Textless NLP

towards language processing from
raw audio

Emmanuel Dupoux

EHESS, META A
https://cognitive-ml.fr

LREC 2022, Marseille


https://cognitive-ml.fr/

TTTTTTTTTTT




TEXTLESS NLP | Our research

Textless NLP

Spoken language generation

Training Al models directly from raw audio
recordings - no text or labels

1. Fisher dataset
2. Nguyen et al. (2022)

Spoken language is the primary
means of human communication’

Yet, internet services are text based and struggle
to capture nuances and richness of the oral
modality.

Generating spoken dialogues with
Al using our latest model?

Our agents reproduce naturalistic turn taking
behavior including laughter and backchanneling,
which is important for smooth human/agents
interactions.
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TEXTLESS NLP | How

Language Model
spoken

language
modeling

Self-supervised learning!

m



TEXTLESS NLP | How

Generative
spoken
language
modeling

Evaluation

Zero Resource Speech Challenge (ZRC) series

Language Model

m

https://www.zerospeech.com
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TEXTLESS NLP | How Zero Resource Speech Challenge (ZRC) series

Language Model
spoken

Task 5: generative

Task 4: spoken
Ia ngu age language modeling spoker) language
modeling
modeling

Task 3: discrete

Evaluation Task 2: spoken resynthesis

term discovery

: Decoder
Task 1: audio
representation

learning

https://www.zerospeech.com
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Generative
spoken
language
modeling

Evaluation

Chall. Tasks Train Data

2015 T1, T2  English (Buckeye 5h),
Xitsonga (2h30)

2017 T1, T2 English (45h), French (24h),
Mandarin (2h30), German
(25h), Wolof (10h)

2019 T3. English (15h+4h40), Indone-
sian (15h+1h30)

2020 T1,T2,T3 reboot of ZR17, ZR19

2021a T1,T4  English (Librispeech 960 or
100)

2021b T1,T4  idem plus speech coco

Zero Resource Speech Challenge (ZRC) series

Language Model

Task 5: generative
spoken language
modeling

Task 4: spoken
language modeling

Task 3: discrete

Task 2: spoken resynthesis
term discovery

Decoder

Task 1: audio

representation
learning

https://www.zerospeech.com
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TEXTLESS NLP | How

The encoder e

Audio Representation Learning




ZRC TASK 1:
TEXTLESSNLP | How Learning representations that encode
linguistic information, and disregard
non linguistic ones

The encoder e

tt+1t+2 t+T

Audio Representation Learning




TEXTLESS NLP | How

The encoder

Audio Representation Learning

ZRC TASK 1:
Learning representations that encode
linguistic information, and disregard
non linguistic ones

Evaluation: ABX discrimination

a b X
bit;, bet;, bit,




ZRC TASK 1:

TEXTLESSNLP | How Learning representations that encode
linguistic information, and disregard

non linguistic ones

Evaluation: ABX discrimination

a b X
bit;, bet;, bit,

The encoder e . e

Audio Representation Learning
Main idea: /information compression

» Spectral information (MFCC):

20kbit/sec
» Telephone, speech codec:

'||III"||I““I'|I‘|“||‘“|Il'-|I“|IIII-I|I|I"------ 8kbit/sec (2.5x reduction)
* Text (phonemes):
S0bits/sec (400x reduction !)
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The encoder

Audio Representation Learning

1. Heck et al, 2015, 2017

2. Chorowski et al. 2019

3.Van den Oord, 2018; Kharitonov et al. 2020;
4.Hsuetal, 2021

5. Baevsky et al, 2020

Encoder

Compressive

Predictive

N
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The encoder

Audio Representation Learning

Encoder

ABX-across error

20

Leaderboard

— ABX-15
,~ DPGMM m ABX-17
Hec15c
N \v Auioencoder

Hec17b Cho19 /CPC
Kha20 l

I Ngu21

|

MFCC 2015 2017 2019 2020 2021

Dunbar, Hamilakis, Dupoux (submitted)

ABX=20% ABX=5%
(20) (2.40)

Dunba, Hamilakis, Dupoux (2022)
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we CPC-ABX

e HUBERT-ABX
PSR - SRS S

The encoder

Acoustic Unit Discovery

. . . 10.00%
(discrete representation learning)

Encoder

8.00%

ABX Error

6.00%
S0 100 200 1000

i i

Nguyen et al (2022)
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TEXTLESS NLP | How
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Nguyen et al (2022)
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Nguyen et al (2022)
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TEXTLESS NLP | How

The encoder

Acoustic Unit Discovery
(discrete representation learning)

kmeans

Encoder

k=50

k=500

1.0

0.8

0.6

-0.4

Nguyen et al (2022)
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TEXTLESS NLP | How

