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( Efficient Implementation of SVM-Based Speech/Music Classifier by
Utilizing Temporal Locality )
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Abstract

Support vector machines (SVMs) are well known for their pattern recognition capability, but proper care should be
taken to alleviate their inherent implementation cost resulting from high computational intensity and memory requirement,
especially in embedded systems where only limited resources are available. Since the memory requirement determined by
the dimensionality and the number of support vectors is generally too high for a cache in embedded systems to
accomodate, frequent accesses to the main memory occur inevitably whenever the cache is not able to provide requested
data to the processor. These frequent accesses to the main memory result in overall performance degradation and
increased energy consumption because a memory access typically takes longer and consumes more energy than a cache
access or a register access. In this paper, we propose a technique that reduces the number of main memory accesses by
optimizing the data access pattern of the SVM-based classifier in such a way that the temporal locality of the accesses
increases, fully utilizing data loaded into the processor chip. With experiments, we confirm the enhancement made by the
proposed technique in terms of the number of memory accesses, overall execution time, and energy consumption.

Keywords : Support Vector Machine (SVM), Selectable Mode Vocoder (SMV),
Speech/Muisc Classification Algorithm, Embedded System, Memory, Cache
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K(X;. X)= exp(

1
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NUM;,: the number of input vectors

NUMes,: the number of support vectors

NUMeature: the number of features in a support/input vector
SVI I: each element of this structure contains a support vector and
its corresponding alpha

IN[ ]: each element of this structure is an input vector

KF: kernel function output
F: decision function output

for (=0;i<NUMni=i+1) {
for (j=0;j<NUMs»j=j+1) {
for (k=0ik<NUMaurelki=k+1) |
dist+=(SV1j] featurelk)-INIil featurelk])*
}
KF=exp(-1/¢ * dist)
F+=SVljlalphaxKF

}
F=F+bias
}
8 2. svMm7|Ek &R]7|e] oAtz E,
Fig. 2 Pseudo code for SVM-based classifier.
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Block number
Block offset CaChC
SV1: -« - 0[0000000 block 0 Register n
::g ces 8 (1)(1J ggggg \ svl_fc.aturc[o]
SV4: ««+0[11/00000 Sv1 sv1 feature[6]
svsi « ++1{00]00000 sl silhn
o s3tetes
SV8: =« « 1{11)00000 - SV5 .
1 sv5.feature[6]
m sv5.alpha
e svl.feature[0]
alpha:  «++0 00 00000 .
featuel: « e+ 000 00100 Sv1 sv1 foature[6]
feature2: <+ <000 01000 svl :alpha
feature3: <<+ 00001100 sv5 feature|0]
feature4: <+ <000 10000 .
featureS: *++0 00 10100 SV5 .
feature6: «* + 0 00 11000 sv5.feature[6]
feature7: *++0 00 11100 sv5.alpha
(a) (b)

d3 3. (@) MEEHES T4 (b) FHAIZH 01t 2 XA
B nel L{SHSt

Fig. 3 (a) Support vectors’ addresses (b) Contents of
cache block 0 and register n.
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NUM;,: the number of input vectors

NUMS,: the number of support vectors

NUMpeaure: the number of features in a support/input vector
SVI ]: each element of this structure contains a support vector and
its corresponding alpha

IN[ I each element of this structure is an input vector

KFI1, KF2: kernel function output

F1, F2: decision function output

for ((F0<NUMpi=i+2) {
for (=05 <NUMsp»j=j+1) {

for (k=0;k< NUMparureik=k+1, {
dist1+=(SVIjlfeaturelk]-INlil feature[k])*
dist2+=(SV1jlfeaturelk]-IN[i+1] featurelk])’

}

KFl=exp(-1/0 * distl)

KF2=exp(-1/7 * dist?)

F1+=SVljlalpha*KF1

F2+=SVljlalpha+KF2

}
Fi=FI+bias
F2=F2+bias
}
a8 4 AN ZFME =2 SVMIIEE /712 oAt
IE

Fig. 4 Pseudo code for the enhanced SVM-based
classifier that generates more temporal locality.
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Cache
block 0 Register n
svl feature[0]
T SV1 svl .fe.ature[6]
1 svl.alpha
m sv5.feature[0]
¢ SV5 .
sv5.feature[6]
sv5.alpha

AlZHY ZHME =2 SYMZ|EF EF7(of ofst
FHAIES 01 2 X[AE no| W EH3EL,

Fig. 5 Contents of cache block 0 and register n when
the enhanced SVM-based classifier is used.
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Table 1. Parameters for the processor simulator.
ISA ARMv4T
Clock Freq 800Mhz
Pipeline 5 stages, in-order, dual issue
Branch Dynamic prediction (bimodal)
64KB separate Inst/Data cache,
Cache .
4dway, 32B line, 1 cycle latency
Memory 64bit bus, 100 cycle latency, 1 port
FPU 1 adder (2 cycle, pipelined)
1 Multiplier (4 cycle, pipelined)
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Table 2. Statistics of the accesses to the cache for
reading support vectors.

1 2 3 4 5 6
access | 88K | 44K | 30K | 22K | 18K | 15K
miss 13K | 64K | 44K | 32K | 26K | 22K
ratio 015 (015 | 015 |015 |015 |015

numofinstructions ®WExecutionTime ™ Energy Consumption

L

Thenumber of input vectors simultaneously classified

A

Motz 7|%ol o|st HH
of L X|2=H[ Q] B35}

Effectiveness of the proposed technique in terms
of the number of executed instructions,

execution time, and energy consumption.

