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Text-to-speech synthesis
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Q1: What is the shared latent 
symbol set                     ?

Q2: How to map     to latent 
symbol sequence ?

Q3: How to map        to latent 
symbol sequence ?

Q4: Map        to 
(explicitly/implicitly 
integrates a seq. matching 
process).
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w1,j

wm,j

wM,j

{Sj}Jj=1

{Wj}Jj=1

LHMM (M,N)

y1,j

ym,j

yM,j

z1,j

zn,j

zN,j

l(ym,j , zn,j)

s1,j

sn,j

sN,j

(sn,j ,ym,j)

Wj

Sj

w1,j wm,j wM,j LWj ,Sj
(M,N) {Yj}Jj=1

{Zj}Jj=1
{ym}Iwm=1

W1 Wk Wj Ŵ
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Z = z1 · · · zm · · · zM
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Yk = yk,1 · · ·yk,n · · ·ykN

{ad}Dd=1 = {A, · · · ,Z}
if(KL(yk,n, zm) = 0)

d[m, n] = 0

else

d[m, n] = 1

yk,n = [P (a1|str[n]) · · ·P (ad|str[n]) · · ·P (aD|str[n])]T

zm = [P (a1|str[m]) · · ·P (ad|str[m]) · · ·P (aD|str[m])]
T

yk,1 = /b/,yk,2 = /ae/, · · ·yk,n = /k/, · · ·yk,N = /t/
z1 = /p/, z2 = /ae/, · · · zm = /g/, · · · zM = /t/
Match(Wk, S)

d[m, n] = KL(yk,n, zm)

yk,n = [P (a1|wk,1) · · ·P (ad|wk,n) · · ·P (aD|wk,N )]
T

zm = [P (a1|s1) · · ·P (ad|sm) · · ·P (aD|sM )]
T

d[m, n] = KL(yk,n, zm) = → log(
p(sm|wk,n)
p(sm|¬wk,n)

)

Match(Wk, S) = →D[M,N] ↑ log(
p(S|Wk)
p(S|¬Wk)

) ↓ P (Wk|S)

KL(yk,n, zm) ↔ !, Match(Wk, S) ↗ Edit distance

Yk = yk,1 · · ·yk,n · · ·yk,N based on Wk

If yk,n = ωd (Kronecker delta)

KL(yk,n, zm) = → log(zdm) = Cross entropy

ANNs are not the only probability estimators

Hybrid HMM/ANN and CTC (particular cases)

Update function: Probability combination rule

KL(yk,n, zm): Product rule

RKL(yk,n, zm): Sum rule

SKL(yk,n, zm): Iterate between product rule and sum rule

1
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Comparison between TTS approaches
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Neural TTS: two stage approach  
Tacotron Tacotron 2 

Q1

Q4

Q2

Wang et al. Tacotron: Towards End-to-End Speech Synthesis, Proc. Interspeech, 2017
Shen et al. Natural TTS Synthesis by Conditioning WaveNet on Mel Spectrogram Predictions, 
Proc. ICASSP, 2018
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Text-to-Character embeddings

https://www.isca-archive.org/interspeech_2017/wang17n_interspeech.html
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https://arxiv.org/abs/1712.05884


Neural TTS: end-to-end approach  
• Two-stage 
• Pros: interpretable intermediate

representation, modular way, vocoder can 
be trained on untranscribed speech data

• Cons: suffer from error propagation, 
handcrafted feature limitations

• End-to-end
• Pros: simplified joint training, less error 

propagation, achieve higher naturalness
• Cons: reduced flexibility, less interpretable, 

can suffer from oversmoothing and 
mispronunciation 

Q1
Q4

Q3

Q2

Kim, Kong and Son,”Conditional Variational Autoencoder with Adversarial 
Learning for End-to-End Text-to-Speech”, in Proc. of ICML, 2021

https://proceedings.mlr.press/v139/kim21f/kim21f.pdf
https://proceedings.mlr.press/v139/kim21f/kim21f.pdf
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https://proceedings.mlr.press/v139/kim21f/kim21f.pdf


kNN-based multi-speaker TTS (1)

K. El Hajal, A. Kulkarni, E. Hermann and M. Magimai-Doss, “kNN Retrieval for Simple and Effective Zero-Shot Multi-speaker Text-to-Speech”, in Proc. of NAACL, 2025
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