Proceedings of International Joint Conference on Neural Networks, Atlanta, Georgia, USA, June 14-19, 2009

Network-Structured Particle Swarm Optimizer
Considering Neighborhood Relationships

Haruna Matsushita and Yoshifumi Nishio

Abstract— This study proposes a new Network-Structured
Particle Swarm Optimizer considering neighborhood relation-
ships (NS-PSO). All particles of NS-PSO are connected to adja-
cent particles by a neighborhood relation of the 2-dimensional
network. The directly connected particles share the information
of their own best position. Each particle is updated depending
on the neighborhood distance on the network between it and
a winner, whose function value is best among all particles.
Simulation results show the searching efficiency of NS-PSO.

I. INTRODUCTION

ARTICLE SWARM OPTIMIZATION (PSO) [1] is an

evolutionary algorithm to simulate the movement of
flocks of birds. Due to the simple concept, easy imple-
mentation, and quick convergence, PSO has attracted much
attention and is used to wide applications in different fields
in recent years. However, PSO greatly depends on its param-
eters and converges prematurely in case of solving complex
problems which have local optima.

Furthermore, in the standard PSO algorithm, there are no
special relationships between particles. Each particle position
is updated according to its personal best position and the
best particle position among the all particles. Then, which
position is more important for each particle is determined
at random in every generation. On the other side, in the
real world, various personal relationships exist, such as the
hierarchical relationship, the trust relationships, the parents-
child relationship and so on.

Various topological neighborhoods have been considered
by researches [2]-[5]. They have applied ring neighborhood,
the von Neumann neighborhood, or some other topologi-
cal neighborhoods. However, the parameters are increased
by using fourth term for considering the neighboring best
position when updating the velocity. Moreover, if there are
no connections in respective particles, the computation costs
are increased because we have to search each particle’s
neighborhood by using particle position or its cost with a
neighborhood radius in every generation.

In this study, we propose a new PSO algorithm with topo-
logical neighborhoods; Network-Structured Particle Swarm
Optimizer considering neighborhood relationships (NS-
PSO). All particles of NS-PSO are connected to adjacent
particles by a neighborhood relation, which dictates the
topology of the 2-dimensional network. The connected parti-
cles, namely neighboring particles on the network, share the
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information of their own best position. In every generation,
we find a winner particle, whose function value is the best
among all particles, and each particle is updated depending
on the neighborhood distance between it and the winner on
the network.

Simulation results and comparisons with the standard PSO
show that the proposed NS-PSO can effectively enhance
the searching efficiency by measuring in terms of accuracy,
robustness and parameter-dependence.

II. STANDARD PARTICLE SWARM OPTIMIZATION (PSO)

PSO is an evolutionary algorithm to simulate the move-
ment of flocks of birds. In the algorithm of PSO, multiple
solutions called “particles” coexist. At each time step, the
particle flies towards its own past best position and the best
position among all particles. Each particle has two infor-
mation; position and velocity. The position vector of each
particle 7 and its velocity vector are represented by X,; =
(®i1,- -, Tid, - ,xip) and Vi = (vi1, -+ ,Vid, - ,ViD),
respectively, where (d = 1,2,--- D), (¢ =1,2,--- , M) and
Tid € [xmin;xmax]-

(PSO1) (Initialization) Let a generation step ¢ = 0. Ran-
domly initialize the particle position X; and its velocity V';
for each particle 4, and initialize P; = (pi1,pi2, " ,PiD)
with a copy of X ;. Evaluate the objective function f(X;)
for each particle 7 and find P, with the best function value
among the all particles.

(PSO2) Evaluate the fitness f(X;). For each particle i, if
f(X;) < f(P;), the personal best position (called pbest)
P; = X;. Let P, represents the best position with the best
fitness among all particles so far (called gbest). Update P,
if needed.

(PSO3) Update V; and X; of each particle ¢ depending on
its pbest and gbest according to

vig(t + 1) = wviq(t) + cirand(-) (pig — xia(t))
+ coRand(") (pg — wia(t)), (1)

xid(t + 1) = arq;d(t) + Uid(t + 1),

where w is the inertia weight determining how much of
the previous velocity of the particle is preserved. c¢; and
c2 are two positive acceleration coefficients, generally ¢; =
¢o. rand(+) and Rand(-) are two uniform random numbers
samples from U(0, 1).

