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Tacotron Model Architecture

Encoder
Vocoder
N — Postprossing
DDDDDD _ network
B Seq2seq target
CBHG \ e o \V iy
Decoder lili Dam:“r |_'=“___| Decoder I
DDthD (P e i i
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Pre net to all decoder steps | ey | L‘lll| e | -.\:| o | Decoder
i — T
Character embeddings <GO> frame

Figure 1: Model architecture. The model takes characters as input and outputs the corresponding
raw spectrogram, which is then fed to the Griffin-Lim reconstruction algorithm to synthesize speech.

St C} Input: Text
2Hg THAl Outputs: Mels-pectrogram(0{|=) = (linear) Spectrogram(0{| =) > Speech(Audio)

Train CHA| Inputs: Text, Mel-spectrogram, (linear) Spectrogram
= Outputs: Mels-pectrogram(0{|=) > (linear) Spectrogram(0{|Z) > Speech(Audio)



Tacotron —d Code ~ Wavenet(2016592)

- ibab ZE Z7H(2016H9Y)
e keithito(2017473)

- Tacotron =& EH(20173H3E)
> CHE X QI Tacotron 3+
> https://github.com/keithito/tacotron

« carpedm20(2017E=H10&)
> keithito ZEE 7|HIO 2 Tacotron R 22 St=20{ MM
> DeepVoice 20| A H|9tst Multi-Speaker Z &l 2 =%t
> Tensorflow 1.3 = XAl HA | 2=5FX| %2,
> https://github.com/carpedm20/multi-speaker-tacotron-tensorflow

- Tacotron2(20174H12€)
- r9y9 I E (wavenet vocoder) &7l(2018EH1E)

« Rayhane-mamah(2018H4 &)
> keithito, r9y9 ZEE 7|Hto 2 1= CHEZA QI Tacotron 2 4194
> Wavenet £ st
> https://github.com/Rayhane-mamah/Tacotron-2

* hccho2(2018EH12E)
> S0 Tacotron + Wavenet, Tensorflow XAl HM O 2 AlSH
> HiFE(speed up) convergence
> https://github.com/hccho2/Tacotron-Wavenet-Vocoder




: train step: 106000(GTX1080ti-18h)
AUle Samples moon data:p1,125 examples (0.89 hours)

son data: 20,105 examples (19.10 hours)
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Audio Samples(Tacotron2+ Griffin-Lim)

train step: 100,000(27h)
moon data: 1,125 examples (0.89 hours)
son data: 20,105 examples (19.10 hours)

L 0|3 =22 EFBEE =2 o0 ARFEE LT

m # of trainable_variables() |sec/step (GTX1080ti)

Tacotron 1 /M 0.60
Tacotron 2(Griffin-Lim) 29M 0.98
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FCC(Mel-frequency cepstral coefficients)

gjo ojo z

Mol SE= & LIEHE & U= feature. s2 g
2 (phoneme)Z & tC}. o
H -2 (overtone, Bl S+EH 2 2) 1 X E Xt mjoksiCl H = ¢

nje

=32 X0l= FAl > GEE Od|= IE SHE.
oAvlel 22| T+, AR S22 =0 Mt
MFCC values are not very robust in the presence of additive noise, and so it is common to
normalize their values in speech recognition systems to lessen the influence of noise.(wikip
edia)
Tacotron 2 20| A= MFCCELCt= Mel-Spectrogram=2 2ttt

» MFCCe TtE = IHO|A A2|o] B2 HEE U0 H 2Lt 2 2= 12{5j A Mel-Spectrogram

» Linear, Mel-Spectrogram, MFCC 2 & Phase(®| 20| Cigt WEE ZFA| 0 UX| ALt = Griffin-Lim2

-

2 =29
The Overtone Series & Timbre spescn | SB[ e
® 110 Hz waveform spectrogram
< = > 220Hz " Spec';jg'gmm
, Mel Filter Bank /
< T < > 330Hz (el Matr l o
< ><"><_" MO0Hz
(lassification
< < < > BB Hz < Log Mel
660 H Nework L e Inverse DFT or DCT Spectrogram
" 7 L
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Fourier Transform

« AIZHO| T3 B4 (or MB)E FOp4 MR O Hofsts Helolct,
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STFT(Short Time Fourier Transform)

Fourier .
spectral lines
Transform i

Amplitude
Al

—:-Ati-—ll - I‘ i 4_{Afl}_;| S Frequency

i |

Sampling rate (samples/sec)  F, =1/At Bandwidth or Max Freq (Hz) F..=F./2

Frame Size (seconds) T=NAt Frequency Resolution (Hz) Af=F_,,/SL
Block Size (# samples) N Spectral Lines (# samples) SL=N/2
Amplitude Time
e.g.

