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= Deep generative models
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m Deep generative models

BB DERE




M

A= | TORAOTHIUINTA UWRBF BRI
LSTM, CNN, Seq2Seq, CTC, GAN, AE, MemoryNet, SuperNN, etc.

[Ge : EEiEEWZC LSBT E, hBEXSHSRAN...

ABEDOHEN :
"GEIFEWEC EHD S "THRAFNE LD EHD" A
EUIE & B8O D DODBMEZIZIT
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Feed-Forward NN (Neural Network)



HRIZZEAR + FERRAZEIE{CREER (C K D IR

y =fWx + b)

1/

Jpseps 175 A IS

LI oz - e

Forward A
X >y

] fO) =
4 ReLU(). l .
i3 : | > _" _
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Feed-Forward NN

BIDNR—DIEIE (single-layer NN) £ EAHENRS !
1BEdDSingle-layer NN W SRk D EEES

7

hl cee hL_l

X y

h,=f{(Wx+ by) y=fL(Wph,_1+b;)

H I I Wl

Forward propagationZXX TE< &...

y=fiW,(fr-1(Wp_1(C..f1r(Wyx+ by)...)) + b,_1) + by)
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HEFEME y CIEME vy DhSHTBEESNDIEXEH L() Z&=/IME
TRERELyY=0-»"0-y)

HERHERIMETBIERSICEFTIVINGA—S W, b ZEF
HESEN U UIXENDND (alFFB%EX [AdaGradid &= {ER])

dL(y,y)
oW,
SEEIRDT, JFEED
MPDDOIEELTIESND

I I

/01
O cee
O cee

x %O hy hH% y —{ L() [— L)
O ces

W,<W,—a«a
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RNN (Recurrent NN):
UL > biEsEZ o NN

NNOHID—EZANICEI NN (LSTMIE, CNDiikE)
BEIBERL E WX ESEORIEE) DIRFIEE LB

Loss;_» Loss;_4 Loss; LosS;1q
1 ) 1 |

Ye—22 L) | Y12 L) Y2 LC)| Yerr > L()
| | | I

Vi-2 Vi1 Yt Ver1




BPTT: Back propagation Through Time

X ZBFR (CH T DbackpropagationZ, BEDEE (C{&IE
—EEFf CTbackwardZz$] 5t 35 7E5Z Truncated BPTTE WD

Loss;_» Loss;_4 Loss; LosS;1q

! ! ! !

Yi-27 L() Ye-12 LC) | e LC)| Yewr™ L() Backward path
| |

/\

}’t 2 Ye-1 }’t+1

%%%%

R

=5 S\ P\ FE

t—1 Xt Xt+1

— .

—

it
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CNN (Convolutional NN):
AAEIEZ D JENN

ESNE(CHITDIEHIAH

() ) Time

/
I I I l

' @ @ 74)|/5’1%5UJ\73\73\5

SAHE : BERN(CEEIEU
FIRI)INSGA=H (L
— filter size: AXIDIKEEED DHZ
— #stride: filterdF&EhiE
— #padding: ImDOIEsHEX
— #channel: filterd%%

« TBIRDTAIIFRE RO

1BE DA literzF) A .
https://github.com/vdumoulin/conv_arithmetic h*5gifZ 5| A /18



https://github.com/vdumoulin/conv_arithmetic
https://github.com/vdumoulin/conv_arithmetic

CNNOEARKEIS

Ja4)L5
(2T
TV IA _p
: f. maps 16@10x10
INPUT C1: feature maps S4: f. maps 16@5x5 [LeCun et al., 1998]
6@28x28
32x32 S2: f. maps

C5: layer " TPUT
120 F864 layer (38 u

6@14x1 r r
=
~ |TT_ r

all

- | ] ‘ Full coanection ’ Gathsian

Convolutions Subsampling Convolutions Subsampling Full connection

Pooling/& %%

f5ll . JRAfEZ & Dmax-pooling

Eo—

o
.