The language
model

Spoken Language Modeling

Language Model

[kmeans]

Encoder

ZRC Task 4
Learn the probabilistic
distribution of speech

Evaluation:
Levels Tasks
Syntactic accept . judgment
4 “they like” vs “they
likes”
Lexical spot-the-word

“blick” vs “brick”
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The language
model

Spoken Language Modeling

Language Model

[kmeans]

Encoder

Leaderboard

Spot the word  Acceptability

w CPC-ABX = « CPC-sWUGGY +++ CPC-sBLIMP
= HUBERT-ABX = + HUBERT-sWUGGY +++ HUBERT-sBLIMP
40.00%
20 00% T T A e o

Error

10.00%

8.00%

6.00%

nunits

Nguyen et al (2022)



TEXTLESS NLP | How

The language

model

Spoken Language Modeling

Language Model

[kmeans]

Encoder

Error

Leaderboard

Spot the word  Acceptability

= CPC-ABX - « CPC-sWUGGY «+«+ CPC-sBLIMP
w HUBERT-ABX = « HUBERT-sWUGGY +++ HUBERT-sBLIMP
> Phonemes i  Phonemes
» 1hot 2+ 1hot
40 00%
20 00% D, t  pTwemsmsm . W

10.00%

8.00%

S0 100 500 1000 2 39
nunits ﬁ

Nguyen et al (2022)
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The decoder

Discrete resynthesis

Decoder

ZRC Task 3
Resynthetize speech
from a discrete code

Evaluation:
® IR201%
e Human (MOS) e w2020
* Baselne
® Tophre
4

nMOS

50 100 500 1000

b. Bitrate

Dunbar, Hamilakis, Dupoux (2022)
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The decoder

Discrete resynthesis

Lakhotia et al (2021). Generative spoken language modeling. TACL.

<)

Decoder

)

Avg PER

k=50,

100,
200
units

ZRC Task 3
Resynthetize speech
from a discrete code

Evaluation:

e PE

% LogMel A CPC HUBERT m W2V

——

40 —

20

10

150 200 250 300 350

bitrate

Correlation between PER and MOS, R=.90-.95
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Generative
Spoken
Language
Modeling

Putting all together

Language Model

m
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Temperature
Language Model —

Generative
Spoken
Language
Modeling

Putting all together

Unconditional generation (low temperature)

Unconditional generation (high temperature)

Lakhotia et al (2021). Generative spoken language modeling. TACL. Unconditional generation (medium temperature)
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Generative

S pO ke n . . . . . . . . . . INTONATION AND RHYTHM
Language

Modeling
e

Expressive language modeling

Kharitonov et al (2021). Text-Free Prosody-Aware Generative Spoken Language Modeling; ACL



Conditional samples

Kharitonov et al (2021). Text-Free Prosody-Aware Generative Spoken Language Modeling. ACL More SampleS: https://speechbot.github.io/pgsim


https://speechbot.github.io/pgslm

TEXTLESS NLP | How

Speech-to-

speech

INTONATION AND RHYTHM

a p p I i CatiO n S . . . CONTENT AND NON-VERBALS

m

Emotion conversion

Kreuk et akl (2021). -
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Dialogue

modeling SEEEEEESES GEESSEEEER

m



TEXTLESS NLP | How

Dialogue

dee“ng J 11111111 J 11111111

m

Automatic continuation

4 second prompt with real humans

Nguyen et al (2022) Generative Spoken Dialogue Modeling
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Challenges

=]

Noise and variability of Meaningful segment Data collection &
real-world audio’ discovery curation

1. CHIMESS. Trmal, Vincent, Watanabe , Barker (2018), Interspeech



TEXTLESS NLP | What'’s hard

Noise robust
Invariant
representations

Data filtering

Data augmentation m

Source separation




TEXTLESS NLP | What'’s hard

e fricative

e affricate e female
e plosive s male
e approximant

e nasal

* nasal-vowel

N Oise I’ObUSt semi-vowel

vowel

Invariant EN
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Speaker normalisation
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De Seyssel et al (2022). Interspeech



TEXTLESS NLP | What'’s hard

Word
discovery

Something is wrong with frame
based units!

