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• Automatic Speech Recognition (ASR)
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• Weighted finite state transducer (WFST) Decoding
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Introduction

• Lattice Processing
Lattice rescoring

Discriminative training

Confidence measure

Confusion network

etc.
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Introduction

• GPU-based Parallel Computing 
• Matrix calculation

• Sequence batching



• This Work: GPU-based Decoding
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• This Work: GPU-based Decoding

• GPU memory is enough for 1-pass WFST

Introduction



• Parallel Viterbi decoding
• Future: out-going arcs, e.g. b, c & d

Framework
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• Parallel Viterbi decoding
• Future: out-going arcs, e.g. b, c & d

• History: per layer, e.g. 3 & 2

• Utterance: decoding with separate GPU kernels

Framework



• System overview
• 2 GPU streams & 1 CPU thread

Framework
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• Token recombination

1st Problem: Token recombination

DNN-HMMDictionaryLanguage Model



• Token recombination

Parallel Viterbi Search

We need a

Thread Sync. 

Serial Viterbi Search

Token recombination



• Naïve implementation:
• Critical section

• Thread deadlock in earlier GPU architectures

• Slow because of while loop and semaphore acquiring

Token recombination



• Proposed implementation: 
• Single atomic operation1

int64* atomicMax(*address, val) {

original = *address;

*address = max(val, *address);

return original;

}

Token recombination
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Token recombination

• Proposed implementation: 
• Single atomic operation1

int64* atomicMax(*address, val) {

original = *address;

*address = max(val, *address);

return original;

}



Token recombination

• Proposed implementation: 
• Single atomic operation1



2nd Problem: Load balancing

• Load imbalance:  different num. of out-going arcs
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Token ?
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Load balancing
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• Dynamic load balancing



• Linkedlist → vector

• Atomic operations
• e.g. memory allocation

• Parallel lattice pruning

3rd Problem: Lattice processing



Experiments

• Setup 
• Switchboard 300 hours corpus, Cross Entropy & LF-MMI acoustic models (AM)

• 30k-vocabulary, several tri-gram language models (LM)

• Baseline
• Kaldi 1-best decoder

• Kaldi lattice decoder

• GPU Optimization1

• fast memcpy; merge GPU kernels by adding grid sync.; etc. (rel. 20% speedup)

1. https://github.com/chenzhehuai/kaldi/tree/gpu-decoder



Experiments

• Performance 

• The same 1-best & lattice quality



Experiments

• Speedup

10X speedup
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• Speedup 

+ utterance-parallelism



Experiments

• Speedup 

+ utterance-parallelism

+ utterance-parallelism



Experiments

• Speedup 

Improvement on naïve

GPU decoder



Experiments

• Speedup 

Our new number1

is over 50X

1. https://github.com/chenzhehuai/kaldi/tree/gpu-decoder



Experiments

• Compatibility

• GPU arch.

• WFST size

• Acoustic model 



Experiments

• GPU Memory 

v.s. WFST size

Enough for 1-pass WFST



Experiments

• Profiling 



Conclusion & Future works

• Propose: 
• parallel Viterbi decoding & lattice processing

• Implementation:
• Open-source & compatible with Kaldi recipes: 

https://github.com/chenzhehuai/kaldi/tree/gpu-decoder

• Future works:
• More researches in GPU decoding

• WFST algorithms, e.g. compose, determinize and minimize

• Tight integration with acoustic inference (in GPUs)

https://github.com/chenzhehuai/kaldi/tree/gpu-decoder




Lattice processing

• Lattice pruning
• The original CPU version: 

iteratively updates extra 
costs of nodes and arcs 
until they stop changing

• Proposed: 

• updating in parallel

• Linkedlist → vector

• Atomic operations



Speed and memory optimization

• share WFST between utterances in a GPU

• reduce context switching overheads: multi-process 
service (MPS)

• Lazy malloc to reduce memory: CudaMallocManaged

• grid sync implementation 



Speed and memory optimization

• reduce grid sync using multiple copy of variable
• Do not need to make threads wait for modified1 = false



Speed and memory optimization

• reduce grid sync using multiple copy of variable

• faster atomicAdd by launch-and-go

• sharing atomicAdd

• fast copy


