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Introduction

» Particle Swarm Optimization(PSO)
> Proposed by James Kennedy & Russell Eberhart in 1995
o Inspired by social behavior of birds and fishes

o Combines self-experience with social experience
> Population-based optimization
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Concept

» Uses a number of particles that constitute a swarm
moving around in the search space looking for the best
solution.

» Each particle in search space adjusts its “flying”
according to its own flying experience as well as the
flying experience of other particles
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Optimization problem
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Particle Swarm Optimization

» Swarm: a set of particles (N)
» Particle: a potential solution
° Position: x. =(x',x7,..,x")
° Velocity: \' =(vj,vl.2,...,vl.’")
» Each particle maintains
o Individual best position (PBest)

» Swarm maintains its global best (GBest)




PSO Algorithm

» Basic algorithm of PSO
. Imtialize the swarm form the solution space

2.
3.
4,
5.

Evaluate the fitness of each particle

Update individual and global bests

Update velocity and position of each particle

Go to step2, and repeat until termination condition
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Initialization
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Initialization
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Evaluation
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Update Gbest,Pbest
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Velocity calculation
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Velocity calculation...
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» Acceleration constant.
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inertia factor

» inertia factor (w) is decreasing linearly from
0.9t0 0.2

Wmax — Wmin
w(t) = Wy gy - X t




Velocity calculation...
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Position updating
Condyo (Slw)jg, 4 )
g0 eSSyl 513 5 (055 25 (slimn 2 0,8 5 Cnalga calind yo 0
Wb T by yol 0,5 A any s Xid(t) S

D9 (oo (Slwyigy 4 ey b ol ze b0)d Caadge

Xid(t-l-l) =Xid(t)+vid(t+1)




Stopping criteria
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Particle’s velocity:

vit™h = v{ + aUi(pb/ —p/)+ 2U;(gb’ —Pp/)

/

inertia personal influence social influence
T (o gl *  Makes the particle move in the same
/ direction and with the same velocity

Improves the individual

Makes the particle return to a previous
position, better than the current

¢ Conservative

=]

Makes the particle follow the best
neighbors direction
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© Diversification S (= Exploration): searches new solutions,

finds the regions with potentially the best solutions

® Intensification ,s o ,& (= Exploitation): explores the previous

solutions, finds the best solution of a given region.

® In PSO:

v;tH =v; + U{(pb; — Pft) T (2U2t(gb]f - pft)
N —— e

Diversification Intensification




PSO Algorithm

» Particle’s velocity

v.(k +1) = Inertia + cognitive + social

social

cognitive




k+1




PSO solution update in 2D

GBest

® PBest - @ X(k) - Current solution (4, 2)

& @ PBest - Particle’s best solution (9, 1)
® GBest-Global best solution (5, 10)




PSO solution update in 2D

¢ Inertia: v(k)=(-2, 2)
GBest

‘u' | | PRest _ @ X(k) - Current solution (4, 2)

&® @® PBest - Particle’s best solution (9, 1)
® (GBest-Global best solution (5, 10)




PSO solution update in 2D

Inertia: v(k)=(-2,2)

Cognitive:
PBest-x(k)=(9,1)-(4,2)=(5,-1)
Social:
GBest-x(k)=(5,10)-(4,2)=(1,8)

x(k) - Current solution (4, 2)
PBest - Particle’s best solution (9, 1)
GBest-Global best solution (5, 10)



PSO solution update in 2D

» Inertia: v(k)=(-2,2)

o~ » Cognitive:
[ PBest-x(k)=(9,1)-(4,2)=(5,-1)
/ GBeSt_ > Social:

i | GBest-x(k)=(5,10)-(4,2)=(1,3)

v(k+1)=(-2,2)+0.8%(5,-1)
+0.2%(1,8) = (2.2,2.8)

@ X(k) - Current solution (4, 2)
@® PBest - Particle’s best solution (9, 1)
® GBest-Global best solution (5, 10)




PSO solution update in 2D

L 1 1 1 i b | » Inertia: v(k)=(-2,2)

o » Cognitive:

’ PBest-x(k)=(9,1)-(4,2)=(5,-1)

» Social:
GBest-x(k)=(5,10)-(4,2)=(1,8)

> v(k+1)=(2.2,2.8)

x(k+ D=x(k)+v(k+1)=
(4,2)+(2.2,2.8)=(6.2,4.8)

@ X(k) - Current solution (4, 2)
@® PBest - Particle’s best solution (9, 1)
® GBest-Global best solution (5, 10)




Example

» Find the minimum of this function

f(x)=3x] —2x,x, +3x> —x, — X,




Example
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Animated illustration

Maurice.Clerc@WriteMe.com 2002-04-24



Initialization. Positions anc
velocities
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Some functions ...
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... and solneEN eSS

Optimum=0, ¢
Best result 3

003944

30D function PSO Type 1" | Evolutionary
algo.(Angeline 98)
0.4033
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BPSO
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Population in BPSO
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Evaluation
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Update Gbest,Pbest
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BPSO: Velocity calculation
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BPSO
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BPSO
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if rand < SOV (t +1)) then
xX(t+1)=1
else xl-d(t +1)=0
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New BPSO

New Function

14
08}

06}

s'(v)

04}
02}
0t

-6 -4 -2 0 2 Kl 6

if rand() < S'(v;(t+1)) then x,(t+1)=exchangelx,;(r))
else  x,;(t+1)=x,,()
H. Nezamabadi-pour, M. Rostami-shahrbabaki, M.M. Farsangi, “Binary Particle Swarm

Optimization: challenges and New Solutions”, The
quiputer Society of Iran (CSI) On Computer Science and Engineering (JCSE), vol.