y = librosa.load(audio_clip, sampling_rate)

STFT(y, window_size, hop_size, fft_size)

sampling_rate = 24000/1sec
window_size = 1200(=0.05sec)
hop_size = 300 =& 40| ZA47H

fft_size = 2048 =» output 37| Z2H

audio_clip(1D data) = 2D data ( T, fft_size/2 +1)
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STFT(Short Time Fourier Transform)

y —

sin(100 x 2mwx) + 0.5sin(160 x 27x)

300 4
250 4
200 1
150

100 4

)

0 200 400

import librosa

import matplotlib.pyplot as
N = 1aa8

T=1.8 /N

¥ = np.linspace(@.8, N*T, N)

¥

plt

yf = librosa.stft(y,n fft=2848)

plt.plot(np.abs(yf))
plt.show()

N

600 800 1000

Ll ) R p— -

np.sin(1@6.8 * 2.6%np.pi*x) + 6. 5*r1p 51”{15'@' e =2 B*np pi*x)

n_fft7f output 37| 274
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sin(100 x 27z) + 0.5 cos(160 x 27z)
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From Audio To Mel-spectrogram

Raw Audio Clip(73512)

> Padded Audio(69900)
\l/ sr = 24000
Silence Trlm(69880) 233 x hOp_SiZG(BOO) = 69900
\l, 69880/300 = 232.93
STFT(233,1025) it size = 2048 = fift size/? i1
Griffin-Lim \l,
ABS(233,1025) num_mels=80 > | Mel_Basis&5}7((233,80)
! (1025,80) |
amp_to_db amp_to_db
l 4 ) !
normalization g Al0j|
ref_level_db Hif 7| w}2} ref level db Hiji 7|
[0,1] == [0,4], [-4.4]
\l, o| 7t 7|.Jc| 2 OIC}, \l,
1\ J

normalize

/ \ normalize
(linear) spectrogram mel-spectrogram
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Mini—-Batch Data A A

* (audio, text, mel-spectrogram, linear-spectrogram, tokens, ...) 50| npz£
0j2| S0 E=Lt

« DataFeeder Class& Bt=0], training & [ datag & & 3tLC}.
» Mini-Batch(N7}. e.q. 32) dataE &t 7H=(M7}. e.g. 32) BtE TH=0

Queuel] &= HAIZS ARE.
» NxM 7ol datag Z0|2 E2 =, NIIY Lt+0 SgTthf
= padding %|A3}
» (input_data, input_length, mel_target, linear_target, speaker_id)
» Speaker# £ feedk|= datal| H|=0| s LSIAH A2
» hyper parameter?} Ht| ™ dataE M Z 2t=0{0f €. (eg. hop_size)



2. RNN, Attention
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Tensorflow BasicRNNCell/dyvnamic_rnn

o O(t-1) O(t) O(t+1)
y N
S Unfold o w S
' wW w w
U { U‘ U U
X X(t-1) X(t) X(t+1)
ht — tanh (CEtU + ht_1W + b)
‘ Initial state ‘ seq_length
— tanh ([xtlht—l]y + b)
cell Input data
Tensorflow L{E 0| M= UWZ} 22t ZH5[X| gE,
FO{A Y StLtEE EroICt.

dynamic_rnn
dynamic_rnn& teacher-forcing@ £ ¢ 7}506tL,
free-running(inference)0| = &3t HO| BfCH
Sample Code(C) &tE g




Tensorflow dyvnamic_decode

Initial state ‘ seq_length
_.¥ | cell Input data
..;-""."
- W
e TrainingHelper or

« Cell2] O == 21 O: BasicRNMCell, GRUCell, BasicLSTMCell
» O] cell2 RNNCell2 A=EH2 classE 0|t

GreedyEmbeddingHelper

» RNNCell 2 2H=2H0F AFE AL H 2| RNN Wrapper classE
TS 0] BasicDecoder2 EAHE == QUCH

out layer(eg. Dence)

‘ BasicDecoder ‘

|

E—F“'

dynamic_decode

f[%—m/\

\ A1 X}&: Customization Tuto

cell, Helper, BasicDecoderZ customizationg =
Sample Code(A) XF=x 01010 Tensorflow0|| M| APIZ} M2 &|X| T2}

T, Eots 25 7Y & UL

\

rial )
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BasicDecoder
« BasicDecoder?Q| step@tsr= cell, Helper& Zg}sI0
(outputs, next_state, next_inputs, finished)Z returnstC}.
« cellO|L} Helper?} customizationk|0{ RICtM, BasicDecoderTt
customizationsl{ Of StLC}.