(PSO4) Let t =t + 1 and go back to (PSO2).
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Fig. 1. Network-structure and neighborhood relationships. 1-neighborhood
of the particle 12 is Neighborhood A containing the particle 7, 11, 12, 13
and 17. 1-neighborhood of the particle 14 is Neighborhood B containing
the particle 9, 13, 14, 15 and 19. If f(P;3) is the smallest value among
Neighborhood A, then Ibest of the particle 12 is Lia = P13. If f(P14)
is the smallest value among Neighborhood B, then lbest of the particle 14
is L1y = P14.

III. NETWORK-STRUCTURED PARTICLE SWARM
OPTIMIZER CONSIDERING NEIGHBORHOOD
RELATIONSHIPS (NS-PSO)

The algorithm of NS-PSO is almost same as the standard
PSO. The most important feature of NS-PSO is that all
particles are organized on a rectangular 2-dimensional grid as
Fig. 1. In other words, the particles are connected to adjacent
particles by the neighborhood relation, which dictates the
topology of the network. Furthermore, the particles share
the local best position between the neighborhood particles di-
rectly connected. We should note the mean of neighborhood.
In some research, the neighboring particles were defined as
the particle with similar cost values or as the particles whose
position are close to each other. However, in this study, the
particles, which are directly connected on the network, are
defined as neighborhood even if their positions or their costs
are far.

(NS-PSO1) (Initialization) Let a generation step ¢ = 0 and
initialize particle informationton according to (PSO1). Define
g as the winner c¢. Find L; = (I;1,1l;2,- -+ ,l;p) with the
best function value among the directly connected particles,
namely own neighbors.

(NS-PSO2) Evaluate the fitness f(X;) and find a winner
particle ¢ with the best fitness among the all particles at
current time t;

¢ =argmin{f (Xi(t))}. )

For each particle ¢, if f(X;) < f(P;), the personal best
position pbest P; = X ;.

If f(X.) < f(P,), update ghest P, = X ., where X, =
(Te1,Tea, -+ ,Zep) is the position of the winner c.
(NS-PSO3) Find each local best position (called lbest) L;
among the particle 7 and its neighborhoods which are directly
connected with ¢ on the network as Fig. 1. For each particle
i, if f(P;) < f(L;), update lbest L; = P;.

(NS-PSO4) Update V; and X; of each particle ¢ depending
on its [best, position of the winner X . and the distance on

the network between ¢ and the winner ¢, according to
via(t + 1) = wviq(t) + crrand(:) (lig — xiq(t))
+ Cth,i (xcd - x’bd(t)) ) (3)

Tig(t +1) = zia(t) +via(t + 1),
where h, ; is the fixed neighborhood function defined by

L 2
hei = exp (—w) : )
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where ||7; — r.|| is the distance between network nodes ¢
and 7 on the network, the fixed parameter o corresponds to
the width of the neighborhood function. Therefore, the large
o strengthens particles’ spreading force to the whole space,
and the small o strengthens their convergent force toward
the winner.

(NS-PSOS5) Let t =t + 1 and go back to (NS-PSO2).

IV. EXPERIMENTAL RESULTS

In order to evaluate the performance of NS-PSO, we
use eight benchmark optimization problems summarized in
Table I. The optimum solution z* of Rosenbrock’s function
f2 is [1,1,...,1], and z* of the other functions are all
[0,0,...,0]. The optimum function values f(z*) of all
functions are 0. fi, fo, f3 and f4 are unimodal functions
shown in Figs. 2(a)-(d), and f5, fs, f7 and fg are multi-
modal functions shown in Figs. 2(e)—(h) with numerous local
minima. Griewank’s function with full definition range as
Fig. 2(h) looks similar to Sphere function as Fig. 2(a) which
is the unimodal. However, in the inner area as Fig. 2(i), there
are a lot of small peaks and valleys. All the functions have D
variables. In this study, D is set to 50 and 100 to investigate
the performances in various dimensions.

