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Streaming (Online) ASR vs. Full-context (Offline) ASR
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Motivation: Unify Steaming and Full-context ASR

● Obvious benefits:
1. Simplified development and deployment workflow.
2. Reduced model download and storage on devices.

● What’s more:
1. Explore if unification might help model quality:

a. Word Error Rate
b. Emission latency of streaming ASR



A Review of Streaming / Full-context ASR Models



A Review of Streaming / Full-context ASR Models

Observation: Modern 
end-to-end streaming and 
full-context ASR models 
share most of the neural 
architectures and training 
recipes in common, with 
the most significant 
difference in the ASR 
encoder.



Challenge: How to unify ASR encoders (dual-mode 
encoders)?
● We propose two Design Principles for dual-mode encoders:

1. Each layer in a dual-mode encoder should be either dual-mode 
or streaming (a.k.a., causal).

2. The design of a dual-mode layer should not introduce 
significant amount of additional parameters, compared with its 
streaming model.

Dual-mode Self-attention



Challenge: How to unify ASR encoders (dual-mode encoders)?

● Applying two design principles to all neural-net layers:
1. Pointwise operators
2. Dual-mode convolution
3. Dual-mode average pooling
4. Dual-mode self-attention
5. Dual-mode normalization
6. ...



Inplace Distillation:

We use full-context mode as teacher, to distill the streaming 
mode (student) within the SAME model:
NO additional computation / memory cost.



Experiments -- Dataset



Experiments -- Evaluation Metrics

WER: Word Error Rate (recognition quality)
Partial Recognition Latency: the timestamp difference of two events:
1) when the last token is emitted in the finalized recognition result;
2) the end of the speech when a user finishes speaking



Experiments -- Main Results on MultiDomain



Experiments -- Main Results on LibriSpeech



Summary

1. We propose a unified framework, Dual-mode ASR, to train a single end-to-end 
ASR model with shared weights for both streaming and full-context speech 
recognition.

2. We show that the latency and accuracy of streaming ASR significantly benefit 
from weight sharing and joint training of full-context ASR, especially with 
inplace knowledge distillation.

3. We present extensive experiments with two state-of-the-art ASR networks, 
ContextNet and Conformer, on two datasets, a widely used public dataset 
LibriSpeech and an internal large-scale dataset MultiDomain.