4 )
BasicDecoder?| stepets== cell.calldt
Helper.next_inputs @ &3},
outputs
Helper return(outputs, next_state, next_inputs, finished)
cell.call >  next_state
\
input next_inuts
A
24



Tensorflow AttentionMechanism

e.g. BahdanauAttention

cell

AttentionMechanism

l

|

‘ AttentionWrapper ‘

Initial state seq_length
Input data l

‘ Train

ingHelper or ‘

GreedyEmbeddingHelper

|

out layer(eg. Dence)

‘.:_.—"'

BasicDecoder

|

dynamic_decode

25



Attention

e scoreE AASH= 1HH 0| encoder hidden
state, decoder hidden sate 2 5% HIHEIC},

« Bahdanau Attentiond} Luong Attention2
score 7| APEEAOf| A{BH XFO| 7} QUL

01

- score

- alignment
- context

- attention

o [/3.hy,---,h. 1 encoder hidden state, #, € 7

e 5, :decoder hidden state, s, e 7¥

— e =le,,6,,--,6;, ]:score
For decoder time

step | — softmax

— alignment(weight), a, € 7

7—6
— ¢; = Y a;h; : context
/=1

— attention vector
T

26




Bahdanau & Luong Attention 2: Luong

3: Bahdanau

h;: encoder hidden state, s;: decoder hidden state

rh-j sy 1. dot product attention
(ija)s'f 2. general dot product attention
vl tanh(Y,[s;|h;]7) 3. concat(Bahdanau), additive attention }
sT
score(s;, hy) = ei; = ¢ = vl tanh ((WT|W7I] ; )

_bahdanau_score

q

= tanh ([s;|h;] )va

e

= tanh (s;Wy + h; W) v,

€ = [eila"'aeiTe]

@, = softmax(e;) =i, - ,a47.] + alignment

alignment = AttentionMechanismof|A| AlAtSta?, 1 A3E WolA AttentionWrapper U ol A
_compute_attentions ©]-&5}9] 2| attention= AAFSHe},

Te
¢ = Z@ijhj < context, N x N,
j=1

27
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e
Tensorflow—-AttentionMechanism

« Bahdanau Attention = tf.contrib.seq2seq.BahdanauAttention
« Luong Attention = tf.contrib.seg2seq.LuongAttention

attention_mechanism
= tf.contrib.seq2seq.BahdanauAttention(num_units=11,
memory=encoder_outputs,
memory_sequence_length=input_lengths)

TIP

memory = encoder hidden state = memory_layer = key
query = decoder hidden state = query_layer =» processed_query

28



AttentionWrapper & AttentionWrapperState

state.attention_state

concat @
N

Output

|

AttentionWrapper ~ AttentionWrapperState
A=

BasicRNNCell ~ hidden_state

27| eF 2Lt

state.cell_state

S |
. H attention
Attention 1 ‘
. _— >
Mechanism : alignment
> next_attention_state

state

S~

[ AttentionWrapperState ]

state.attention

GRUCell

next_state.cell_state

I=Jo: PN
AttentionWrapperStateZ}
=it

9l concat@l7}? ]

29




AttentionWrapper : . . .
attention_mechanism, attention_layer_size=13)

0|™ alignment

tf.contrib.seq2seq.AttentionWrapper(cell,

; =

Ci (if None) or

[si|lci]Wea (if Ny given) where W, : (Ngn + Nen) x N;

il
weighted sum \/

encoder_hidden

AttentionMechanism

1
[
1
1
1
1
1
1
1
1
1
]
1
1
[
1
1
]
1
1
1
1
1
1
]
)
1
[
1
1
]
1
1
]
1
1
1
]
)
1
]
1
1
]
1
1
]
1
1
]
1
1

A\
attention_state =——)

score -

alignment
(H Ol Aol AR B4=Th

alignment A At
next_attention_state

o _compute_attention

Sample Code(B) £tx

AttentionWrapperStateZt
EIC}

cell_output(query) [ R ]

Data S5 &n{&E7|

>

30




AttentionWrapper

AttentionWrapper(cell, attention_mechanism) cell2 BasicRNNCell, BasicLSTMCellZ+2 RNNCellO|mH,
returek|= cell_outputdt next_cell_state= 22 ZLO|LC}.
% self__init__(cell, attention_mechanism)

* self.call( input, state(AttentionWrapperState) )

cell_output, next_cell_state = cell(input,state.cell_state)
~\

cell_state= EE9|

hidden_state

_compute_attention(attention_mechanism, cell_output,state.attention_state)

alignments, next_attention_state = attention_mechanism(cell_output,state.attention_state)

