Contents

Abstract A
Resum vii
Resumen ix
Contents xiii

1 Introduction 1
1.1 Framework and motivation . . . . . . . . . . .. . .. ..o, 1
1.2 Scientific and technological goals . . . . . . . . . . . . ... .. ... 3
1.3 Document structure . . . . . . . .. .00 oL Lo 3
2 Preliminaries 5
2.1 Machine Learning . . . . . . . . . . . ..o oL oo 5
2.2 Optimization . . . . . . . . .. L0 o o 7
2.3 Language Models . . . . . . . . . . ... Lo 9
2.4 Neural Model Topologies for Sequences . . . . . . . . . . . .. . ... 12
2.4.1 Recurrent Neural Network . . . . . . . . . . . . .. ... ... 12
2.4.2  Attention Mechanism . . . . . . . . . .. ..o 14
2.4.3 Transformer . . . . . . . . . . L. L0 17
2.5 Machine Translation . . . . . . . . . . . .. .00 o o 20
2.6 Automatic Speech Recognition . . . . . . . . . . ..o 22

3 Machine Translation Systems for News and Related Lan-
guages (WMT) 25
3.1 Introduction . . . . . . . . . L L Lo oL 25
3.2 2D Alternating RNN . . . . . . . . . . . ..o 26

xiii



Contents

Xiv

3.3 German—UEnglish news translation (WMT18) . . . . . . . .. ... .. 28
3.3.1 Data preparation . . . . . . . . ... .00 28
3.3.2 System description . . . . . . . ... 0000 L 31
3.3.3 Experimental evaluation . . . . . . . . . ... .00 L. 31
3.3.4 Comparativeresults . . . . . . . . .. ... 34
335 Conclusions . . . . . . . . . ..o e e 35
3.4 Related Language translation task (WMT19) . . . . . . . . .. .. .. 35
3.4.1 Baseline systems . . . . . . . .. ..o 0oL 36
3.4.2 Fine-tuning . . . . . . . . .. .00 0L 38
3.4.3 Comparativeresults . . . . . . . . . . . ... L., 38
344 Conclusions . . . . . . . . ... Lo 40
3.5 Conclusions . . . . . ... L. L o e e e 40

Streaming Automatic Speech Recognition with Transformer

Language Models 43
4.1 Introduction . . . . . . . . L L L. Lo o 43
4.2 Streaming one-pass decoder . . . . . . . . . . ... ..o 44
4.2.1  Static look-ahead tables . . . . . . . . . . . . ... 45
4.2.2  Variance regularization and lazy evaluation . . . . . . . . . . .. 45
4.2.3 Novel pruning techniques . . . . . . . . . . . . ... 46
4.2.4  Streaming adaptation . . . . . . .. ..o 0oL 0oL 48
4.3 Streaming Transformer language models . . . . . . . . . . . . . .. .. 49
4.4 Experiments . . . . . . . ..o L0000 e e e 50
4.4.1 Experimental setup . . . . . . . . . .. ..o 50
4.4.2 Language model evaluation . . . . . . . . . ... ... .. .. 52
4.4.3 ASR systems with Transformer language model . . . . . . . . . . 53
4.4.4  ASR systems with language model combination . . . . . . . . .. 54
4.4.5  Streaming ASR systems . . . . . . . . .. ..o 56
4.5 Conclusions . . . . . . L. L0 57

Streaming Automatic Speech Recognition with Transformer

Language Models for the Albayzin-RTVE contest 59
5.1 Introduction . . . . . . . . ... Lo oL 59
5.2  Challenge Description and Databases . . . . . . . . . . . . . . .. .. 60
5.3 MLLP-VRAIN Systems . . . . . . . . . .« . . . o o oo 61
5.3.1 Acoustic Modelling . . . . . . . .. ... oL 61
5.3.2 Language Modelling . . . . . . . . . . . ... ... 62
5.3.3 Decoding Strategy . . . . . . . . . ..o 63



Contents

5.3.4 Experiments and Results . . . . . . . . . . . ... ... .. 64

5.4 Closed-Condition Systems . . . . . . . . . . . . . . ... 69
5.4.1 Acoustic Modelling . . . . . . . .. ... 69

5.4.2 Language Modelling . . . . . . . . . . . .. ... ... 69

5.4.3 Experiments and Results . . . . . . . . . .. ... 70

5.5 Conclusions . . . . . . . . L L e e e e e e e e 73

6 Conclusions and future work 75
6.1 Scientific and technological achievements . . . . . . . . . . . . . . . .. 75
6.2 Publications . . . . . . . . L. L0 0oL 76
6.3 Futurework . . . . . . ... 0oL 78
List of figures 79
List of tables 81
List of acronyms 83
Bibliography 87

XV



