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A Speedup Technique for Speech Recognition
using Multimedia Instructions Set and Region Reuse
Megumu Katsuno
Abstract

Recently, computers has become smaller in size and faster in speed, so that
the multimedia data such as audio or video streams are easily handled. Above
all, the speech recognition begin to spread widely due to the improvement in
accuracy. However, the processing cost for high-level speech recognition is ex-
tremely large, then more efficient framework for processing is required. This
paper focuses on several boosting techniques from the view of computer archi-
tecture, that is region reuse and multimedia instructions.

Region reuse is one of techniques to speed up. The set of input and output
for an instruction region is memorized and reused if the region is encountered
with the same set of input. When the image and the speech data are processed,
speed-up using region reuse can be expected because there is a possibility that
the instruction section such as subroutine and loop executes it repeating the
calculation of which it inputs a similar value. In a research about MP3 encoder
which compress audio, the number of execution instructions has been reduced
by 25% or less by tolerant reuse technique. On the other hand, multimedia
instructions is a popular mechanism to process several data stored in wide
registers at once.

This paper investigates ’Julius’ which is one of speech recognition systems.
In this program, the phoneme is identified by calculating each probabilities
where each phoneme becomes the candidate corresponding to the voice data
exploiting HMM, sound model, word dictionary and language model. As a
result of detailed analysis, the region that calculates output probability of each
phoneme by comparing input voice data with sound model costs 40% of total
execution time. The initial evaluation of original program exploiting region
reuse and precomputation shows boosting 30% in speed.

Secondly, I modified the source code to improve the hit ratio of region reuse
exploiting tolerant reuse technique. The target sections are following regions,

those are (1)the function which calculates the probability of transition from a



v

phoneme in previous frame to each promising phonemes in present frame, and
(2)the function which accumulates the probabilities and returns the result. As
for the former, I considered that the number of input patterns could be decreased
by using orignal floating point numbers as arguments instead of indirect pointers
to the floating point numbers. Moreover, I exploited tolerant reuse degrading
the accuracy of input floating point numbers, considering that the unexpected
side effect against the output. Also the same technique is applied to the latter.
As a result, 50% of cycles were eliminated though there is no effect without
tolerant reuse in region(1l). Besides 14% of cycles were eliminated. In the
latter, although the hit ratio of region reuse could be increased by 1% with the
technique that sorts the arguments in order and reduces the number of input
patterns, the overhead of the sorting decreases the effect and results in only 2%
speed-up against the original program.

Moreover, I rewrote the kernel codes of the output probability calculation
using multimedia instruction set what we call SSE. In detail, four sets of floating
pont data representing characteristics of speech data, sound model and covari-
ance matrix are packed in 128bit XMM registers. As a result, functions boost
maximum 38%, and the overall execution was boosted 5%. Additionally, consid-
ering the accurate calculation in original program which degrades the accuracy
for speeding up, the section was boosted 30%0 by SSEs and whole execution
was boosted 15%. This paper concludes that overall 7% speed-up is achieved
exploiting both tolerant region reuse and multimedia instructions against the

original algorism.
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4.1.2 addlog_array
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movaps (%ebx) ,%xmm3
movaps (%edx) ,’%xmml
subps %xmm1,%xmm3
mulps %xmm3,%xmm3

movaps (%ecx) ,’%xmm?2

U A O vy

divps %xmm2,%xmm3

012 5, 000000000000

XMMO SIS,

XMM3 Sj+3 Sj+2 Sj_;,.l Sj
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XMMS5 | shift— | th[j+3] | th[j+2] | th[j+1]
CMPSS
XMMO SIS
T+
XMM3 | shift— | Sy | Sjue | Sia
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00000000000 compute.gbeam pruning0 00000000000
goooobo0oboobooobooboodivsOboooboobOon
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addss %xmmO, %xmm3

movaps 7%xmm3, %xmmé4

pslldqg $4,%xmm4
addss %xmm3, %xmmO

addps %xmm4,%xmm3
cmpltss %xmmO, %xmmb

xorps %xmmO, %xmm0
movmskps %xmmb,%eax

movlhps %xmm3,%xmm0
test $1,%ax

addps %xmm3, %xmm0
jne .L80

cmpltps %xmmO, %xmm5
psrldq $4,%xmm3
movmskps ’%xmm5,%eax

or $0,%ax

Ol6: 000oo0booobon jne .L80

psrldq $4,%xmm5

psrldq $12,%xmm0
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0000000 0computeg_beam_updating OO0 20000000 300150
goboboooobobbooogbobo 3gbbobooobboodilcom-
pute_g_beam pruning0 00000 2000000000000 00O0O0O0OO
SSE0D00DO0DOODOO00DOO00DOO00DOO0ODOO00ODOO0O0DOOoODOOODO

Oo0o0o0o0oooooog2000000000o0on
i:((vec[i] — meanli])?/var[i]) (0 < j < 24) (12)

1=0

000000000 b[i0c[ij00000000 set_dimthres 0 0 0
thli] = max(b[i], c[i]) + Const(0 < i < 24) (13)
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