. . . li tQ t_attenti tate= Z+2 Zio|C
return attention, alignments, next_attention_state alignmentf next attention_state IEF

return cell_output, next_state(AttentionWrapperState)

\
next_state = AttentionWrapperState(
cell_state = next_cell_state,
attention = attention,
attention_state = next attention state,
alignments= alignments)
J 31




MonotonicAttention

« tf.contrib.seg2seq. BahdanauMonotonicAttention
 tf.contrib.seg2seq. LuongMonotonicAttention

00000000
elelelelolele
0000
00400000
00JdO0O000

DO0QO0000 QOOOLOOO
0CeO0O0000 OOeOO000O
O OO00 OO 0000
O0000000O0 O0O0OOO0OO
QCO0QO0OQ0 VQOQQO0O

<+—— Memory h —

O|™ alignment

score 04

Monotonic Attention Alignment

QOOOLCLO
O00OO0O0OO0 »
OO0 OOOO:@
0]0]0]0]0]0]0101-
OO0O00O0O00O

\[e]g
Monotonic

OIL2] SEHIS B4e 4= QUELICH

Monotonic

BahdanauMonotonicAttention(hp.attention_size, encoder_outputs,memory_sequence_length = input_lengths, normalize=True) 32
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Encoder

‘= 22 A5

9['_“, |_|_|’ |—||’Iulll|l J_l_

'S’

B = s
]

= [2, 34,42, 8, 41, 45, 2, 30 79 20 21, 57, 3, 26, 20, 21 4 39 45
= Character embedding

..................................................

(N, T,,256)

(V,T,,256)

p——

Haan
1

Pre net

1T 71 0O

(I

Encoder CBHG

(N.T.128)

Encoder pre-net

B =, e

Convl D bank: K=16, conv-i-128-Rel.U
Max pooling: stnde=1, width=2

Convl D projections: conv-3-128-Rel.lU
— conv-3-128-Linear

Highway ner: 4 layers of FC-128-Rel.U
Bidirectional GRU: 128 cells

FC-256-Rel.U! — Dropout(0.5) —
FC-128-Rel.UU — Dropout((.5)

‘ ii i Character embedding | 256-D

Character embeddings
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Bidirectional RNNO|B &2, 128 x 2 = 256

~BHE (N.T..256) —
“UHHH R

* Bidirectional RNN

Highway layers 4 layers

-Batch normalization is used for all
convolutional layers.

- =20 M= CBHGZ} overfittings &
Oo|1, 259 RNNECL}
mispronunciation2 A =0 LHC}
1 st QUCt.

Residual connection Increse local invariances

Conv1D layers 2 layers
* Conv1D projections

~ ~ P ~ ~

ConvlD bank: K=16, conv-k-128-RelLU
Max pooling: stride=1, width=2

ConvliD projections: conv-3-128-ReLLU

— conv-3-128-Linear
Highway net: 4 layers of FC-128-RelLU
(N, 7,,2048)|  Bidirectional GRU: 128 cells

J . 4 .

f Max-pool along time (stride=1)
|

Kernel _size=3, filters=128

I II ICon\MD bank + stacking \
............. RN R PR Sereii _—
J0gag

A H
Convolution Bank Highway GRU = olT)H +(1-alT))X

Highway Net 35



Decoder

ResidualWrapper(GRU(256))

1

ResidualWrapper(GRU(256))

1

GRU(256)
4
AttentionMechanism

AttentionWrapper
PrenetWrapper

_| ConcatOutputAndAttentionWrapper i

4' OutputProjectionWrapper(256) |7

A\

{ MultiRNNCell f

i QutputProjectionWrapper(80x5) i

[ Griffin-Lim reconstruction |

Linear-scale
spectrogram
CBHG
L - 385 G578
: 3 . Seq2seq target
: with r=3
RN l‘ RN K RN

Attention Aftention
RNN v RNN

Aftention

Attention is applied
to all decoder steps

[ Prenet | | Pre-net | | Pre-net |
[j "“
<GO> frame l'l‘ ;

» ConcatOutputAndAttentionWrapper: [attention(256),output(256)] concat

= RNNWrapper Class& Zt= =

10{OF B,
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Tensorflow RNNCell-Wrapper &-&

output

A
|

state. — | =5 next
Cell state
IHHHHHH%II

input

Wrapper

class MyBasicRNNWrapper(RHNCell):

def __init_ (self,cell,name=None):
super(MyBasicRNNWrapper, self). init  (name=name)
self.cell = cell

