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Abstract. We introduce a processing performance of Particle Swarm Optimiza-
tion with SIDM-oriented Fast Mersenne Twister on the Cell Broadband Engine. 
Extreme-high processing performance is demanded for solving very complex 
optimization problem in a small amount of time. In this research, we verified 
the effectiveness of employing SIMD-oriented Fast Mersenne Twister on the 
Cell Broadband Engine for the processing of Particle Swarm Optimization by 
numerical simulations. 

1   Introduction 

Optimization problem is the problem of finding out the best solution from all feasible 
solutions. Particle Swarm Optimization (PSO) [1], which is a meta-heuristic inspired 
by a swarm of insects or a pod of fish, shows excellent performance for optimization 
problems and has been successfully applied to function optimization [2] and neural 
network training [3]. PSO achieves to search the best solution by using several parti-
cles that represent candidate solutions. PSO has a good feature that the algorithm is 
described by simple equations that update positions of the particles using a pseudo 
random number. However, its computational cost drastically increases according to 
the number of the particles, search dimensions and search trials. PSO requires vast 
amount of calculations including a generation of pseudo random number. The genera-
tion of pseudo random number is very important to the performance of PSO and rela-
tively occupies a large amount of processing time in PSO processing. Thus, a fast 
generation method of the pseudo random number is essential for improvement of PSO 
in aspect of the processing time. 

SIMD-oriented Fast Mersenne Twister (SFMT) is designed for fast generation of 
the pseudo random number using Single Instruction Multiple Data (SIMD) operation 
and multi-stage pipelines of modern CPUs. SFMT generates pseudo random numbers 
extremely fast compared with conventional ones. Furthermore, quality of the gener-
ated numbers is superior as random numbers. In order to bring out the performance of 
PSO with SFMT, a suitable processing unit should be used. In this paper, we propose 
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to apply the Cell Broadband Engine (Cell/B.E.) processor to PSO with SFMT. The 
Cell/B.E. processor is a heterogeneous processor that targets video games, multimedia 
applications, and scientific computation. The Cell/B.E. has excellent floating-point 
processing performance compared with other old supercomputers.  

Additionally, the Cell/B.E. is available for a scientific research with a reasonable 
price because it is mounted on the game console, PLAYSTAION3. In this paper, we 
implement PSO algorithm with SFMT on the Cell/B.E. processor for speed-up of 
PSO. Finally, we show that the Cell/B.E. effectively perform PSO with SFMT com-
pared with a general processor. 

2   Implementation of Particle Swarm Optimization with SIMD-
Oriented Fast Mersenne Twister on the Cell Broadband Engine 

2.1   Particle Swarm Optimization and DeJong’s Benchmark 

Fig. 1 shows the schematic picture of PSO. Each individual in the particle swarm is 
composed of three d-dimensional vectors, where d is the dimensionality of the search 
space. The current position, the previous best position and the velocity are denoted by 
xi, pi and vi, respectively. Here, i is index of the individual. In the particle swarm 
optimization process, the velocity of each particle is iteratively adjusted so that the 
particle stochastically oscillates around pi and pg. pg is the best of all pi. At each step, 
the desired optimization fitness function in d variables is evaluated, then, pi and pg are 
renewed. The equation of PSO is described as follow, 

 

vi
k+1 = γvi

k + c1U 0,φ1( )⊗ pi
k − x i

k( )+ c2U 0,φ2( )⊗ pg
k − x i

k( ),
x i

k+1 = x i
k + vi
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⎩ ⎪ 
 

 
Here, gamma = 0.99, C1 = 0.9 and C2 = 0.9 are parameters which govern search 
policy of each particle. k is time step. U() is a vector of pseudo random numbers uni-
formly distributed in [0, φ]. ⊗ is component-wise multiplication. 

As a benchmark of PSO, DeJong’s benchmarks [4] were used. In the experiments, 
100 and 500 iterations were performed for F1-F3 and F4-F5, respectively. 2400 trials 
were done in each benchmark.  

2.2   SIMD-Oriented Fast Mersenne Twister 

SFMT is proposed by M. Matsumoto and M. Saito in 2006 [5]. SFMT is a linear feed 
back shift register type pseudo random number generator. SFMT is designed consid-
ering new features of modern CPUs, such as Single Instruction Multiple Data (SIMD) 
operation and multi-stage pipeline processing. 