{
1
| "]
5
| ——
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= C[ol)FEICNN

CNNZHC

a)FEFILELTRD

DDIATYVITERLUIEENNS, ROXFTY T =T
- ESIBoEEE)E (T I—/\JU >0 E) R0
FHNZIRSRNNEIEL, RFTw I E(CHiFEL TFEEEI6EE
WaveNet (Pixel C(NN®DiREE) [Oord et al., 2016
CNETICERUITEIENDS, RO ZEDERK

Output

Hidden
Layer

Hidden
Layer

Hidden
Layer

Input

OC00000000000O0O0AC0C

OC0000000000O0D0O0D0O0O0O0

OCO0000000O0CO0O0D00O0O0O0

https://deepmind.com/blog/wavenet-generative-model-raw-audio/ H*5 5|
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Deep Generative Model
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Deep generative model

—
==Fa

(2K

= -

S ET)L)

Deep generative model & (&
DNNZfE> CT—HDERDZRIRT DETIL
RRDOECEFECNNG, INI(CHS

CCTlE, DHEHRICEDLS BEZEN
BN DR D= &7 — 5 DD CER
4 —5 y DM EENT—5 y DDHHMMUBD KD (CDNNZES

L) iy
F_Hp —BE

gaXinl
y = G(x) y
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Generative Adverselrial Network (GAN):
infEiEEEDER/IME

Generative adversarial network [Goodfellow et al,, 2014.]
DD Jensen-Shannon divergence Z&//\ME
G(H) &, BRI/ kT —4 =HRI9 BiEAITESTIL D() =@




Moment Matching Network (MMN):
£— X > MeltEREDER/IME

Moment matching network [Li et al, 2015]
DIDE—A> N (FT, 788, ...) BOZEiERZ &/t
KR L&, ISLT0D/ILLADEZSIME

< data
«  predicted
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CCERCDFERESD

FAEFEZRFEHI DCHDOEEZEMT

BiEmE
Feed-Forward neural networks (FFNN)
Recurrent neural networks (RNN) ... LSTM7R &

Convolutional neural networks (CNN) ... WaveNet/&t &

Deep generative models
Generative adversarial networks (GAN) ... B HYF 2

Moment-matching networks (MMN)
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Auto Encoder (AE)
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Auto-Encoder (AE):
YHEE DR T/
JERRAZDENZE I WNT, FHEHED R HliR
IR

A (CEER

Auto-Encoder: ;TtDFT —AH&ETTIT DL S (CESH
- h = E(x): encoder, x = D(h): decoder
h

Lx,2)=&x—x)"(x —x)
x = D(E(x))
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Denoising AE

& DREERRTTEMZIT SIS, ABRIC) 1A X 25
JAZ—IRAINS, TDFT—HFZETITD
h

Lx,x)=F—2)"(x—x)
x = D(E(X))

&2
&)

EANIR) A XENMAD?
Drop: 5> AIC, AT IRTZRDST
« ¥=1[1,1,0,0,1,0,1] T o x ( o (IEZE)
Gauss: IR A X =d59 3
e ¥X=x+ N(0,AD (A [ET7ER)
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= Deep generative models
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SREak Bz ATR(C/ED B9 i

REDEFS
TF+ X FEFESK (Text-To-Speech: TTS)

[LEDERSH (**-to-speech)
SHFANSEEK
=¥ (Voice Conversion: VQ)
BIS8 AR (Concept-To-Speech: CTS)
- B2 - SEBLEK - BESEK
e - SERNvE>D
- HAEHIBEFE SR
JILFE—HFILBESHK
- HEHREZSOEEEHK
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FFR NEEAH CEEEIR

T+ X MEES (Text-To-Speech: TTS)
THEANRENSEERZEK
NPSYDOE ) DOA=a2 "0 —>3>0Ds

Text —— TTS %W

HREZHa (Voice Conversion: VC)
SEBHRETFRIFULCEFT/INSEE - IFEEBHRZEIR
ANOREHNZBR =1 "5—>3 >0

W ve b e
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= kDOFESE

1939: Voder (/\)LIAFSFR)
ZDHIE (dvocoder (voice + coder)

