼͷࣜ (4)ʹࣔ͢ιϑτϚοΫε
ͰͷεϜʔδϯάΛద༻͢Δɽ

p(wt|W\t) =
exp (αywt)∑
j exp (αyj)

(4)

yj ΛιϑτϚοΫεͷೖྗɼα(< 1)ΛεϜʔδϯ
άͷύϥϝʔλͱ͢Δ.

4. ධՁ࣮ݧ
ຊڀݚͰσʔληοτͱͯ͠ʰຊޠ͠ݴ༿ίʔ
ύεʱ(CSJ) Λ༻͍ΔɽCSJ  CSJ-APS ͱ CSJ-SPS ͷ
2ͭͷαϒίʔύεͰߏ͞Ε͍ͯΔɽ͜ͷ͏ͪɼCSJ-
APSͷԻͱςΩετͷϖΞΛԻೝࣝϞσϧͷֶशɼ
CSJ-APSͱ CSJ-SPSͷςΩετΛޠݴϞσϧͷֶशʹ
༻͍ͨɽఏ͞ڙΕ͍ͯΔ CSJ-APS ༻ͷςετηοτͷ
͏ͪɼςετηοτ 2Λ։ൃσʔλɼςετηοτ 1Λ
ධՁσʔλͱͨ͠ɽ(3)ͷޠݴϞσϧͷείΞͷॏΈ λ

 (0.0025, 0.005, ..., 0.05)͔ΒධՁσʔλͷWERΛ࠷
খʹ͢ΔͷΛࣔ͢ɽࣜ (4)ͷεϜʔδϯάͷύϥϝʔ
λ α։ൃσʔλʹΑΓ α = 0.5ͱܾఆ͢ΔɽޠኮԻ
ೝࣝϞσϧɼޠݴϞσϧͱʹ Byte Pair Encoding [6]
Λ༻͍ͯޠኮαΠζ 12414ͷαϒϫʔυ୯Ґͱ͢Δɽ

ԻೝࣝϞσϧ Իڹಛྔ͔ΒαϒϫʔυྻܥΛ End-
to-EndͰਪఆ͢ΔϞσϧͱͯ͠ɼҙߏػϞσϧ [7]Λ
༻͍ΔɽҙߏػϞσϧ 5ͷํ LSTMΤϯίʔ
μͱ 1 ͷ୯ํ LSTM σίʔμͰߏ͞ΕΔɽਖ਼ଇ
Խख๏ͱͯ͠ϥϕϧεϜʔδϯάɼσʔλ֦ுख๏ͱ͠
ͯ SpecAugment [8]Λ༻͍Δɽ

ํ TransformerޠݴϞσϧ ํ Transformerݴ
ϞσϧɼBERTBASEޠ [3] ͱಉ༷ӅΕঢ়ଶ 768 ɼݩ࣍
ͭ࣋ϔουΛߏػͷҙݸ12 12ͷํ Transformer
ͱ͢Δɽ
ൺֱख๏ͷ NάϥϜ 4άϥϜ (4-gram)ɼRNNޠݴ
Ϟσϧ (RNNLM)ɼ512ݩ࣍ͷग़ྗΛͭ࣋ຒΊࠐΈ
͓ΑͼӅΕঢ়ଶ ୯ํͭ࣋Λݩ࣍512 LSTM 3ʹΑΓ
͞ΕΔɽධՁσʔλͷԻೝࣝߏ 50-bestީิʹର͢
ΔϦείΞϦϯάޙͷ୯ޡޠΓ (WER)ʹΑͬͯධՁ
Λͨͬߦɽ
ද 1ʹઌڀݚߦ [4] (biTLM)ͷํ Transformerޠݴ
ϞσϧͱఏҊͨ͠લޙ 1ൃΛՃͨ͠ͷ (biTLM(+લ
))ͱ͞ΒʹεϜʔδϯάΛద༻ͨ͠ͷൃޙ (biTLM(+
લൃޙɺεϜʔδϯά))ͱͷൺֱ݁ՌΛࣔ͢ɽͱʹ
ޮՌ͕֬ೝͰ͖Δɽ
ද 2ʹఏҊͨ͠ํ TransformerޠݴϞσϧͱ Nά
ϥϜɼRNN ൃޙϞσϧͱͷൺֱ݁ՌΛࣔ͢ɽલޠݴ
ΛՃͨ͠ํ TransformerޠݴϞσϧͱͷެਖ਼ͳൺ
ֱͷͨΊɼNάϥϜޠݴϞσϧͱ RNNޠݴϞσϧʹ͓
͍ͯલ 2ൃΛՃͯ͠ϦείΞϦϯά݁ՌͷWER
ΛධՁͨ͠ɽ
ද 2ͰධՁσʔλ্ͷύʔϓϨΩγςΟ (PPL)ʹͭ
͍ͯൺֱ͍ͯ͠ΔɽํޠݴϞσϧͷύʔϓϨΩγ
ςΟʹ͍ͭͯɼࣜ (5)Ͱఆٛ͞ΕΔٖࣅύʔϓϨΩγ

ද 1: ఏҊख๏ʹΑΔϦείΞϦϯάͷޮՌ

WER(%)
ԻೝࣝͷΈ 10.57

biTLM [4] 9.96
biTLM (+લൃޙ) 9.67

biTLM (+લൃޙɼεϜʔδϯά) 9.52

50-best oracle 5.41
oracleͱԾઆͷதͰશͯWERΛ࠷খʹ͢ΔͷΛબ
ͨ߹ͷWERͰ͋ΓɼϦείΞϦϯάʹΑΔWERվળ
ͷԼݶͰ͋Δɽ

ද 2: ୯ํޠݴϞσϧͱͷൺֱ (3ൃ)

WER(%) PPL
ԻೝࣝͷΈ 10.57 —

4-gram 10.14 83.43
RNNLM 9.92 69.36

biTLM (+લൃޙ) 9.67 9.51
biTLM

(+લൃޙɼεϜʔδϯά) 9.52 19.06

ςΟ [5]ͱ͢Δɽ

PPL(W ) :=
1

|W |

|W |∑

t=1

− log p(wt|W\t) (5)

εϜʔδϯάͷࠜڌͱͨ͠ํޠݴϞσϧͷ༧ଌ୯
ͷεύʔεͳ͍֬ύʔϓϨΩγςΟͱͯ͠ޠ
Ϟσϧʹରͯ͠ಉ༷ͷεޠݴΕ͍ͯΔɽ·ͨ୯ํݱ
ϜʔδϯάΛޮ͕ͨͬߦՌݟΒΕͳ͔ͬͨɽ

5. ͓ΘΓʹ
ຊߘͰɼධՁ࣮ݧʹΑͬͯɼํ Transformerݴ
Ϟσϧ͕ԻೝࣝԾઆͷϦείΞϦϯάʹ༗ޮͰ͋Δޠ
͜ͱΛࣔ͠ɼ͞ΒʹఏҊͨ͠ෳൃͷ݁߹ͱεϜʔδ
ϯάͷ༗ޮੑΛࣔͨ͠ɽޙࠓɼΑΓେنͳςΩετ
σʔλͰͷֶशɼ͞Βʹɼσίʔυஈ֊Ͱํͷจ
຺ΛྀߟͰ͖ΔΑ͏ʹ͢Δ͜ͱͰ N-best Ծઆͱͯ͠ݱ
Εͳ͍ਖ਼ղΛσίʔυ͢Δ͜ͱΛ͢ࢦɽ
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