@oraoperty

def output_size(self):
return self.cell.output_size

@property

def state_size(self):
return self.cell.state size

def eall(self, inputs, state):
cell output, next state = self.cell(inputs,state)
return cell output, next state

37




Tensorflow RNNCell-Wrapper &-&

« Tensorflow0|| +24%|0 /= RNNWrapper class
» OutputProjectionWrapper
> InputProjectionWrapper
» ResidualWrapper

det call(self, inputs, state):
cell output, next state = self.cell(inputs,state)
cell output = inputs + cell output # residual rnn
return cell output, next state

det call(self, inputs, state):
fc_outputs = tf.layers._.dense(inputs,units=5,name="myFC') # FC layer
cell output, next state = self.cell(fc outputs,state)
cell output = inputs + cell output # residual rnn
return cell output, next state
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Post-Processing

audio
[ Griffin-Lim reconstruction J
Linear-scale .
spectrogram Linear-Spectrogram
[ CBHG |

Seq2seq target -
Roeicons Mel-Spectrogram

« Mel-Spectrogram= CBHG layer0| '@, Linear-Spectrogram= BF=LYF.

« 0| CBHG layer= encoder0f = CBHG2} &2 layerX|Bt, hyper parameter/f C}
=l

« CBHGE training® [jf, 0{® Mel-Spectrogram2 QLo Z AIE Z{017}7?

> O|™ THA|O| A 2H=0{tH Mel-Spectrogram vs Ground Truth Mel-Spectrogram

« Tacotron B &0| X|EFX S Z Linear-Spectrogram= Bt=M, Griffin-Lim Algorithm
= 0|83l Al audioE &t}

« Loss = | mel_output — mel_target | + | linear_output — linear_target |
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Multi—-Speaker Model®Z & (DeepVoice 2)

Audio Audio
A A
Griffin-Lim V Vocal
Encoder CBFG +
softsign - Bi-GRU @“ Spectrogram
) 1 Decoder CBEFG
IC Highway Layers
* @-» Mel i+1
Filter-Bank + softsign | Stacked Residual GRU
BN + Rel.u 4 A
A 4 .. |[erUi-1pplGRU - 1] GRU i+1
tile max-pool 7y
A .
1 Filter-Bank + - Attention
softsign BN + ReLu softsign vy
A F F MILP
MLP X A
Tacotron Ch+ ] ? Ch+ Tacotron Mell I vl el Bl Vocal
Speaker ar o arn Speaker Speaker
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e
Speaker Embedding = Speaker® data 273 &

« ZI speaker® = embedding vector(dim 16)= HX| Ot= =, FCE HX|
HA Zest 37|2 BHE CFF, activation function@ £ softsign et+&
Mg it

« softsigngt== tanh CHM AFEE|QICH D HEH =L}

« ==0M= AF K] LRUKX|TE, speaker embedding= BH=X| 4,
initial state X} A& embedding vector Ot= =L QULC}

dense(nl) > speaker
softsign embedding(nl)
d 2) >
speaker egga(sri\qi] speaker
embedding(16) Jonsen3) S embedding(n2)
softsign speaker
dense(n4) > embedding(n3)
softsign
speaker
X embedding(n3)

I- (1+1x|)
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4. Appendix
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Sample Code(A)

def dynamic_decode_test():

vocab_size = 5
S0S token = @
EOS token = 4

¥_data = np.array([[505_token, 3, 1, 2, 3, 2],[S05 token, 3, 1, 2, 3, 1],[S05 token, 1, 2, 2, 2, 1]], dtype=np.int32)
y_data = np.array([[21,2,9,3,2,E05 token],[3,2,3,3,1,E05 token],[3,1,1,2,8,E05 token]],dtype=np.int32)

print({"data shape: ", x_data.shape)

sess = tf.InteractiveSession()

output_dim = vocab_size

batch_size = len(x_data)

hidden dim =&

num_layers = 2

seq_length = % _data.shape[1]

embedding dim = 3

state_tuple mode = True

init_state flag = @

init = np.arange(vocab_size*embedding_dim).reshape(vocab_size,-1)

train_mode = True
with tf.variable scopef'test’,reuse=tf.AUTO_REUSE)} as scope:

cells = []
for _ in range(num_layers):

cell = tf.contrib.rnn.BasiclSTMCell{num units=hidden_dim,state_is tuple=state_tuple mode)

cells.append(cell)
cell = tf.contrib.rnn.MultiRNNCell({cells)

embedding = tf.get wariable("embedding”, initializer=init.astype(np.float32),dtype = tf.float32)
inputs = tf.nn.embedding_lockup(embedding, x_data)

