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N
Particle Swarm Optimization

* Particle Swarm Optimization (PSO) is a nature-inspired evolutionary and stochastic
optimization technique to solve computationally hard optimization problems.

* PSQ is a robust stochastic optimization technique based on the movement and
intelligence of swarms.

* It was developed in 1995 by James Kennedy and Russ Eberhart.

« It has been applied successfully to a wide variety of search and optimization problems.
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So in our course Selected Topics in Decision Modeling we are in our 38th lecture that is
on Particle Swarm Optimization technique. Now, particle swarm optimization is a
nature-inspired evolutionary and stochastic optimization technique to solve

computationally hard or difficult optimization problems.

PSO as in short we call particle swarm optimization is a robust method for optimization
based on movement and intelligence of swarms. Now, what is that robust, robust usually
means that means the method works and you know in many different conditions; it really
solves problem in all different situations. It was developed by James Kennedy and Russ
Eberhart in 1995 and has been successfully applied in a wide range of search and

optimization problems.
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N
Particle Swarm Optimization

* PSO has been built by abstracting the working mechanism of natural phenomenon.

» Specifically, it was inspired from the swarms in nature such as swarms of birds, fish,
etc.

* In PSO, a swarm of n particles (individuals) communicate either directly or indirectly
with one another using search directions (gradients).

* The algorithm adopted uses a set of particles flying over a search space to locate a
global optimum.

* During an iteration of PSO, each particle updates its position according to its previous
experience and the experience of its neighbors.
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Now, it really abstracts the working mechanism of swarms, like swarms of birds, fish
etcetera. What really happens in this method we take a set of particles right. So,
supposing we have a solutions space. So, within that solution space, we take several
particles and each particle actually represents a particular solution right. And let us say
each particle is searching for the optimum solution and you know finally therefore when
all the particles finally come to you know certain points around the best possible
solution, then slowly we see that the you know the iteration really trying to reach to the

best possible solutions.

The question is how it actually happens? How it happens that each particle is continually
updating its position according to its previous experience and the experience of its
neighbors. That means, a given particle see that is what the birds and fishes actually do
when they move in swarm, not only each bird is trying to move based on what that
particular bird things is the best direction, but also what the group things as the best
direction. So, it takes you know feedback from both the global best and both the local

best. So, it is a combination of search for the local best and the search for the global best.
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Particle Swarm Optimization

A particle (individual) is composed of Three vectors:
* The x-vector records the current position (location) of the particle in the search space,

* The p-vector (pbest) records the location of the best solution found so far by the
particle, and

* The v-vector contains a gradient (direction) for which particle will travel in if
undisturbed
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Now, there are three vectors. The first each particle is composed of three vectors, the x-
vector, the p-vector and the v-vector. The x-vector records the current position of the
particle in the search space. The p-vector records the location of the best solution found
so far by the particle and the v-vector contains a gradient for which particle will leave
travel if undisturbed; so that means for every particle we have a velocity vector, a
position vector right, and you know the p best that means, the best possible solution. So,
there is a particle position and the best possible solution that this particular particle is

trying to reach you know out of these so that is the also is also recorded.

So, how exactly it happens we shall see through a an example and all these vectors are
continually upgraded. Is it all right? So, the positions, the velocity, the best possible
solutions - the global best and the local best, they are all continually updated. So, see try
to understand suppose this is our solution space and supposing I have my five different

particles see P1,P2,P3, P4 and P 5.

Now, look here. So, each particle is having a velocity and it is trying to move in search of
a certain solutions. So, what are those solutions? One is for each particle, there is a local
best and there is a global best. So, you see this is the global best. The to the global best
every solution is trying to move, but individual particles they are trying to move also to a

set of local best. So, you see these are all local best and these one is the global best. So,



each particle is having a velocity from its current position trying to move to a

combination of the local best and the global best solutions.

