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Introduction

Large vocabulary continuous speech recognition (LVCSR) systems are usually based on continuous density HMMs [1],
which are typically implemented using Gaussian mixture distributions. Such statistical modeling systems tend to
operate several times slower than real-time, largely because of the heavy computational overhead of the likelihood
evaluation and the decoding search [2, 3]. A wide variety of techniques based on different strategies have been devised
to speed up the likelihood computation as well as the search procedure [4, 5, 6]. The objective of this research is to
investigate how to utilize the improvements of modern computer architecture, especially the manycore graphics
processing unit (GPU) and Single-Instruction-Multiple-Data (SIMD) technology, to facilitate high-speed speech
decoding. By launching a large amount of threads on a manycore GPU, data-level parallel computation can be easily
implemented. Therefore, it is suitable to use general-purpose GPU instead of CPU to perform parallel computations in
LVCSR systems [7, 8] to improve the real-time performance without degrading the recognition accuracy. In this
research, the speech decoding module HVite in the open source LVCSR toolkit HTK 3.4 [9] has been modified to
implement the parallel speech recognition.

Methods

Two parts of computation, namely the likelihoods evaluation of each speech frame against all active HMM states, and
the Viterbi beam search implemented by using a token passing scheme, play the central roles in HVite. Since the
number of the active model states usually ranges from 2000 to 6000, the state likelihoods evaluation is computation-
intensive and takes typically about 60% of the total decoding time. Reducing the time consumption of likelihoods
computation is an important issue in improving real-time performance of the system. Likelihoods of a certain
observation frame should be computed successively at different levels. For a specific input frame, computations on an
object at a certain level are normally independent of the computations on other objects at the same level [4]. Therefore,
the likelihoods can be computed in parallel within each of these levels. This intrinsic parallelism lays the foundations
for implementing the likelihoods evaluation in parallel computing schemes on the manycore GPU.

GPUs excel at arithmetic-intensive computations such as dense matrix multiplication. To facilitate the parallel
computation on the GPU, a new parallel algorithm has been design to express the likelihoods evaluation as matrix
multiplications. New data structures are correspondingly designed to represent the acoustic model parameters as
matrices [8]. A batch scheme is adopted in the parallel algorithm to transfer a bundle of successive observation feature
vectors from CPU to GPU during each communication session to reduce the communication frequency between the two
processing units. CUDA technology [10] has been used to implement the parallel algorithm. During the decoding, the
CPU first transfers a bundle of feature vectors to the GPU, and then creates a CUDA stream to launch a large amount of
threads on the GPU to perform the likelihoods computation, upon the completion of which the acoustic scores are fed
back to the CPU. After the invocation of the stream, the program control returns immediately to the CPU so that the
CPU can operate in parallel with the GPU: based on the acoustic scores fed by the GPU, the CPU performs the Viterbi



beam search operations such as token passing and path pruning on the current window of observations while at the same
time the GPU is computing the acoustic scores on the next observation window. In this asynchronous manner, the
computational power of both CPU and GPU can be exploited to the maximum extent. Within each thread which runs on
the GPU, SSE instructions are employed to enable the cores in the GPU to perform data-level parallel computation
based on their SIMD architecture, so as to further speed up the likelihood evaluation.

Results

The HVite module in HTK3.4 has been modified to implement the parallel speech decoder. Two large vocabulary
continuous speech corpora of English, TIMIT and WSJO, are used to evaluate the performance. The performance is
assessed by calculating the time for completing the recognition task. All results are evaluated on a 2.66GHz Intel Core 2
Duo machine with 4GB RAM. The GPU is NVIDIA GeForce 9800 GTX, containing 128 stream cores. The system
platform is Ubuntu 9.04 Desktop. It shows that, for the speech decoding by using 32-Gaussian HMMs, the parallel
decoder works about 3 times faster than the original version.

Conclusions

A parallel speech decoder based on the open source LVCSR system HTK 3.4 has been implemented on the PC platform
with NVIDIA manycore GPU, by using the CUDA programming model and the SIMD technology. In this parallel
decoder, the likelihoods evaluation is performed on the GPU, while the other tasks of Viterbi beam search are
performed asynchronously on the CPU. Compared to the serial computing implementation, the parallel decoder
achieves a significant speed-up without degrading the recognition accuracy. Therefore, the GPU-based computation is
an effective and practical way to improve the real-time performance of LVCSR systems.
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