¥ = tf.convert_to_tensor(y_data)



if True:
cell = tf.contrib.rnn.OutputProjectionkirapper(cell,13)
cell = tf.contrib.rnn.OutputProjectionkirapper{cell,19)

if init_state_flag==8:
initial state = cell.zero_state(batch_size, tf.float32)
else:
if state tuple mode:
h@ = tf.random_normal([batch_size,hidden_dim]) foco i :
initial state=(tf.contrib.rnn.LSTMStateTuple(tf.zeros_like(h@), h@},) + (tf.contrib.rnn.L5TMStateTuple(tf.zeros like(h@), tf.zeros like(h®)),)*(num layers-1)

else:
hé = tf.random_normal([batch_size,hidden dim]) # - ; 2 iim), tf 1t
initial state = (tf.concat((tf.zeros_like(h®},h8), axis=1),) + (tf.concat((tf.zeros_like(h®),tf.zeros_like(h®)}, axis=1),) * (num_layers-1)
if train_mode:
helper = tf.contrib.seq2seq.TrainingHelper(inputs, np.array([seq_length]*batch_size))
else:
helper = tf.contrib.seq2seq.GreedyEmbeddingHelper(embedding, start tokens=tf.tile([S0S_token], [batch_size]), end_token=E0S_token)

output_layer = Dense(output dim, name="output projection’)
deceder = tf.contrib.seq2seq.BasicDecoder(cell=cell helper=helper,initial state=initial state,output_layer=output layer)
outputs, last_state, last sequence_lengths = tf.contrib.seq2seq.dynamic_decede(decoder=decoder,output_time major=False,impute_finished=True,maximum_iterations=1@)

weights = tf.ones(shape=[batch_size,seq length])
loss =  tf.contrib.seq2seq.sequence_loss(logits=outputs.rnn_output, targets=Y, weights=weights)
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* input_dim=38
e hidden_dim=6

<tf.Variable

<tf.Variable

multi ron cellfcell O/basic lstm cellfkernel:0' shape=(14, 24) dtype=flo
tf.Variable 'test/decoder/output projection wrapper/output projectiom
multi romn cellfcell O/basic lstm cell/bias:0' shape=({24,) dtype=floa

<«tf.Variable

multi ron cell/cell i1/basic lstm cell/kernel:0' shape={12, 24}

<tf.Variable

(input_dim+hidden_dim) x (hidden_dim x 4): HHK{| LSTM

(hidden_dim+hidden_dim) x (hidden_dim x 4): S=HHE&| LSTM

'test/embedding: 0" shape=(5, 8} dtype=float}l ref>,

'test!decoder!output_projEction_wrapper!outﬁht_projection_wrap

'test/decoder/output projection wrapper/output projg€tion wrapper/
droype=float32 ref>,
'test/decoder/output_projection wrapper/output projection wrapper/

multi ron cellfcell 1/basic 1stm cell/bias:0' shape=(24,) dtype=float32 ref>,

<tf.Variable
<tf.Variable

<tf.Variable
<tf.Variable

<tf.Variable
<tf.Variable

'testfdecaderfuutput_projection_wrapper!Gutput_projection_wrapperfkernel:0' shape=(6, 13) dtype=float32 ref>,
'test!decnderfnutput_projection_wrapperfnutput_prujection_wrapperfhias:0' shape=(13,) dtype=float32 ref>,

'test!decnderfnutput_projection_wrapperfkernel:D' shape=(13, 18) dtype=float32 ref>,
'testfdecnderfnutput_projEction_wrapperfbias:0' shape={1%9, ) dt =float32 ref>,

'test/decoder/output_projection/kernel:0' shape={19, 5) dtype=float32
'test/decoder/output projection/bias:0' shape=(5,) e=float32 ref>]

FC(19)

FC(5)
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Sample Code(B)

def attention_test():

vocab_size = 5
505 _token = @
EOS_token = 4

x_data = np.array([[505 token, 3, 1, 2, 3, 2],[505 token, 3, 1, 2, 3, 1],[505 token, 1, 3, 2, 2, 1]], dtype=np.int32)
y_data = np.array([[1,2,98,3,2,E05_ token],[3,2,3,3,1,E05 token],[3,1,1,2,8,E05 token]],dtype=np.int32)

print("data shape: ", x data.shape)

sess = tf.InteractiveSession()

output dim = wvocab size
batch size = len(x_data)
hidden_dim =&

seq_length = x data.shape[1]
embedding dim = 8

init = np.arange(vocab_size*embedding dim).reshape(vocab_size,-1)

train_mode = True
allgnment history_flag = True atei
with tf. varlable _scope(’ ies:';reuse—tf AUTO REUSE) as scope:

cell = tf.contrlb.rnn.3351CRNNCell(num_un1t5=h1dden_ﬂim)

embedding = tf.get variable("embedding”, initializer=init. astype(np float32) dtype = tf.float32)
inputs = tf.nn.embedding lockup(embedding, x data) t 5 : =mbed

