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Abstract—A particle swarm optimization (PSO) sys- best value of the evaluation function on th#h iteration in
tem is one of the powerful systems for solving global opthe swarm.
timization problems. The PSO algorithm can search an The particles in the swarm fly through th&l-
optimal value of a given evaluation function quickly com-dimensional space according with Egs. (1) and (2). Each
pared with other proposed meta-heuristics algorithms. Thearticle shares information of a current optimal value of
conventional PSO system contains some random factothe evaluation function and its corresponding location of
therefore, the dynamics of the system can be regarded thg best particle. Also, each particle memorizes its record
stochastic dynamics. In order to analyze the dynamics rigf the best evaluation value and its best location. On the ba-
orously, some papers pay attention to deterministic PS€ks of such information, the moving direction and velocity
systems which does not contain any stochastic factors. Aare calculated by Eq. (1). Namely, all particles will move
cording to these results, the eigenvalues of the system inoward a coordinate that gives the current best value of the
pinge on the dynamics of the particles. Depending on thevaluation function.
parameter, the searching ability of the deterministic PSO is In such PSO system, the parameters play very important
decreased. In order to overcome this, we propose a cana@bfe to the searching ability. Therefore, many researchers
ical deterministic PSO which can control its eigenvaluestudy about adequate parameters selecting[7]. The search-
easily, and can improve the searching ability. We will coning ability of such PSO depends on the inertia weight co-
firm relation between the eigenvalues and the searchirgficient, and the acceleration dfeients. Since the ac-
ability of the optimal value from some numerical experi-celeration cofficients are multiplied by a random number,

ments. the system can be regarded as a stochastic system. The
rigorous analysis of such stochastic system fBdalilt. In
1. Introduction order to analyze the dynamics of such PSO, M. Clerc, and

J. Kennedy proposed a simple deterministic PSO system,

Searching for an optimal value of a given evaluatiorand analyzed its dynamics theoretically[8]. The simple de-
function of various problems is very important in engi-terministic PSO system does not contain stochastic factors,
neering fields. In order to solve such optimization probnamely, the random céiécients have been omitted from the
lems speedily, various heuristic optimization algorithmsriginal PSO system. The analysis of such a deterministic
have been proposed. Particle swarm optimization (PSCRSO is very important for determining thextive param-
which was originally proposed by J. Kennedy and R. Ebekters of the standard PSO[8]-[9]. We proposed a determin-
hart [1],[2], is one such heuristic algorithm. The PSO algoistic PSO and analyzed the searching ability of the optimal
rithm is a useful tool for optimization problems[3]-[6]. value of the given benchmark functions[10]. According to

The original PSO is described as the results, the dynamics depends on the eigenvalues of the
system[10]. The eigenvalues depend on the inertia weight
codficient, and the acceleration dbeients. In order to
control the eigenvalues simply, we propose a canonical de-
terministic PSO.

V= w + carg(pbest — X)) + cora(gbest - x) - (1)
t+1 _ 1
=+t (2)
wherew > 0 is an inertia weight cd&cient,c; > 0, and
c; > 0 are acceleration céiients, andr; € [0,1], and . .
ro € [0,1] are two separately generated uniformly dis—z' Canonical deterministic PSO
tributed random numbers in the range 1D th e RN
denotes the location of thgth particle on thet-th iter-
ation in theN-dimensional space, and ¢ RN denotes

The simplicity acceleration céigécients of the determin-
istic PSO system can be described as

a velocity vector of thej-th pa_rticle on t_het-th iteration. ptj _ ypbest +(1-y)gbest A3)
pbes’g € RN means the location that gives the best value

of the evaluation function of thgth particle on the-th it- c1

eration. gbest € RN means the location which gives the Y= CL+ Gy (4)

- 193 -



4 i i
L ~ ’“/d\\ - .“\\“U
) C C ENN ] b
-6 -4\\-2 w /I ] i 1) \J -1p0 75 E U - H 1A W 7 100
\7\_,/4 ] \‘
N T3,
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Figure 1: The trajectory of the deterministic PSO in the phase space

wherep‘j can be regarded as a desired fixed point. Based on the eigenvaluewhich is expressed in Eq. (6),
The parametey controls the mixture rate of the local we can calculate a translation matRx By using this trans-
best and the global best. lation matrix P, we derive the following matrix.
Since each dimension variable of the particle is indepen-
dent, we can consider one dimensional case without loss of [ 0 -w ] = Pl[ wo -c p 9)
generality. Therefore, we consider one dimensional system w 0 w l-c

hereafter. For one dimensional deterministic PSO can Rghere,
transformed into the following matrix form:

2 1 0
[;t‘ji]:[w - Hm 5) P‘\/m[ws—l W]

w 1-c

Here, we consider the following corrdinate transforma-

wherey‘j = x‘j - p‘j andc = ¢; + Cy. tion. 3
Note that this system does not contain stochastic factors, [ Ytj } _ P—l[ Vt, (10)
therefore, this system can be regarded as a deterministic Ytj Yt,
system. By using this coordinate transformation of Eq. (10), we can
The dynamics of the deterministic PSO is governed byerive the following canonical form:
the eigenvalues of the matrix in Eq. (5). The eigenvalue ot "
e e -
Is given as i | 6 -w i
ORI o
l1-c+w +(@d-c+w)?2-4w
d=—7bF = ( 5 ) : (6) whereyt = % - .

