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Swarm

Loosely structured collection of
interacting agents

Agents contribute to and benefit
from their group

Eg swarm of bees ant colony
flock of birds human crowds cells q
molecules

swarm Intelligence
No centralised control structures

PARTICLE SWARM OPTIMISATION

Population based stochastic optimisation
technique

Potential solutions particles in the

problem space

Particles fly through the problem
space by following current optimum
particles
Each particle searches for optimal
solution © vibhas notes 2021






























































































































Each particle has velocity
Each particle remembers its personal
best position most optimal solution it
has visited so far

swarm keeps track of overall best
solution

components of PSO

Each particle internal state neighbours
Let the position of particle i at time
t be Ni Ct

the position of particle i at time ttl
is
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Hi Ltt 1 Ki t Vi ttl

7 o UCxmin x Max

T uniform random

velocity at timestep ttl influenced
by
1 inertia previous velocity
2 pbest personal best position
3 best local best best position
found by itself and its social
neighbours

when entire system taken asneighbourhoodgbest or global best taken

TOPOLOGIES

Topology defines social neighbourhood
of each particle

Global Best PSO

star topology

all particles communicate with all
others
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flaw local minimum less diversity

advantage converges fast

2 Local Best PSO

eg ring topology every particleconnected to 2 neighbours

advantage not easily trapped in local
minima more diversity
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GLOBAL BEST PSO

Population of particles with random
positions and velocities

Evaluate fitness function for each
particle

compare with pbest and gbest and
update accordingly

Assume D dimensional space

Position X

X i Chin Rin ship

velocity V

Vi Vi Vin Vip
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personal best

Pi Pil Piz Pip

Global best

Pg Pg Pgz Pgp

Updating Position

fogiotimgonente y
dimponent a

Pgt
t

Vip
pgt Xit

Pit xit pit

Iit

in
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C E c acceleration coefficients

rand Grand uniformly 0,13 dist
random numbers
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Exploratory vs Exploitative Behaviour

Exploration explore diff regions ofsearch space to find optimum

Exploitation concentrate search around
promising area

Pso parameters and algorithm should
be chosen to balance explorationand exploitation
Avoid premature convergence
1 velocity clamping
2 Inertia weight
3 Constriction factor

i velocity clamping
if Vit 7 Vmax Vit Vmax

if Vit L Vmax Vit Vmax

small Vmax encourages exploitation
local

Large Vmax encourages exploration
global
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Vmax must balance between
exploration and exploitation

Usually Vmax chosen to be fraction
of domain of each dimension of the
search space

Vmax 8C Xmax Amin

S E CO I

velocity clamping changes direction
of velocity

without
clamping

1
with
clamping

Problem all velocities may eventually
equal Uma and particles search only
boundries of hypercube © vibhas notes 2021



solutions

1 change Vmax when gbest does not
change for u iterations

2 Exponentially decay Vmax

3 Introduce inertia weight
4 constriction factor

2 Inertia Weight w

controls momentum of particle

If w I velocities increase over time
and swarm diverges
particles fail to change direction

If we 1 reocities decrease and
reach O

negative
Dynamic w f value

W Wma t Wmin Wmax liter 1
itermax I
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w and acceleration coefficients

W 7 Ice z I

Typically C 2 2.0

3 Constriction coefficient Y
velocities constricted by Y

where y is given by

and y is 424
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COGNITION ONLY MODEL

Cz 0

Excludes social component

Vitt wait t c rand pit Xit

SOCIAL ONLY MODEL

C O

Excludes cognitive component

Vitt's writ carand Pgt Xt
Faster than fully cognitive models
for dynamic environments
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Q Minimise flu y x2ty2
St constraints LENE 1

I Ey I

Assume 5 particles
Let W inertia 0.3

Let C 2 2

Assume Pio pg 10000 large no

Initialisation

choose Pi Ul 1,1 for 5 particles in
2 dimensions

P 11,1 V 0,07

Pz L 1,1 V2 CO O

Pz CO 5 0.5 V3 Lo 0

Py 1 1 V4 0,0

Pj 0.25 0.25 V5 0,0
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Fitness value fix y atty
Run 1

O O

Global best value 0 125

Fpgtions 0.257

Let r 82 0.5

Local best of P lil

Y WV t c r P X car Pg Xi
0.3 10,07 2 0.5 0,0 2 0.5 1 0.25 1 0.25

v C 0.75 O 75

P Cl 1 t C 0.25 0 75
© vibhas notes 2021



P CO 25 0.25 new PB

f P 0.125

and so on

Applications

1 Transportation planning
2 Neural networks
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