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Breaking the End-to-End Black Box

“I really
need it” Translate

Ich wirklich
brauche

What went wrong and how can it be fixed?

Ich wirklich
das brauche
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Breaking the End-to-End Black Box

“I really
need it” Translate

Ich wirklich
[das] brauche

Ich wirklich
das brauche

What went wrong and how can it be fixed?

● Generating translations that are too short? Part 1
● Recognizing what was said? Part 2
● Explaining why this is mistranslated? Part 3

“I really
need [it]”

Still, I don’t know why this error 
happens because I don’t 
know that “it” corresponds 
to “das”



Today’s Talk
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Length Control in Speech Translation

What is a good translation?
● Correct meaning
● Correct length

○ e.g. isometric ST for subtitling

Part 1: Controlling ST output lengths via joint CTC/attention CMU’s IWSLT 2022 Dialect Speech Translation System, Yan et al., IWSLT 2022

Example from IWSLT 2022 Isometric ST Track



Length Control in Speech Translation

What is a good translation?
● Correct meaning
● Correct length

○ e.g. isometric ST for subtitling
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Problem: autoregressive decoders do not have robust 
end-detection

● Reliant on length penalty/bonus 
hyperparameter; not robust across 
domains/datasets

Example from IWSLT 2022 Isometric ST Track

Degenerating quality due to incorrect length penalty leading to overly long outputs



Length Control in Speech Translation

Part 1: Controlling ST output lengths via joint CTC/attention CMU’s IWSLT 2022 Dialect Speech Translation System, Yan et al., IWSLT 2022

Problem: autoregressive decoders do not have robust end-detection
● Reliant on length penalty/bonus hyperparameter; not robust across domains/datasets

Over-tuning easily happens! This was our experience in IWSLT 2021

Results on “original” blind test set; similar lengths to dev data Results on new blind test set w/ shorter references (different annotation guidelines)



Hmm.
We had the same 

experience before…





Joint CTC/Attention for ASR [Kim+ (2017), Hori+ (2017), Watanabe+ (2017)]

Part 1: Controlling ST output lengths via joint CTC/attention CMU’s IWSLT 2022 Dialect Speech Translation System, Yan et al., IWSLT 2022



Joint CTC/Attention for ASR [Kim+ (2017), Hori+ (2017), Watanabe+ (2017)]
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More robust input/output alignment of attention
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Let’s Apply Joint CTC/Attention Architecture to Speech Translation

Part 1: Controlling ST output lengths via joint CTC/attention CMU’s IWSLT 2022 Dialect Speech Translation System, Yan et al., IWSLT 2022

Hierarchical Encoding (ASR→ST)

Just attaching the CTC branch (!?)
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Joint CTC/Attention Decoding: 2 Synchronous Methods

Part 1: Controlling ST output lengths via joint CTC/attention CMU’s IWSLT 2022 Dialect Speech Translation System, Yan et al., IWSLT 2022
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Joint CTC/Attention: Robust End-Detection

Part 1: Controlling ST output lengths via joint CTC/attention CMU’s IWSLT 2022 Dialect Speech Translation System, Yan et al., IWSLT 2022

Carefully tuning length penalty may not be necessary!



Joint CTC/Attention: Results

Part 1: Controlling ST output lengths via joint CTC/attention CMU’s IWSLT 2022 Dialect Speech Translation System, Yan et al., IWSLT 2022
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Better Speech Translation via Better Speech Recognition
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ASR Decoder State
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Multi-Decoder with Searchable Hidden Intermediates
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Multi-Decoder with Searchable Hidden Intermediates
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Better ASR → Better ST
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Multi-Decoder with Searchable Hidden Intermediates
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retrieval using external models!

Strategy 1: 
Beam search over ASR output w/ use of 
external models (e.g. LM, CTC)

Strategy 2:
Use of post-processing to improve ASR 
output (e.g. ROVER ensembling)
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Which one is more explainable?

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(
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Word-Level Speech Translation Explanations
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Align, Write, Re-order

Our goal is to get the speech translation result 
via this aligned information

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(



Align, Write, Re-order

(I, [Position A], Ich) (really, [Position B], wirklich) (need, [Position C], brauche) (it, [Position D], das)

!"#$%to serialize

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(



Align, Write, Re-order

(I, [Position A], Ich) (really, [Position B], wirklich) (need, [Position C], brauche) (it, [Position D], das)

&'#() the aligned (synchronized)
translation result 

Ich wirklich brauche das

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(



Align, Write, Re-order

(I, [Position A], Ich) (really, [Position B], wirklich) (need, [Position C], brauche) (it, [Position D], das)

*)+',)' to get the final translation result

Ich wirklich brauche das

Ich brauche das wirklich

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(



Align, Write, Re-order

(I, [Position A], Ich) (really, [Position B], wirklich) (need, [Position C], brauche) (it, [Position D], das)

Ich wirklich brauche das

Ich brauche das wirklich

• Explainable
• Easy to analyze

• Streamable
• Get the translation result as soon as we get the ASR result 

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(



Operation Sequence Generation: Absolute Position

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(

Objective: represent ASR/ST + word-alignment information as a single sequence

Strategy 1: 
! Obtain word-level alignments on training data using statistical aligner (e.g. GIZA++)
! Define sequence of tuples of (source word, target word .3,+1"%)$9+,'%'+&:$target word)
! Insert target words into correct order in post-processing

(I, [0], Ich) (really, [3], wirklich) (need, [1], brauche) (it, [2], das)

Absolute position operation sequence

K By predicting target word absolute positions, 
we can generating translations out-of-order 
(while generating transcriptions in-order)



Operation Sequence Generation: Relative Shift

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(

Strategy 2: 
! Obtain word-level alignments on training data using statistical aligner (e.g. GIZA++)
! Define sequence of tuples of (source word, target word #)1.%'/)$,-'*%, target word)
! Insert target words into correct order in post-processing

*+!,'!"-./$!'% 01%2#.34%$2'!5"6
:5*&0#,/#$%(,%#;"#<,%=#>?25-.3&%7#&2#5.@A#BCDEF

GHIJIK?L 1no operation
G?M"J;NOPMOL1place write-head marker
GQ;KJRSTL#1 jump right to next write-head marker
GQ;KJ:STL#1 jump left to prev write-head marker
GHIJ?O!L#1no aligned source word
GHIJ"U"L 1no aligned target word
GMIKL1end of tuple (not displayed for space)

Special thanks to Prof. Graham Neubig



Operation Sequence Generation: Training and Inference

● Training: 
○ After the data preparation, we !"#$%$&'()%*$%to E2E ST Training (only data preparation)

● Inference: 
○ !"#$%$&'()%*$%to E2E ST beam search
○ Extract translation results with re-ordering

:'&*;) <((=,;>>#?#&$/0?-*&>@4ABC*3?$#+D

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(

https://i.imgur.com/9MT5NoH.gifv


Operation Sequence Generation: Results

Part 3: Explaining ST via word-level ASR alignments Align, Write, Re-Order: Explainable E2E Speech Translation via Operation Sequence Generation, !"# $%"&'(
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Absolute Position: 
Difficult to generalize; 
performance lags behind 
direct ST models

Relative Shift:
On-par with direct ST 
models → achieves 
explainability without 
sacrificing performance!



Takeaways
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G Part 1: CTC alignments stabilize the length problem of autoregressive decoders

G Part 2: External model correction of searchable ASR intermediates improves ST

G Part 3: Word-level explainability does not sacrifice translation quality

We are putting them to ESPnet

Let’s work together on Controllable and Explainable E2E Speech Translation!
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