We coded SFMT for the Cell/B.E. by modifying SFMT version 1.3.3 for PowerPC 
Altivec provided on the website [6]. In the case of using SFMT on the Core 2, SIMD 
processing was disabled. The fill_array32 function was used in SFMT for batch proc-
essing of pseudo random number generation. The rand() function of standard library 
of ANSI C was used for performance comparison with SFMT. 
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Fig. 1. The schematic picture of PSO. Particles represented as circles that search the optimum 
value in cooperation with other particles. 

2.3   Cell Broadband Engine Processor 

The Cell/B.E. is a heterogeneous microprocessor that results from a joint effort 
among the Sony Group, Toshiba and IBM. The Cell/B.E. has a PowerPC processor 
Element (PPE) designed for general-purpose processing and 8 Synergistic Processor 
Elements (SPEs) designed for high performance floating-point computation [7]. In the 
Linux programming environment of PLAYSTATION3, the one PPE and the six SPEs 
of the Cell/B.E. are available. The peak performance of the Cell/B.E. processor of 
PLAYSTATION3 is about 200 GFLOPS. In this research, we mainly used the SPEs 
for PSO processing except for starting and ending process of the SPE threads by the 
PPE. Numerical calculation was performed with single precision. Table.1 shows 
equipment of the Cell/B.E. Machine and Core 2 Machine.  

Table 1. The equipment of the Cell/B.E. Machine and the Core 2 Machine 

 Cell/B.E. Machine: PLAYSTATION3 PC: IBM PC/AT Compatible 

CPU Cell B.E. 3.2 GHz (PPE +6SPE) Core 2 Duo 2.66GHz (1core usage) 

Memory XDR 256MB DDR2 2GB 

OS FedoraCore6 (kernel 2.6.18-53.1.4.el5) CentOS5 (kernel2.6.18-53.1.4.el5) 

Compiler GCC 4.1.1 for Cell B.E (-O3) Intel Compiler ICC (-O3) 

Library Cell SDK 2.1, libspe2, SIMD Math 

Library 
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Fig. 2. The reduction of processing time by using SIMD processing on the one SPE in De-
Jong’s benchmark 

3   Experimental Results and Discussions 

First, we compared the processing time using the one SPE of the Cell/B.E. with that 
using the Core 2 processor when the rand() function of ANSI C was used for pseudo 
random number generation in PSO processing. Fig. 2 shows the results of DeJong’s 
benchmarks of PSO using the one SPE with SIMD instructions, the one SPE without 
SIMD instructions and the Core 2 with normal C program. In the SIMD processing, 4  
 

 

 

Fig. 3. The performances calling with increase in the number of SPE 
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Fig. 4. Pie charts for processing time ratios 

trials were assigned to each element of one vector, and performed in parallel. In the 
all benchmarks, by using SIMD, the processing times of Cell/B.E. were shortened 
more than 5 times. These were because of parallelism effect by SIMD instruction and 
efficient execution of intrinsic functions for the SIMD instruction. The processing 
times using the one SPE with SIMD instructions took twice as much as that of the 
Core2. 

Fig. 3 shows the results of DeJong’s benchmarks of PSO when the one SPE, the 
six SPEs or the Core 2 was used with the rand() function. The six SPEs computed 
PSO 6 times faster than the one SPE. This performance scaling occurred due to paral-
lel execution of independent trials on the six SPEs. As compared with the Core 2, the 
six SPEs took 1/7 to 1/3 of processing time. Fig. 4 shows a pie chart showing process-
ing time ratio. PSO processing mainly consisted of 4 parts, updating of particle posi-
tion, evaluation, finding of the best value and updating of velocity. The longest time 
in all benchmarks was taken in the part of updating of velocity that mainly performed 
pseudo random number generation. Speeding up of random number generation should 
be effective for shortening processing time of PSO. 