So, what happens after sometime, you may find the particles have narrowed their gaps
right, they have narrowed their gaps, and they are very near to the global best solution, is
it all right. So, this is the essential idea of the particle swarm optimization we have a
number of particles which covers the entire solution space; each solution is trying to
move you know in a certain way, so that it tries to reach the global best for the entire
group and the local best for its own. So, that finally, it tries to get to the best possible

solution as you know quickly as possible right.
(Refer Slide Time: 07:03)

S
PSO and GA

* GA has the selection operator, but there are no selection operators in PSO.
* PSO does not implement survival of the fittest strategy.

* Allindividuals are kept as members of the population throughout the operation in
PSO.
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So, PSO and GA, while GA has genetic algorithm has selection operator, PSO does not
have. So, there is no selection operator in PSO. PSO does not implement the survival of
the fittest right there is no selection crossover etcetera. All individuals are kept as
members of the population throughout the operation of the PSO. So, each individual is
available, but obviously, those individuals as they move you know they are actually

going to a new solution that is what is happening in PSO.
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PSO Algorithm
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So, this is the framework or the schema for the PSO algorithm that is we start initialized
swarm with a random position x 0 and a velocity vector v 0. Then for each particle
evaluate fitness, is all right. Then if fitness is better than the gbest then we update the
gbest. If the fitness is better than the pbest, then the pbest is updated that means, you
keep updating the global best and the particle best. So, pbest and gbest they are updated.
And if the terminate it is true, then gbest is output and stop otherwise you know go to the

update velocity you know this is the iteration update velocity.

So, you see how the velocity is updated, you know it is updated by ¢ 1 W into v t. So, W
is intertial weight, which is with regard to its velocity; ¢ 1 is and ¢ 2 they are acceleration
coefficients. So, ¢ 1 into a random number and pbest minus X t, X t is the current position;
and c 2 into another random number and gbest minus x t. So, this is the gap from the
particle best; this is the gap from the global best multiplied by a random number and a

coefficient that is how the velocity is updated.

Now, once the velocity is updated, if you add the current position to that velocity then we
get the new position. So, then we have the next particle. So, basically this is done for
each of the particles. So, each of the five particles if five particles are taken, this is done,
and then after that we see that what is the seen situation and we go for the next iteration
right. So, I hope you understood what is really happening that in the solution space, we

initially find a certain number of particles. Suppose, you know number of particle should



be quite large for small problem you may take only few particles. For a small problem,
let us suppose we have taken five particles then for each particle we keep calculating the
velocity as initially we have to do all those initialization. And after that we have to check
against the fitness, and g best and p best values, and then update velocity by these kind of

formula and keep iterating.
(Refer Slide Time: 10:46)
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Algorithm Implementation

* The basic concept of PSO lies in accelerating each particle toward the best position
found by it so far (pbest) and the global best position (ghest) obtained so far by any
particle, with a random weighted acceleration at each time step.

* This is done by simply adding the v-vector to the x-vector to get another x-vector
(X=X +V)).

* Once the particle computes the new X; it then evaluates its new location.
If x-fitness is better than p-fitness, then pbest = X; and p-fitness = x-fitness.
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Now, the basic concept of PSO lies in accelerating each particles towards the best
position found by it so far that is pbest and the global best position obtained so far by any
particle with random weighted acceleration at each state right. And this is done by simply
adding the v-vector and x-vector to get another x-vector right. Once the particle
computes the new X i it is then evaluates the new location and the p best and the g best

and p-fitness and all that.
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So, I think an example will be very clear for you. So, look here this is an interesting

diagram. So, this is the particles current position. So, see look here. So, this is the
particles current position. So, one particles current position is this. Now, this is the best

possible obtained so far and this is the global best solution obtained so far.

So, the particle has got three components of movement one is towards its velocity
direction; another is towards the pbest; another is towards the gbest right. So, the gap of
this position from pbest and gbest multiplied by some random numbers and two
coefficients, and also an inertial coefficients W for the velocity gives the next velocity
thing. Here velocity is more like a position change. So, whatever we have the current
position plus velocity will be the new position, is it all right. So, that is what we are

calling psychosocial compromise fine so that is why it is.