1961: SEAMIC KD ‘Daisy Bell’ (NJLIAZLFR)

v

~1990: TA I > FPERSH
HK(ICKDERARAIEKE

1990~: B IEGRI SRS
HAIABEREGHK, BEMOEREERE/MK

1995~: #i5tRI\SA MUYV IBTES
HMME7ESH - DNNEE SR

1998~: GMMEEZ 2 - DNNEEZE

Eo I = A &
RAWTCTEKRZITD
11— )\ ZAR—XEK5T,
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=81 ... SERMFORERBEN (HAGERS (ZFOSHTR—DI(CXID)
- FHEH ... BE CTRNDIEHE.. BAED" "Mk a)"TRE,
- BAEED ... FE CRNDEE, Al : |_EBED"it (i 1) 7R&E,
FEEME .. FA—EHHP CER T DIFE
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[ went to the library to study for the exam.
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RIEINSAIHZEND DT ?

[XH 18, 2016.]
"D [ON\Y] e
"OINWNETZ" DT IO NI ?

2 [BE] ONHK Z7F9 H—BEOEE (EH) - S
e g X3 [BE8] ONHK 7FIH—BEDESR

(2009 & &I31)

1962 4 79% n: o %

o A 84% 16
1981 % 91 n

I\ 52 48
1996 = BN —

* 2009 iz, FHLFLOBIIOWTHW:
5’1~5E§£ (FFARAE

EEE (BH+FTFDRE) (FFERM SR
RERE
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5 25 DX ST LT (text-to-speech)

BE, TFAMIHERINEERHHERIIDORS(IERLRD
(BFmea/d E(CKD) PSA A MU TR D

Text & 5 P 5 - - -

Accentphrase [o—°  © —] Egar
YUl

Phoneme

JUHOOnoooooDG

Cepstrum, FO

DD
Speech
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B R H DX T 1T (voice conversion)

BFIRIERRDEEICKD) BFEE, RIIRHERDS
BBV IFEEHE (DTW) IRE(CKDRHIZ D

Speech WM"‘W

Cepstrum, FO

\

Cepstrum, FO Hﬂﬁ

Speech MWMWMWW

10Uunood

JU0OUDOnoad
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Text-to-speech CODFFE
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Voice conversion COF

- SR SR
ARD N (FE) AT N (FE)
O (&= H FO (575
B - 7 ars -

R
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Text-to-speech(CdH T DERTFE

Text @ > D CHM
Accent phrase [O/O—O\o] IEI(i)%Vh
Phoneme H . @

. Du ration model (¥t RET L)%

Predict duration

STRICAELT, MEEETH

+ duration info. H% UUUUHHUHHUUU

Predict speech params. @

Cepstrum, FO EEA JUO0D0nOnnon
Speech MDA AN e

H5D
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Voice conversionlc Pl DERTFIIE

Speech MIHIM-IbMImebe —_—
Cepstrum, FO EEEU JU0DOUDE e

«— ERZHMETILNADSZEEEHD

Cepstrum, FO EEAU J0000Dnod
Speech M M-IHRe oo
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B L IRFE i

aR/I\SA—SDREZE{EZER UL

HRSFEE BB ORNHEED) ... Ay, = %ytﬂ — %yt_l (t( B fE)
AL > NEEDNN (RNN, LSTM)

DNNBISHD 5 iE
HMM BBEN<ILOTEFTIL)
GMM CESIEMDMETIL)
GPR (H D X [E])FEFF)
NMF GEEEITHIEF o)
B2 TIAR-XED)I\ AT Uy R

57/46



58



WaveNet

2016%F, B2 EEREM T D1 —3ILRY bhMREETNIE
BREHEEER, BIZERK, JL—LADHEEDERS,
BTN (TR ZER T DE—D 1 -3y D=2

Conventional WaveNet

----------------------------------------------------------------------------------------

o

DDDDDDDDDDDDD E> ]
DDDDDDDDDDDDD




A

WaveNet&ES

[Oord et al., 2016.]
SKRZDBERE ... floatBY{E 572256 (65536) EXPe (C/EHE L CULIE
- BEEFEFTIL ... —DRIDERNSIREDIERMN D ND, LPCELEM
- Dilated convolution ... 1w bZRIEUCEHAHF TREHFZAE

SR P 4 — A P

Opst @ @ © O © 9 9 00O O0OCOSOOSOO

Hidden
Layer

©O000QCO0OOCO0OO0O0DO0CODO0O0O0

0000000000000 00

e 0000000000000 00

Layer

mt © © 00000000 OCOOGCEOG®
unpooling

s pEwE (] ] ] ]
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Tacotron: Sequence-to-sequenceZ#(C LD

THF A M —EERINEIR

20175F, EEVEELIRGRENRZEZTX D2EDHELS
—&THDFT—(F, HEHEIER CiIEE =N Jcattention modelDFI A
OZEZIRZEIRIT IEST)LDO—D GEHllIEER)

Attention model ...