Table 2. The processing time ratios between the Cell/B.E. and the Core 2 with SFMT or the 
rand() function 

 F1 F2 F3 F4 F5 

Core 2-rand/ 
Cell-SFMT 

41.4 42.0 29.1 33.5 13.9 

Core 2-SFMT/ 
Cell-SFMT 

13.9 15.0 13.7 12.1 12.0 

Core 2-rand/ 
Cell-rand 

3.0 3.3 3.5 3.3 7.2 
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Fig. 5. The high speed processing of PSO by the Cell/B.E. with SFMT 

Next, we introduced SFMT into PSO processing. Fig. 5 shows processing times of 
DeJong benchmarks of PSO using the six SPE of the Cell/B.E. or the Core 2. In the 
cases, SFMT or rand() function was used for pseudo random number generator. In the 
both case of the Cell/B.E. and the Core 2, processing times were drastically shorten 
by employing SFMT as compared with the rand() function. Combination of SFMT 
and the Cell/B.E. performed fastest computation in the all benchmarks. Table 2 shows 
processing time ratios between the Cell/B.E. and the Core 2 shown in Fig. 5. The 
combination of the Cell/B.E. and SFMT were approximately 14 to 42 times faster 
than the combination of the Core 2 and the rand() function (see Table 2 row 1). Table 
2 also shows effectiveness of combination of SFMT and the Cell/B.E. When the 
rand() function was used for both processors, the Cell/B.E. calculated faster just 3 to 7 
times than the Core 2 (see Table 2 row 3). On the other hand, when SFMT was used 
for the both processors, the Cell B.E. calculated 12 to 15 times faster than the Core 2 
(see Table 2 row2). This result suggests that SFMT brought out high floating-point 
performance of the Cell/B.E. because of its optimization for SIMD and pipeline fea-
ture, comparing with the rand() function that performed scalar instruction and was not 
specially designed for pipeline features. 

4   Conclusion 

In this paper, we showed that fast processing of PSO using SFMT on the Cell/B.E.. 
By only applying multi-core processing and SIMD processing technique of Cell/B.E. 
for PSO processing, PSO processing by the Cell/B.E. were from 3 to 7 times faster 
than the general processor, Core 2. Furthermore, by applying SFMT on the Cell/B.E., 
the Cell/B.E. calculated PSO processing faster from approximately 14 to 42 times 
than Core 2 using rand() function. 
 



 Particle Swarm Optimization with SIMD-Oriented Fast Mersenne Twister 1071 

Acknowledgments. This work is partially supported by Kitakyushu Foundation for 
the Advancement of Industry, Science and Technology. 

References 

1. Kennedy, J., Eberhart, R.: Particle Swarm Optimization. In: IEEE the International Confer-
ence on Neural Networks, pp. 1942–1948 (1995) 

2. Clerc, M.: Particle Swarm Optimization. ISTE USA, USA (2006) 
3. Cai, X., Zhang, N., Venayagamoorthy, G.K., Wunsch, D.C.: Time series prediction with 

recurrent neural networks trained by a hybrid PSO–EA algorithm. Neurocomputing 70, 
2342–2353 (2007) 

4. DeJong, K.A.: An analysis of the behavior of a class of genetic adaptive systems. PhD the-
sis, University of Michigan (1975) 

5. Saito, M., Matsumoto, M.: SIMD-oriented Fast Mersenne Twister: a128-bit Pseudorandom 
Number Generator. In: Keller, A., Heinrich, S., Niederreiter, H. (eds.) Monte Carlo and 
Quasi-Monte Carl Methods 2006, pp. 607–622. Springer, Heidelberg (2008) 

6. SIMD-oriented Fast Mersenne Twister (SFMT),  
 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/SFMT/ 
 index-jp.html 

7. Johns, C.R., Brokenshire, D.A.: Introduction to the Cell Broadband Engine Architecture. 
IBM Journal of Research and Development 51, 503–520 (2007) 

 


	Particle Swarm Optimization with SIMD-Oriented Fast Mersenne Twister on the Cell Broadband Engine
	Introduction
	Implementation of Particle Swarm Optimization with SIMD OrientedFast Mersenne Twister on the Cell Broadband Engine
	Particle Swarm Optimization and DeJong’s Benchmark
	SIMD-Oriented Fast Mersenne Twister
	Cell Broadband Engine Processor

	Experimental Results and Discussions
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