SWUGGY sBLIMP ___ sSIMI
System synth. libri.
| 6581 5291 388 5.56
CPC-big+kmSO+BERTsmall — c'0) 3300 302 0.06
| 66.13 5332 442 7.56
CPC-1gHmS0+HLSTM 6622 5289 735 6.66
7069 5426 299 6.68
CPC-small+km50+BERT 7050 5461 896 -1.55
| 7556  56.14 625 8.72
CPC-big+kmS0+BERT 7551 5616 517 175
| 9219 6372 [T 1%
Forced align BERT 0188 6316 |852 241
9790 6678 | 986 1611
Phone BERT 9767 6691 11223 20.16
9658 8156 [32.28 2396
RoBERTa large 9625 8211 |33.16 27.82

Nguyen et al (2021) The Zero Resource Speech Benchmark 2021: Metrics
and baselines for unsupervised spoken language modeling



TEXTLESS NLP | What's hard ZRC Task 2

Lexicon

Discover spoken terms
and segment with it

Word
discovery

Segmentatlon
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Word
discovery

Lexicon

cseanasnes

Segmentation

Encoder

Coverage

ZRC Task 2

Discover spoken terms

and segment with it

100 ¢ a Y
Topline Kam17  Bha20b
Bha20a
75 e
Ras20a o
Gar17a
0 Gar17b
®
25
Ras17
®
Ras20b
0
0 20 40 60 80
NED

Dunbar, Hamilakis & Dupoux (2022)



TEXTLESS NLP | What's hard | ZRC Task 2
Discover spoken terms

and segment with it

Lexicon

60

40

discovery

Word ﬁa sse

High coverage

Segmentation

Token F-score

Low coverage

Encoder

. g S
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Dunbar, Hamilakis & Dupoux (2022)



TEXTLESS NLP | What’s hard

Dataset
collection

Questionnaire for the
FISHER 2.0 dataset

tinyurl.com/3d7d9xmk

We need to define a new way to collect expressive speechina
scalable way

LIBRI-LIGHT and VOX POPULI are large (>50k hours) but they
are not very expressive.

FISHER, CALLHOME, and other conversational expressive and
codatasets already exist but they are too small for current LM
training

We propose to collect a new large (100k hours) open source

dataset with a smartphone app, allowing different kinds of tasks
(debate, story telling, collaborative tasks, open dialogue, etc).

Comments welcome!


https://tinyurl.com/3d7d9xmk

TEXTLESS NLP
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Why it
matters

TEXT-BASED SERVICES

- Search

- Translate

« Question & Answer
- Recommend

- Describe

500

400
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100
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Microsoft

Carnegie Mellon University

Stanford University

Massachusetts Institute of Technology
Tsinghua University

UC Berkeley
Chinese Academy of Sciences

DeepMind
University of Oxford

il B — " — e
/—v—i S —— e —
_‘;aa-:‘-; m— '..//:/
0 L o
2012 2013 2014 2015 2016 2017 2018 2019 2020

Trend of research publications on text-based NLP

University of Cambridge




TEXTLESS NLP | Why

Why It More inclusive

Most languages have no written presence on the web.
matters

More expressive
SPEECH TO SPEECH SERVICES

Search Intonation, rhythm, sarcasms, laughters, yawning, etc.

Translate
Question & Answer . .
More ubiquitous

Recommend

Describe . :
Online games, local radios, podcasts, metaverse.
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Related projects

Self-Supervised
Representation Learning

Wav2vec 2.0, HUBERT

Datasets and Benchmark

Zero Resource Speech Challenge

Fisher 2.0

Cog/Al: Infant learning simulator

Predicting language development

Universal Speech Translation

Speech-to-speech translation
without text

Low bitrate audio compression

Real-time neural codec compressing
audio down to 3kbps (100x less than mp3!)
beating standard Opus codec at 12kpbs

Opus 6kbps

Encodec 3kbps

ACADEMIA FAIR



Zero resource speech challenge: Now
rolling submissions!

Review paper: Dunbar, Hamilakis &
Dupoux (2022). Self-supervised language
learning from raw audio: Lessons from the
Zero Resource Speech Challenge. JSTSP.

Refe rences WebSite: www.zerospeech.com

Textless project at Meta

BlOg pOStZ https://ai.facebook.com/blog/textless-nlp-generating-expressive-speech-from-raw-audio/

Cognitive maChine |earning and https://ai.facebook.com/blog/generating-chit-chat-including-laughs-yawns-ums-and-other-nonverbal-cues-from-raw-audio/

_ _ - Review paper. In progress!
team: https:/cognitive-ml.fr/ Textless library: https://github.com/facebookresearch/textlesslib

Samples, papers and code: https://speechbot.github.io

TEXTLESS NLP

Self supervised audio representations
Review paper: https://arxiv.org/abs/2205.10643

Speech to speech translation

Blog Post: https://ai.facebook.com/blog/advancing-direct-speech-to-speech-modeling-with-discrete-units/

Questionnaire for the
FISHER 2.0 dataset New spoken dialogue dataset collection: FISHER 2.0

tinyurl.com/3d7d9xmk ongoing
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https://arxiv.org/abs/2205.10643
https://ai.facebook.com/blog/advancing-direct-speech-to-speech-modeling-with-discrete-units/
https://tinyurl.com/3d7d9xmk
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