Now, once we have this then our next calculation, you can see here that is what is being
happening. So, particles current position see just see this particles current position, so it
moves that i-proximity and g-proximity between pbest and gbest, so particles best
position so far and global best position attained. So, the movement of the particles will
be something towards v, something toward pbest something towards gbest, is all right.

So, it is it is really a balance between diversity and towards a better fitness. Is it all right?

So, when you have number of particles and each particle is moving to its own best and to

the global best, it actually ensures that the population diversity that means, the entire



solution space is covered in an adequate manner, is all right, so that is the essential idea

of the PSO technique right, so that is where it finally moves.
(Refer Slide Time: 13:54)

e
Initial Parameters

* Swarm size

* Position of particles

* Velocity of particles

* Maximum number of iterations

Control Parameters

* Swarm size

* Inertial Weight W

+ Acceleration Coefficients ¢, and c,
* Number of iterations
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So, some of the initial parameters swarm size, position of particle, velocity of particle,
maximum number of iterations and control parameters, swarm size, inertial weight,

acceleration coefficients ¢ 1 and ¢ 2, and the number of iterations all right.

(Refer Slide Time: 14:15)

Inertia Weight W

* Alarge inertia weight (W) facilitates a global search while a small inertia weight
facilitates a local search.

e Greater Global Search Ability
Hl—— == Greater Local Search Ability
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So, this is look here the initial weight, the large inertial weight facilitates a global search;

while a small inertial weight facilitates a local search, is it all right. So, should be careful



on that that inertial weight if we take large, then it helps in global search; small it helps a

local search.

(Refer Slide Time: 14:41)

Acceleration Coefficients

+ Determines the inclination of search.

€ larger e[ Greater Global Search Ability
thanC,

C2 larger o Greater Local Search Ability
than C1
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Similarly, the acceleration coefficient C 1 larger than C 2 greater global search ability; C

2 larger than C 1 greater local search ability fine.
(Refer Slide Time: 14:53)

N
A Numerical Example
* Objective Function: Maximize f(x)=1+2x- X
* Let our Control parameters be

*W=0.70; C,=0.20; C,=0.60; n =5 Five Swarm Particles)
E = 4 iterations (for simplicity)

* Random numbers used for updating Velocity of particles be:

r, =[0.4657, 0.8956, 0.3877, 0.4902, 0.5039] (each one corresponding each particle)
r,=[0.5319, 0.8185, 0.8331, 0.7677, 0.1708]

Note: We keep the random numbers fixed throughout. in reality, they can vary.
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So, let us now look at a numerical example. So, this numerical example is like this. So,
first of all objective function is maximized f x equal to 1 plus 2 x minus x square. So, it

is a simple problem that we have to maximize these function for the value of x and try to



see how we try to obtain these by the PSO technique. So, we decide that we take the W
equal 0.7 that is the weight for the velocity C 1 and C 2, the coefficients for global and
local 0.2 and 0.6; and 5 swarm particles we take and for simplicity sake we take only

four iterations.

Then we need a certain random numbers for updating velocity. So, you see whenever we
talk about random numbers or any number the position we are going to write a matrix of
size 5. Why matrix of size 5? The essential is that there are five particles, so each particle

is for you know each number is for a particular particle.

Say for example, for the first particle the two random numbers are 0.4657 and 0.5319.
So, we decided to keep the random number fixed for the iterations different iterations; in

reality we may take different random numbers in different iterations, is all right.