The population size M is set to 36 in PSO, and the
network size is 6 x 6 in NS-PSO. For PSO and NS-PSO,
the parameters are set as w = 0.7 and ¢; = co = 1.6. The
neighborhood radius ¢ of NS-PSO for fs with D = 100 are
3, while they are all 1.5 for fg with D = 50 and the other
functions with both dimensions. Because Ackley’s function
fe with D = 100 is difficult to optimize, the particles of
NS-PSO need much information of the neighbors.

We carry out the simulations repeated 30 times for all
the optimization functions with 3000 generations. The per-
formances with the minimum and mean function values and
the standard deviation over 30 independent runs on eight
functions with 50 and 100 dimensions are listed in Tables II
and III, respectively. We can see that NS-PSO can obtain the
better mean values for all the test functions. In particular,
NS-PSO greatly improves the performance from PSO on
f1, f3, fa and fg with D = 50 and on f1, f3, f4 and fg
with D = 100. Furthermore, NS-PSO can achieve the better
minimum values 7 times on both dimensions. From these
results, we can say that NS-PSO algorithm can obtain the
better results for the test functions with both D = 50 and
100.

Figure 3 shows the mean gbest value of every generation
over 30 runs for eight test functions with 100 dimensions.
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TABLE I

EIGHT TEST FUNCTIONS.

Function name

Test Function

Initialization Space

Sphere function;

Rosenbrock’s function;

3d De Jong’s function;

4*h De Jong’s function;

Rastrigin’s function;

Ackley’s function;

Stretched V sine wave function;

Griewank’s function;
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TABLE II TABLE III
COMPARISON RESULTS OF PSO AND NS-PSO ON 8 TEST FUNCTIONS COMPARISON RESULTS OF PSO AND NS-PSO ON 8 TEST FUNCTIONS
WITH D = 50. WITH D = 100.
f | Method | Mean  Minimum Sud f | Method | Mean  Minimum sud
PSO 2.31e-18 1.25e-25 1.26e-17 PSO 6.66e-04  9.02e-07 1.04e-03
f NS-PSO | 8.34e-26  2.16e-30  2.74e-25 h NS-PSO | 2.24e-05  3.12e-08  7.95¢-05
PSO 55.88 16.33 27.55 PSO 179.64 88.90 46.02
F NS-PSO 41.60 37.22 9.63 f2 NS-PSO 103.01 92.44 20.04
PSO 1.70e-06 1.15e-09  6.81e-06 PSO 0.5293 3.91e-03 0.8531
fs NS-PSO | 1.59e-07  3.16e-12  7.46e-07 fs NS-PSO 0.0610 3.26e-03 0.4721
PSO 9.83e-36 1.34e-41  4.15e-35 PSO 1.42e-07  7.26e-12  7.53e-07
f1 NS-PSO | 3.27e-42  9.94e-48 1.13e-41 fa NS-PSO | 3.47e-10  1.00e-14  1.65e-09
PSO 149.71 99.50 34.84 PSO 398.75 303.46 54.51
P NS-PSO 87.69 54.72 21.91 fs NS-PSO 211.30 150.24 36.70
PSO 235.98 123.85 59.03 PSO 783.73 564.46 95.70
fo NS-PSO 180.79 10.32 239.37 fo NS-PSO 360.09 126.44 196.00
PSO 69.88 49.71 9.51 PSO 195.75 174.56 12.89
I NS-PSO 37.08 17.72 791 I NS-PSO 141.39 106.25 20.66
PSO 9.10e-02 0 0.2788 PSO 0.2660 2.56e-04 0.3684
fs NS-PSO | 2.61e-02 0 4.11e-02 fs NS-PSO 0.1516 6.50e-06 0.2791

The convergence rate of NS-PSO is almost same or slower
than the standard PSO. In the standard PSO, the particles
move toward gbest or toward pbest, however, the direction,

which more particles move toward, is decided at random
on every generation. On the other hand, the neighborhood
gaussian function is used in NS-PSO, then, the particles
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Fig. 2. Eight test functions with two variables. First and second variables are on the x-axis and y-axis, respectively, and z-axis shows its function value.
(a) Sphere function. (b) Rosenbrock’s function. (c) 3rd pe Jong’s function. (d) 4th De Jong’s function. (e) Rastrigin’s function. (f) Ackley’s function.
(g) Stretched V sine wave function. (h) Griewank’s function with full definition range. (i) Inner area of Griewank’s function from -20 to 20.