¥ = tf.convert_to_tensor(y_data)

encoder_ﬁutputs = tf.convert_to_ténsor(np,random.narmal(e,l,[hatch_size,29,33]).astype(np.float32))

input_lengths = [2@8]*batch_size

encoder_hidden_state: (N,encoder_length,encoder_hidden_dim)



attention_mechanism = tf.canirib.seq2seq.Bahdanauﬁttention!num units=11, memory=encoder_outputs,memory sequence_length=input lengths,normalize=False)

cell = tf.contrib,seqzseq.ﬁttentionwrapper(cell, attention_mechanism, attention_layer size=13,alignment_history=alignment_history_flag,output_attention=True)

initial state

if train_mode:

= cell.zero state(batch _size, tf.fleoat32) -

helper = tf.contrib.seq2seq.TrainingHelper(inputs, np.array([seq_length]*batch_size))
else:

helper =

output layer
decoder = tf.contrib.seq2seq.BasicDecoder(cell=cell,helper=helper,initial_state=initial state,cutput_layer=ocutput layer)

Dense(output_dim, name='ocutput projection’)

tf.contrib.seq2seq.GreedyEmbeddingHelper(embedding, start_tokens=tf.tile([S05_token], [batch_size]), end_token=E0S_token)

outputs, last state, last sequence_lengths = tf.contrib.seq2seq.dynamic_decode(decoder=decoder,output_time_major=False,impute_finished=True,maximum_iterations=18)

weights = tf.ones(shape=[batch size,seq length])

loss =

<tf
<tf
<tf
<tf
<tf
<tf
<tf
<tf
<tf

(encoder_hidden_dim x num_units) |/

.Variable
.Variable
.Variable
.Variable
.Variable
.Variable
.Variable
.Variable
.Variable

tf.contrib.seq2seq.sequence_loss(logits=outputs.rnn_output, targets=Y, weights=weights)

(input_dim+decoder_hidden_dim+attention_layer_size) x (decoder_hidden_dim)

m

'test/embedding: 0" shape=(5, 8) dtype= oat32 ref>,

'testfmemory_layer!kernel:G' shape=(30, 11) dtype=float32Z ref>,

(decpcer_hidden_dim x num_units)

/4

q

'test/decoder/attention wrapper/basic ron cell/kernel:0' ghape=(27, 6} dtype=float32 ref:,
'test/decoder/attention wrapper/basic rnn cell/bias:0' shape=(6,) dtype=float32 rgf>,
'test/decoder/attention wrapper/bahdanau attention/query laver/kernel:0' shape=(6, 11} dtype=float32 ref>,
'test/decoder/attention wrapper/bahdanau attention/attention v:0' shape=(11,) dtype=float32 ref>,

'test/decoder/attention wrapper/attention laver/kernel:0' gha
'test/decoder/output projection/kernel:0' shape=(13, 5) dtype

'test/decoder/output projection/bias:0' shape=(5,)

type=float32 ref>,
loat32 refl,
doype=floaf32 ref>]

a

W v | (num_units)

(encoder_hidden_dim+decoder_hidden_dim) x attention_layer_size
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g El for decoder time step i (/\/,27) (27,6)
(M6)| s; = tanh ([:E@-Iai_l lsi—l]W —+ b) ( 1’1)
(V,20) tanh ([hl, oo hp \Won + _s_%-% Va
W20) a; = softmax(e;) T I T \

T, (V,20,30)( |(30,11)] | |(NV,B)] |(6,11)
(W80 c; = E Q; j hj
: EOo| &7 fIsHM= FIZ2

J=1 (N,11)2 expand_dims& Edf
Ao N,1,11)2 Bzl 0f St}
55| c; | W \( ) 5} OF Bt}
T T Tensorflow tensor@Ato 2

(V.36)| |(36,13) HHOIH {EA E|Lf?

o
=~
|

attention
(N13)

<
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Sample Code(C)

batch size= 5
hidden_dim= 8

input = tf.placeholder(tf.float32,shape=[None,None,2])

cell = tf.contrib.rnn.BasicRNNCell{num units=hidden_dim)

initial state = cell.zero state({batch size, tf.float32)

outputs, states = tf.nn.dynamic_rnn{cell,input,initial state=initial state,dtype=tf.float32)