So, maybe you one can take these random numbers for iteration one; in second iteration,
it can take another set of random numbers, but we have decided to keep them fixed. So,
the problem is clear. We are maximizing f x equal to 1 plus 2 x minus X square we have

taken such control parameters, we have taken some random numbers right.
(Refer Slide Time: 17:07)

D,
Initialization of Swarm Particles

* We initialize fitness of all the particles as Zeros

* Current Position of all the 5 particles as:
CP(0) = 10%[r, - 0.5]
CP(0) = 10 *{[ 0.4657,0.8956,0.3877,0.4902,0.5039] - 0.5}
So, CP(0) = [0.3425, 3.9558, -1.1228, -0.0981, 0.0385]

Note:
* Multiplied by 10 to initialize at least some particles to be > 1
* Subtracted 0.5 to generate hoth positive and negative positions.
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So, now the first thing is we initialize the fitness of all particles to zeros that means
initial fitness let us take as zeros. Now, the current positions that random numbers can be

used. So, what we do the current position of these at the zeroth iteration can be taken as



10 times r 1 minus 0.5. So, this is our r 1, so minus 0.5 into 10 then this is how the we

have found out the current position of the particles, all right.

So, you see multiplied by 10 to initialize at least some particles to be greater than 1; and
subtracted 0.5 to generate both positive and negative positions, right. So, we have to
ensure that this sort of things are to be done plus another things should be may kept in

mind.
(Refer Slide Time: 18:10)

N
A Numerical Example
* Objective Function: Maximize f(x)=1+2x- X
* Let our Control parameters be

*W=0.70; C,=0.20; C,=0.60; n=5 Five Swarm Particles) *
E = 4 iterations (for simplicity)

* Random numbers used for updating Velocity of particles be:

r, =[0.4657, 0.8956, 0.3877, 0.4902, 0.5039] (each one corresponding each particle)
r,=[0.5319, 0.8185, 0.8331, 0.7677, 0.1708]

Note: We keep the random numbers fixed throughout. In reality, they can vary.
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See look at the function. So, you see the position should be such that they cover our

solution space, is all right.
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DS,
Initialization of Swarm Particles

* We initialize fitness of all the particles as Zeros

* Current Position of all the 5 particles as:
CP(0) = 10*[r, - 0.5]
CP(0) = 10 *{[ 0.4657,0.8956,0.3877,0.4902,0.5039] - 0.5}
So, CP(0) = [-0.3425, 3.9558, -1.1228, -0.0981, 0.0385]

Note:
* Multiplied by 10 to initialize ot least some particles to be > 1
* Subtracted 0.5 to generate both positive and negative positions.
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So, the initial positions basically these particle positions actually represent the functional
the x value is it not. So, this is a function of x, so these particle positions actually
represent the x value. So, the x values should be such so that it covers the available
solution space in an appropriate manner. It should not be that you know the solution
space is not properly covered. So, it should be ensured that, that is what is done here by
multiplied by 10 and then divide minus you know 0.5 to generate both positive and

negative positions right.
(Refer Slide Time: 19:07)

N
Initialization of Velocity
* V(0) =r,-0.5, r, we already defined initially.
V(0) ={[ 0.5319, 0.8185, 0.8331, 0.7677, 0.1708 ] - 0.5}

we get

V(0) =[0.0319, 0.3185, 0.3331, 0.2677, -0.3292 ]
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So, similarly the velocity is computed by using r 2; r 2 we already defined initially. So, if
I you know in this case minus 0.5 then we obtain the velocities. So, obviously, different
problems different kind of solution space and different ways we should be you know
redefining our the velocities and position, so that it covers the entire solution space and
the velocity should not be too low or should not be too high. So, those kind of fine tuning

has to be carried out while initializing the velocity and initializing the position so good.
(Refer Slide Time: 19:55)

D, 00
Initialization of Swarm Particles

* We initialize fitness of all the particles as Zeros

* Current Position of all the 5 particles as:
CP(0) = 10¥[r, - 0.5]
CP(0) = 10 *{[ 0.4657,0.8956,0.3877,0.4902,0.5039] - 0.5}
So, CP(0) = [-0.3425, 3.9558, -1.1228, -0.0981, 0.0385]

Note:
* Multiplied by 10 to initialize at least some particles to be > 1
* Subtracted 0.5 to generate both positive and negative positions.
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So, what we have done we have obtained the current positions of the particles.
(Refer Slide Time: 20:00)

s
Initialization of Velocity
* V(0) =r,-0.5, r, we already defined initially.
V(0) ={[ 0.5319, 0.8185, 0.8331, 0.7677, 0.1708 ] - 0.5}

we get

V(0) =[0.0319, 0.3185, 0.3331, 0.2677, -0.3292 ]
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And we have obtained the current velocity of the positions of those particles.