The new coordinatey(V) can be regarded as a normal-
If the eigenvaluel is complex conjugate number, the sys-zed coordinate. Each dimension componer andy is
tem exhibits remarkable searching ability. Since the systeindependent, therefore The behavior of the system is gov-
is discrete-time system, the damping factoand the rota- erned by the eigenvalues of the canonical form of Eq. (11).
tion angleg on each iteration can be derived by its complex he eigenvalues of the system is derived as
eigenvalues as

A= VW Ko A=6+jw (12)
The system of (11) is a discrete-time system. For the
0 = arctan Vaw - (1 - c+w)? ®) system to become stable, the eigenvalues must exist within
l-c+w the unit circle on the complex plane. Therefore, the system

The trajectory in the phase space exhibits spiral motioiﬁ said to be stable if and only if the following condition is
atisfied.

as shown in Fig. 1 whose desired fixed point is the origin ig PR
assumed. In the cases of Fig. 1(c), the range of the variable e <l (13)

X becomes wide, and the system can not search around théhe parameters satisfy above condition, the eigenvalues
origin. exist within the unit circle. The particle converges to a fixed
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point p;. In generally, the fixed poing; is varied with time
steps. Therefore, the trajectory exhibits a complex motion

The damping factoa is derived as 120.00 ey
100.00 Fox0X

W ﬂ“f\,’”\w!x -
A= m (14) 80.00 V 7 \ /

60.00

Note that if the parameters satisfy the condition (13), the 4000

damping facton satisfy the following. 2323

N N N N R R R
Al <1 (15) I N N R A s

Rastrigin function (Canonical DPSO)

error

rotation angle [deg]

The rotational anglé on each iteration is given as
(a) Rastrigin function

w
0= arCtang (16) Rosenbrock function (Canonical DPSO)
By using the damping factor and the rotation angle, Eq. 600.00
(11) can be transformed into the following. 500.00 095
400.00 e A=0.90
Vil cos® —sing || W £ 30000 - A=0.70
y‘J.+l ]: A[ sing  cosd H yt] ] (7 20000 A
J J - A=0.30
100.00 -
The trajectory of the canonical deterministic PSO as 0.00 P
shown in Fig. 2 whose desired fixed point is the origin is
assumed. Comparing the case of Fig. 1(c), the trajectory rotation angle [deg]
of Fig. 2_(c) (_joes not expand. Wg think this propgrty gives (b) Rosenbrock function
an dfective influence for searching. In the following sec-
tion, we confirm this fact by some numerical experiments
by using some benchmark functions. Figure 3: Canonical Deterministic PSO: The rotation an-
gle - mean error characteristic (dimension:10, particles:10,

3. Simulation trials:10)

In this section, we investigate the relation between th% ical simulati hen the d ing f
eigenvalues and the searching ability, we carry out sont@® numerical simulation, when the damping factor sets as

numerical simulations. We use two well-known bench® = 0.95, the canonical deterministic PSO exhibits the
mark problems. Each objective function consists of 1gMOSt éfective performance.

dimensional variables. For each simulation, the population '€ result of the deterministic PSO is shown in Fig. 4 to
size of the swarm is 10. compare with the result of the canonical deterministic PSO.

The parametey controls the mixture rate between theln the case of the deterministic PSO, the declir_1e of the per-
local best and the global besy = 1.0 denotes that the formance is opservc_ad around the 180 degreg in the rotat_|on
system uses only the local best information, ane 0.0 fan_gle comparing with the case of the canonical determ_ln—
means that it uses only the global best information, Thi§ti¢ PSO. Therefore, we can say the proposed canonical

previous simulation results indicate the information of th&@€terministic PSO exhibits better performance.
global best is important[11]. We apply = 0.0 for the
numerical simulation hereafter. 4. Conclusions

We confirm the relation between the rotation angle and
the convergence property. First, we observe the conver-In this article, we analyzed the convergence performance
gence property when the rotation anglés varied from Of the canonical deterministic PSO system. The canonical
0-degree to 180-degree in a period 10-degree. The simuRgterministic PSO system does not contain the stochastic
tion results are shown in Fig. 3 The vertical axis denotes tHactor. We confirm the relation between the eigenvalue and
mean error from the optimal value with the searched valu#)e convergence property by using the damping factor and
the horizontal axis denotes the rotation arggl€ach curve the rotation angles. The results suggest these parameters
Corresponds to each dampmg factar= 0.95, 090, 070, have the optimal value. On the basis of this result, we will
0.50, 030. Each data is the average of the experimentg§Pnstruct an gective stochastic PSO system.
results with ten trials.

These results indicate that the characteristic of the con- References
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