move according to the neighborhood distance between the
winner and them. The winner’s neighborhood particles move
toward the winner, so that they spread to whole space. For
the particles which are not 1-neighbors of the winner but are
connected near the winner, the gravitation toward the winner

the particles.

is strong. The other particles fly toward their lbest. In other

words, the roles of the NS-PSO particles are determined by
the connection relationship, and they produce the diversity of
the particles. These effects avert the premature convergence,
and the particles of NS-PSO can easily escape from the local

optima.

Next, we consider the robustness of both algorithms by
measuring by the standard deviation of all simulations. From
the standard deviations in Tables II and III, the standard PSO
and NS-PSO obtain the smaller values 2 and 6 times on both
dimensions, respectively. Therefore, NS-PSO appears to be
more robust than the standard PSO. The particle’s velocity

V. PARAMETER DEPENDENCE

and its position of NS-PSO is updated by according to the
connection relationship although the standard PSO is updated
at completely random. Therefore, NS-PSO can achieve the
stable better performance unaffected by the initial states of

Furthermore, we investigate the effect of the parameters;
the inertia weight w and the acceleration coefficients ¢; and
ca, on performance quality and their sensitivity.

Figure 4 shows the mean fitness value of gbest with

different w over 30 runs for all the test functions with 100
dimensions. The fixed parameters are same as above simula-
tions. We can see that NS-PSO achieve better performances
than the standard PSO even if the inertia weight w is varied.
If we decrease or increase w by just 0.1, the performance
of the standard PSO becomes drastically worse as especially
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Mean gbest value of every generation for 100-dimensional eight functions. (a) Sphere function. (b) Rosenbrock’s function. (c) 3rd pDe Jong’s

function. (d) 4t De Jong’s function. (e) Rastrigin’s function. (f) Ackley’s function. (g) Stretched V sine wave function. (h) Griewank’s function.

Figs. 4(a)-(d), (g) and (h). Oh the other hand, NS-PSO is
more effective and robust than the standard PSO if the inertia
weight w is set as a small value (w € [0.1,0.6]) [6] as
especially multimodal functions shown in Figs. 4(e)—(h).

Figure 5 shows the mean fitness value of gbest with
different ¢q(= ¢2) over 30 runs for all the test functions
with 100 dimensions. We should note that for f3 and fg,
the minimum gbest value of the standard PSO among all
the ¢1(= c¢2) is smaller than NS-PSO as Figs. 5(c) and (g).
However, the standard PSO is extremely sensitive to small
changes in ¢1(= c¢2) whereas the performances of NS-

PSO are stable. For other functions, NS-PSO can obtain
better results than PSO even if the acceleration coefficients
¢1(= ¢2) are varied. From these results, we can say that NS-
PSO is more effective and its parametrical dependence is not
stronger than the standard PSO.

VI. CONCLUSIONS

This study has proposed a new Particle Swarm Opti-
mization (PSO) with topological neighborhoods; Network-
Structured Particle Swarm Optimizer considering neighbor-
hood relationships. All particles of NS-PSO are connected
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Fig. 4. Mean gbest value with different w for 100-dimensional eight functions. Fixed parameters; ¢; = c2 = 1.6. ¢ = 3 for Ackley’s function fg and
1.5 for other all functions. (a) Sphere function. (b) Rosenbrock’s function. (c) 3rd De Jong’s function. (d) 4th De Jong’s function. (e) Rastrigin’s function.
(f) Ackley’s function. (g) Stretched V sine wave function. (h) Griewank’s function.

to adjacent particles by neighborhood relation of the 2-
dimensional network. The directly connected particles share
the information of their own best position. Each particle
is updated depending on the neighborhood distance on the
network between it and a winner, whose function value
is the best among all particles. In the simulation results,
we have confirmed the accuracy, robustness and parameter-
dependence of PSO and NS-PSO, and it is clear that the
overall performance of NS-PSO is much efficient and robust.

In the feature works, we should investigate the behaviors

of NS-PSO with various network topologies and its relevance
between network structure and performance in detail.
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