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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 SEFMT 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
x;, p; and v;, 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 p; and p,. p, is the best of all p,. At each step,
the desired optimization fitness function in d variables is evaluated, then, p; and p, are
renewed. The equation of PSO is described as follow,

{vf“ = W +¢0(0.6)® (! —x )+ c,U0.6,) ® (pt —x)

M =x{+ v
Here, gamma = 0.99, C1 = 0.9 and C2 = 0.9 are parameters which govern search
policy of each particle. & is time step. U() is a vector of pseudo random numbers uni-
formly distributed in [0, @]. & 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]. SEMT 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 PLAYSTATIONS3, the one PPE and the six SPEs
of the Cell/B.E. are available. The peak performance of the Cell/B.E. processor of
PLAYSTATIONS 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) CentOSS5 (kernel2.6.18-53.1.4.el5)
Compiler GCC 4.1.1 for Cell B.E (-03) 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
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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
Core?2.

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

Core 2-SFMT/

Cell-SEMT
Core 2-rand/
Cell-rand

41.4 42.0 29.1 335 13.9

13.9 15.0 13.7 12.1 12.0

3.0 33 35 33 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 row?2). 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.
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