[<tf.Variable 'rnn/basic_rnn_cell/kernel:0' shape=(10, 8) dtype=float32_ref>,
<tf.Variable 'rnn/basic_rnn_cell/bias:0' shape=(8,) dtype=float32_ref>]
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Bahdanau Attention

(N,20,30)——> (N,20,11) —l’

sum, tanh

Vv

score

|
I
[
I
I
—>(N,20,11) —» (N,20) —> | softmax |—>(N,20) |
|
|
I
I
|

alignment

> | weighted sum

context

\ 4
(N,30)

\4

 encoder_length=20
» encoder_hidden_dim=30
» decoder_hidden_dim=6

concat

attention W

l

(N,36)

(N,13) <
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Luong Attention

W, ()

m?>" a

(N,20,30)——> (N, 20,6) _l

score

|
|
|
|
|
(N,20) =—>| softmax |=—>(N,20) !
|
|
|
|
|

alignment

inner product >
(N,6) T
I e —_—
 Z
> | weighted sum
A 4
context (N,30)
v
> concat
 encoder_length=20 attention 4 l
« encoder_hidden_dim=30 (N,13) < (N,36)
» decoder_hidden_dim=6
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Tensorflow—-Dropout

tf.layers.dropout tf.nn.dropout
tf.layers.dropout( tf.nn.dropout(

inputs, ¥
ra?e=ﬁ.b. keep_prob,
noise_shape=None, noise_shape=None,
seed=None, seed:ﬁcne
training=False. name:Ncner
name=None )

* keithito A EQ A= 2018H8E 31¢ bug =7
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# Attention
attention_cell = ﬂttentlunwrapper{ GRUCell{hp.attention_depth), BahdanauAttention(hp.attention depth, encoder_outputs),
: : : : : : : : alignment history=True,output_attention=False) # [M, T_in, attention_depth=258]

# Apply prenet before concatenation in AttentionWrapper.
attention_cell = DecoderPrenetWrapper(attention_cell, is training, hp.prenet_depths)

AttentionWrapper

Keith Ito

Prenet

dec_prenet_outputs = DecoderPrenetiWrapper( GRUCell({hp.attention state size), speaker embed, is training, hp.dec_prenet sizes, hp.dropout_praob)

# single: attention size = 128

if hp.attention_type == ‘bah_mon'
: attention_mechanism = BahdanauMonotonicAttention(hp.attention_size, encoder_outputs,normalize=False)
elif hp.attention_ type == ‘boh mon norm':
attention_mechanism = BahdanauMonotonicAttention(hp.attention_size, encoder_outputs,normalize=True)
elif hp.attention_type == ‘bah norm':
: attention_mechanism = BahdanauAttention(hp.attention size, encoder outputs, normalize=True)
elif hp.attention_type == 'luong scaled':
: attention_mechanism = LugngAttention( hp.attention_size, encoder_outputs, scale=True)
elif hp.attention type == 'lLuong': Prenet
attention_mechanism = LugngAttention(hp.attention_size, encoder_outputs)
elif hp.attention_ type == ‘bah’':
attention_mechanism = Bahdanauﬂttention(hp.attention_;ize, encoder_outputs)

elif hp.attention_type.startswith{ 'ntm2’):

shift width = int(hp.attention type.split({'-"')[-1])

attention_mechanism = NIMAttentign2( hp.attention_size, encoder_outputs, shift_width=shift_width)
else:

raise Exception{” [!] Unkown ottention type: {}".format(hp.attention_ type})

S L il L

AttentionWrapper

# DecoderPrenetWrapper, attention mechanisms =%z AttentionWrapper® BEL.
attention_cell = Attentionwraﬁﬁer(dec_prenet_outputs,attention_mechanism, self.is_manual_attention,self.manual_alignments,
: ; : i : : : initial_cell state=attention_rnn_init state,alignment_history=True,output_attention=False) # cutput_attention=
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Tacotron Training %A

- Single speaker 22 A| . Qff FE|X]|?

- Attention ModelZ MonotonicAttention™&. alignmentgtO| @ff 10| Of 'l 7}?
- librosa version 0.5.1 vs 0.6.1

- tensorflow 1.82 H4

- dropout bug274 = keith ito A EQ} H|

- AttentionWrapper®} PrenetWrapper ==A| HIZ &S

- PaddingOf Attention 7}X| A Z
B batch size = 12 HZA?
B Attention classZ customizationA|= =>» TensorflowL}0f| O|O| F+&d x| 0]
ACHs 2 27
- YO Z script = = Data FAO|
- Tacotron2 2 & 9| stop token ™M &, location sensitive attention, GMM
attention A| =

- Mel Spectrogram ‘4 d&tAl =7
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