A2t

—,

o h=,

Jfu
BN
[ ol
i 1
ofN

7t

ot
°

29 oilmES} 18 4
Aol BFE e
o A7 AA Ak
P ubg o) whisl s
B MEr Bold 2 7

5
Al AR e 371 59
.7_5_16

e
ol UE

L
>
T

=

)
S,
s
9 K

=L

o,
of,
ot fﬂ
2

2
4 =

M
e
nox

o
M 2
‘\I
oN
1r

2 I
A ]

o>
-3
=z 2

L
kY
E

3
EH‘U
offt

o,
oﬁ?&

o) Bgelel A ol

[o 2 o oft W 1o lo ab
o
ol

ftl
N
1% Mo
32
o
=l
M =

N
N
. S

o
= ol
B N

=

f

>
ot
>,
)
rlo

<

i
rlr

O,
)
=
)
lo

P

2,

i
N

W
yizd
rr
posh
o
fetl
[ies
rO
<,



20124 38 MA3Es ==X M 49 # SP H H 2 & 155
otdl 7|HE ASS A SVMIZ|NE BEF719] A3 weight training for support vector
74} YA AR 2 FaHoR AN S 9es B machine-based speech/music ~classification in
o 3GPP2  SMV  codec,”  IEICE  Truns.
e Fundamentals of Electronics, Communications

SO AFIARE SVM/INE 25716 F1HA and Computer Sciences, vol. E93-A, no. 1, pp.
<RAE TG o) &&ste mHAQl TIEE 4 316-319, January 2010.
Tah= Aot} [7] J. Bsckus, “Can programming be liberated from

el 2

2 AT AABAR 2 S r1ed e Y
IT3A 7=/t o] dsto® 86kl [2009-S-
036-1, 32445 73wl 4 2 7lg 7]

Fg o] = 0119 E AR (&3 r|E)e A
SrAT ATt oigEA A GG o7
9] (2011-0022980)

o AT
P

+ rjz

Jéll-

e

Kl
MO

[1] 3GPP2 Spec., “Source-controlled variable-rate
multimedia wideband speech codec (VMR-WB),
service option 62 and 63 for spread spectrum
systems,” 3GPP2-CS0052-A, vol. 10, April
2005.

Y. Gao, E. Shlomot, A. Benyassine, J. Hyssen,
Huan-yu Su, and C. Murgia, “The SMV
algorithm selected by TIA and 3GPP2 for
CDMA appications,” in Proc. IEEE International
Conference on Acoustics, Speech, and Signal
Processing, vol. 2, pp. 709-712, May 2001.

[3] J. Saunders, ‘“Real-time discrimination of
broadcast  speech/music,” in Proc  IEEE
International Conference on Acoustics, Speech,
and Signal Processing, vol. 2, pp. 7-10, May
1996.

A. Bugatti, A. Flammini, and P. Migliorati,
“Audio classification in speech and music: a
comparison between statistical and a neural
approach,” EURASIP Journal on Appliled
Signal Processing, vol. 2002, pp. 372-378, April
2002.

S. -K. Kim and J. -H. Chang, “Speech/music
classification enhancement for 3GPP2 SMV
codec based on support vector machine,”
IEICE Trans. Fundamentals of Electronics,
Communications and Computer Sciences, Vol.
E92-A, no. 2, February 2009.
[6] S. -K. Kim and J. -H. Chang,

(2]

“Discriminative

(282)

the von Neumann style?: a functional style and
its algebra of programs,” Communications of the
ACM, vol. 21, pp. 613-641, August 1978
J. L. Hennessy and D. A. Patterson, “Computer
architecture: a quantitative approach,” Morgan
Kaufmann Publishers Inc, San Francisco, CA,
1990.
W. M. Fisher, G. R. Doddington and K. M.
Goudie-Marshall, “The DARPA speech
recognition research database: Specifications and
status,” in Proc DARPA Workshop Speech
Recognition, pp. 93-99, February 1986.
[10] T. Austin, T. Mudge, and D. Grunwald, Sim
—-panalyzer.
http://www.eecs.umich.edu/~panalyzer/.

[8]



156 A

™
1z
ry
i
0x
og

)z
njo
ofm
ro
fol
o
1A
re

ol & (339

1996
20044

20094

20104

daeta 7] sha}

vl ol = 2 o 3
Axg et A4
gl B ol et

AFE T3} v}
sk et WAL oA

o

2011 Z¥ st A Fusy

<FHAEOF - ASFH
aA4e, deAT>

T2, Qe Azw, A

IS IR |

4
ra
oz
oE
)
o
4>
o

B 8439

199811 7= ojsti 2435t}
stA}.,

20004 A g ehata 47
A2}

2004 A -Euisti A7) 7 FE
R uha)

20001 ~2005 ()l 2= A%
2004 ~2005 A E o F g,
AFEIPIFEH(UCSB) 97279l
20059 @318 7] AT AKIST) D79
200511 ~2011%d Qb ek AApF . 2
20114 ~ A FFhst §FAAFE L
<FRAEol: NEA, erle AEAY,
B2 AEAE, FH/AFE AE o] 2>




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


