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3.1 Sequence-based Acoustic Moadel

Conventional Acoustic Model

1. HMM-DNN based Acoustic Model
A. Forward Phase
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3.1 Sequence-based Acoustic Model

Conventional Acoustic Model

1. HMM-DNN based Acoustic Model
A. Forward Phase

1. Spectral analysis
(spectrogram, log mel-filterbank)
Feature 2. Cepstral analysis (MFCC)

Extraction 3. Neural analysis
(CNN, pyramidal LSTM, wav2vec, ...)

Time-frame Segmentation (windowing)

Dahl, G.E., Yu, D., Deng, L. & Acero, A. Context-dependent pre-trained deep neural networks for large vocabulary speech recognition. IEEE Trans. Audio Speech Lang. Process. 20, 3342 (2012).
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Conventional Acoustic Model

1. HMM-DNN based Acoustic Model
A. Forward Phase

Feature
_>
111

HMM Transitions

Softmax
—_—

DNN AM
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. Process. 20, 3342 (2012).



3.1 Sequence-based Acoustic Model

Conventional Acoustic Model

1. HMM-DNN based Acoustic Model
A. Forward Phase

HMM Transitions

Softmax
e

Feature

Extraction

O—=0 O—=C
l

....... lll--|||||||||"lll|||||||||||ll.m"Illil“l"""l“"m'|||Il"ll'°m"'l|| P e d | Ctl on
Result

T T T DNN AM

Dahl, G.E., Yu, D., Deng, L. & Acero, A. Context-dependent pre-trained deep neural networks for large vocabulary speech recognition. IEEE Trans. Audio Speech Lang. Process.
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3.1 Sequence-based Acoustic Model

Conventional Acoustic Model

1. HMM-DNN based Acoustic Model
B. Backward Phase

Feature

Extraction

Cross-Entropy Prediction
4—
I Result

DNN AM

Ground
Truth

Dahl, G.E., Yu, D., Deng, L. & Acero, A. Context-dependent pre-trained deep neural networks for large vocabulary speech recognition. IEEE Trans. Audio Speech Lang. Process. 20, 3342 (2012).
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3.1 Sequence-based Acoustic Model

Conventional Acoustic Model

2. End-to-end Speech Recognition Mode|
A. Forward Phase

Feature
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2. End-to-end Speech Recognition Mode|
A. Forward Phase

Feature
Extraction
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2. End-to-end Speech Recognition Mode|
A. Forward Phase
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Extraction Network
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3.1 Sequence-based Acoustic Model

Conventional Acoustic Model

2. End-to-end Speech Recognition Model
A. Forward Phase

Feature Attention
Extraction ' ' Network -

T T T Encoder Decoder

l Softmax

....... m--lllllllll"lllII||I|||I||Il'll"lll"'lll""""'"""llll'"""'“""ll Prediction
Result

W. Chan, N. Jaitly, Q. V. Le, and O. Vinyals, “Listen, attend and spell,” CoRR, vol. abs/1508.01211, 2015.
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3.1 Sequence-based Acoustic Model

Conventional Acoustic Mode|
2. End-to-end Speech Recognition Model

B. Backward Phase
Attention
' Network D

Encoder Decoder
Ground

Feature

Extraction

—_— T Cross-Entropy

Truth

Prediction
Result

W. Chan, N. Jaitly, Q. V. Le, and O. Vinyals, “Listen, attend and spell,” CoRR, vol. abs/1508.01211, 2015.
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3.1 Sequence-based Acoustic Model

Conventional Acoustic Mode|
2. End-to-end Speech Recognition Model

B. Backward Phase
Attention
' Network D

Encoder Decoder
Ground

Feature

Extraction

—_— T Cross-Entropy

Truth

Prediction
Result

W. Chan, N. Jaitly, Q. V. Le, and O. Vinyals, “Listen, attend and spell,” CoRR, vol. abs/1508.01211, 2015.



DEVIEW

3.1 Sequence-based Acoustic Model

General Maximum Likelihood Objective :

A =argmax F,;
p

Fyp =logp, (X[ W)

X : Input Features
W. : Ground Truth Word Segeunce
A : Model Parameters
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3.1 Sequence-based Acoustic Moadel