Conventional Tacotron

5 5 B

% DDDDDDDDDDDDD E>
DDDDDDDDDDDDDD DDDDDDDDDDDDDDD
L




Tacotron

[Wang et al., 2017.]

| Griffin-Lim reconstruction

Linear-scale
spectrogram
| CBHG
- b : Seq2seq target
N \ © with r=3
3 &7 GARRRE A} CLRTETERRETERE N N SR Y 'CCERCTRTEETTRES Y
Decoder |\ [ Decoder |\ Decoder
1 RNN ' RNN v RNN
Attention ~—__  [Afen \ AEELGon \ AErLﬂm
I Attention is applied [ “. 4 “.
Pre-net to all decoder steps \ \
t Pre-net | Pre-net | Pre-net
Character embeddings SO Ao . \
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Anti-spoofing (CE 9 D E = ShK

[Saito et al., 2017]

RoRTER

BARAEREEGRERDEVZ, BERIICE DI TN ?
Anti-spoofing

SEAMRICED TFEDRDITFEL] &
Anti-spoofing [CHIX T 5FH

Anti-spoofingZBR 9 KD ([CERESMKERZ B/

Anti-spoofing & XX B (CE#f

B ODERT Anti-spoofingMEHT 3 .5



DNNEE & D= DT FE

[ICASSP2017 SLP Grant Award]

[Saito et al., 2017]

Text-to-speech Generated Natural

_ — n speech speech p

H H_ Parameter | || Params. Lc(y,y) params.
o generation '
Linguistic : : : 1 i

feats. y J
H%Z:%H Feature LD 1()’)
I function 1: natural

Anti-spoofing

Ly,y) = Lc(»,¥) + wplp,:(¥) Zs/IME

A RERE Anti-spoofingZ B 9 185k
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DNNEE & D= DT FE

[ICASSP2017 SLP Grant Award]

[Saito et al., 2017]

Text-to-speech Generated Natural
ods ol n speech speech
H H_ Parameter | || Pardamo. Lc(y,y) params.
o generation '
Linguistic |. : : I I
feats. y J
H%::%H Feature LD 1()’)
T function 1: natural
Anti-spoofing
ABOECHELSE V(ARSI N
%7 FLEHBA
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Generative Adversirial Network (GAN):
infEiEEEDER/IME

Generative adversarial network
DD Jensen-Shannon divergence Z&//\ME
ahkgss, BAR /S ERZ A 9 Danti-spoofingZe ot

[Goodfellow et al., 2014.]

Text-to-speech

Text

+noise % % \
1 9){ -2 - 0.2
B B -
O EEEE -3_'3 5 3 : T 7 Te 0.0

Anti-spoofing
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— R EEAR

[INTERSPEECH2017 Travel Grant Award]
[Takamichi et al., 2017]

grlE—Hll—|. BUSREICIEZELHEXBL !
tE,J%&@ﬁ? =AW ESIE IV

W bl |
"Hello” W - "Hello” — ; ‘ ’ o
m - =

—f—aEES

BEZEREIRNS, ANEORICBRIEDEZEKT DEEEK
Moment-matching network Z ¥l

"Hello" = &"H —> m i

«-_‘;‘-...1 “-
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Moment-matching network

[Li et al., 2015.]
Moment matching network [Li et al, 2015]
DMOE—A> b (FF, 788, ..) BOZFiEEiz&/IME
« E—AMZEEDOT, BFRDESDEERIA
KR L&, ITLITD/ILLADEZER/IME

< » data
al| © = predicted

Text-to-speech

Text N
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[Fan et al., 2016.]
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