(Refer Slide Time: 20:05)

] Current Position and Current Fitness

Iteration 1
Current Position (CP) of each particle is what we have initialized.
CP(1) = CP(0) =[-0.3425, 3.9558, -1.1228, -0.0981, 0.0385]

Current Velocity V(1) = V(0) = [0.0319, 0.3185, 0.3331, 0.2677, -0.3292]
oty

v
Current Fitness CF(1) =f(CP(1)) = 1+ 2*CP(1) - CP(1)? V() 0

=[0.1976, -6.7368, ~2.5061, 0.7942, 1.0755] (") o

LA\
)4
Note: CP(1)* obtained by squaring individual elements of CP(1). »n’
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70 M

So, now what we see already we got the current positions look here this is our current
positions CP 0. So, this is our current positions are already obtained and current velocity
is already obtain. So, from the positions, if we do the functional value because you know
you remember that our function x f x equal to 1 plus 2 x minus x square, so that was the
function. So, if we put the position, and put that we get what is known as the fitness
value. So, CP 1 square is obtained by squaring individual elements of CP 1. So, here CP

1 is like x, is it not. The current positions of the particle are like the x values.

So, if we put the function then we get the current fitness. So, what have you done? We
have obtain the for the first iteration we have obtained the current positions which is as
same as CP 0 we have taken, we have taken the current velocity that is V 1 equal to V 0
so already that is obtained and making use of them we have obtained the current fitness

right.

So, what are the things that we have calculated for iteration 1? We have obtained the
current positions; we have obtained the current velocity and we have obtained the current
fitness right. So these are the three things that we have obtained. Current positions is
taken same as iteration 0; current velocity taken same as iteration 0; current fitness we

have found by putting in the original function f x.



So, x is known and f x was 1 plus 2 x minus X square. So, instead of x we put the CP
positions. So, like CP 1 is 0.0319. So, when you put 0.0319, we got 0.1976. When you

put 0.3185, we got this like this we obtain the current fitness values right.
(Refer Slide Time: 22:31)

DS, 0 |
Local Best and Global Best

* Local Best position of each particle up to first iteration is just its current position.

* LBP(1) = CP(1) = [-0.3425, 3.9558, -1.1228, -0.0981, 0.0385]
* Local Best Fitness of each particle up to iteration 1 = Current Fitness of Iteration 1,
+ LBF(1) = CF(1) = [ 0.1976, -6.7368, -2.5061, 0.7942, 1.0755]

* Global Best Fitness of Iteration 1 = Max(LBF(1));
* GBF(1) = 1.0755 - for 5% particle

« Global Best Position of Iteration 1

* GBP(1) = Corresponding current position of 5th particle in CP(1) = 0.0385.
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So, we obtained this current fitness. Now, the question is which one is the best local best
positions. Look here the local best position are nothing but its current position because
we do not have anything else, so we have to assume whatever is the current position that
is also the local best position at the iteration 1. So, our CP 1 was these values. So, same
values are going to be our local best positions. And what are our local best fitness? Again
it should be current fitness because we do not have any other thing. So, this is going to

be our current fitness values.

Now, what are the best possible values? Look here you remember the problem was one
of maximization. So, out of these different fitness values the best one is nothing but one
point see look at these numbers 1.0755 is the best. So, we call it our global best. So,
global best is 1.0755 for the fifth particle, so that is our global best fitness. So, this is the
maximum of the local best fitness. And what is the global best position for which
position is this particular value that was the 0.0385, because for these x these f x has

been obtained so that means global best position will be 0.0385.