Expansion to Maximum Mutual Information :

p,(X|W)

I = ]o
MMI & 2 (X)
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3.1 Sequence-based Acoustic Moadel

Expansion to Maximum Mutual Information :

pﬂ(X| Wr) conditional probability of X given W,

Fymar = 10g | )
p,l(X) marginal probability of X
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3.1 Sequence-based Acoustic Moadel

Expansion to Maximum Mutual Information :

pﬂ(X| W,.) conditional probability of X given W,

Fymar = 10g | )
p,l(X) marginal probability of X

ayes' Rule X, Wr
Bay =R1|0g p(—)/\ _ logp(W,,)

Joint Probability Expansion

W Any Possible Word Segeunces



DEVIEW

3.1 Sequence-based Acoustic Model

Expansion to Maximum Mutual Information :

p/l(Xl WI,) conditional probability of X given W,

Fyny =10
v ° P,l(X) marginal probability of X
X, W,
= log p(—)A — log p(W))

saves e p(X| W,)p(W,)
X lOg S —
ZW P (X | W)p (W) W : Any Possible Word Segeunces
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3.1 Sequence-based Acoustic Moadel

Expansion to Maximum Mutual Information :

pX| W, )p(W,)

ZW p(X| W)p(W)
/ ~

AM Likelihood LM Prior

Fy = log
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3.1 Sequence-based Acoustic Model

Expansion to Maximum Mutual Information :

p(X|W)p(W,)

r — log ——————————
TR S p X Wp(W)
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3.1 Sequence-based Acoustic Model

Expansion to Maximum Mutual Information :

pX| W, )p(W))
> PX| W)p(W)

Fyp = log

Minimize

Maximize
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3.1 Sequence-based Acoustic Model

Expansion to Maximum Mutual Information :

pX| W, )p(W))
> PX| W)p(W)

Fyp = log

Minimize
"Sequence Discriminative Training"”

Maximize
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3.1 Sequence-based Acoustic Model

Expansion to Maximum Mutual Information :

pX|W,)p(W)
25y P WD) ST P

10002171 O]Ak??

Fyp = log

Minimize
"Sequence Discriminative Training"”

Maximize
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3.1 Sequence-based Acoustic Model

Word Sequences to Phone Sequences

p(X|W)p(W,)

r — log —
TS p(X  Wp(W)
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3.1 Sequence-based Acoustic Model

Word Sequences to Phone Sequences

pX|W)p(W,)
ZW p(X| W)p(W)

p(X|P,)p(P,)
Zﬁ p(Xl ﬁ)p(ﬁ) «— :;:Rgcgi;glrlaf?fea—size chunk,

& GPU parallelize

Fy = log

x log

A\

P : Any Possible Phone Segeunces

egah Ghahrmani, Vimal Manohar, Xingyu, Na, Yiming Wang and Sanjeev Khudanpur, “Purely sequence-trained neural networks for ASR based on lattice-free MMI” in Proc. Interspeech, 2016.
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3.1 Sequence-based Acoustic Model

Word Sequences to Phone Sequences & Using Phone FST
pX|W,)p(W))
ZW p(X| W)p(W)

p(X|P)p(P,)
> s (X | P)p(P)

without using word lattices -> lattice-free MMI

Fy = log

Fr gy = 1og



DEVIEW

3.1 Sequence-based Acoustic Moadel

Table 3: Performance of LF-MMI with different models on the
Hub5 ’00 eval set, using SWBD-300 Hr data

WER
Model Total SWBD
TDNN-C + CE 18.2 12.5
TDNN-C + LF-MMI | 15.5 10.2
LSTM + CE 16.5 11.6
LSTM + LF-MMI 15.6 10.3
BLSTM + CE 14.9 10.3
BLSTM + LF-MMI 14.5 9.6

Daniel Povey, Vijayaditya Peddinti, Daniel Galvez, Pegah Ghahrmani, Vimal Manohar, Xingyu, Na, Yiming Wang and Sanjeev Khudanpur, ‘“Purely sequence-trained neural networks for ASR based on lattice-free MMI” in Proc. Interspeech, 2016.
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