So far not nothing very difficult I hope everyone has understood that what exactly we

have done. We have obtained the velocity, the current position, the local best positions,



the local best fitness, the global best fitness and global best position that was for the

iteration 1. Now, from iteration 1 as we go to iteration 2.
(Refer Slide Time: 24:35)

o
Velocity for Iteration 2

Velocity for next iteration:
V(i+1) = WHV(i) + ¢,*r,*(LBP(i) - CP(i)) + ¢,*r,*(GBP(i) - CP(i));

We have from Iteration 1: V(1) = [0.0319, 0.3185, 0.3331, 0.2677, -0.3292];
For 1° Particle: r,=0.4657; r,=0.5319; CP(1)=-0.3425; LBP(1) = -0.3425; GBP(1) = 0.0385.

So, for Iteration 2, For the 1t Particle:
V(2) = 0.7%V(1) + 0.2*r,*(LBP(i) - CP(i)) + 0.6*r,*(GBP(i) - CP(i)) = 0.1439;

Thus, we have for Iteration 2:  V(2) = [0.1439, -1.7008, 0.8136, 0.2503, -0.2304]
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Now, we apply what is known as the velocity that is psychosocial criteria. So, as I have
told before, the new velocity will have weight to the previous velocity the current
velocity then the ¢ 1 and ¢ 2 two coefficients along with two random numbersr 1 and r 2,
the local best position minus current position and global best position minus current

position. So, these weight has to be obtained.

Now, we have from iteration 1, the V 1 value. So, this is our V 1 values and we decided
to take these random numbers. So, these are our random numbers. So, for the first
particle, see there are five particles. So, these are the first particle random numbers. The
CP 1 for this you know the position was minus 0.3425; the local best was minus 0.3425;
and global best was 0.0385. So, all these things you see they are all there. So, all these

values we can make use of.

Then V 2 that for the first particle the V 2 will be then 0.7 into V 1 that is you know the
whatever is the 0.0319, 0.2 into r 1 LBP 1 minus CP 1 0.6 into r 2 GBP i minus CP i, so it
comes to 0.1439. So, using all of these for iteration 2, velocities for all the five particles

can actually be obtained right. So, we have obtained the velocity for the iteration 2.
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o s
Current Position and Current Fitness

* Current Position for next iteration: CP(i+1) = CP(i) + V(i+1);
* We know: CP(1) = [-0.3425, 3.9558, -1.1228, -0.0981, 0.0385]
and  V(2) =[0.1439, -1.7008, 0.8136, 0.2503, -0.2304]

* Hence, CP(2) = [-0.1986, 2.2550, -0.3092, 0.1522, -0.1919]

« Current Fitness for next iteration: CF(i) = f(CP(i)) = 1 + 2*CP(i) - CP(i)*
* Hence, CF(2) = [0.5634, 0.4250, 0.2860, 1.2812, 0.5794]

* We know: Local Best Fitness:  LBF(1) = [ 0.1976, —6.7368, -2.5061, 0.7942, 1.0755]

* Hence, LBF(2) = Max[CF(2), LBF(1)] = [0.5634, 0.4250, 0.2860, 1.2812, 1.0755]
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Now, once we have found iteration 2 velocity what will be the current position of the
next iteration? It will be the old current position plus velocity 2. See, if you add these
values the CP 1 values to the V 2 values we get the next current position. So, this is
going to be our next current position which is nothing but a simple addition of this CP 1
and V 2 terms. And what will be the current fitness? The current fitness could be
obtained by putting the functions. So, taking as them as x, finding the f x values will be

the current fitness values.

So, what will be the local best fitness? See look here LBF 1 was these values. So, what
will be LBF 2, the local best fitness of iteration 2? So, you see 0.5634 and 0.1976, this is
better. Then 0.4250 point for this is better; 0.2860 that is better; for 1.28 that is better, but
out of these 0.5794 and this, this is better, so that will be our LBF 2. So, only if the fifth

position is different.
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D, |
Local Best and Global Best

* We have, for Iteration 2:
* CP(2) = [-0.1986, 2.2550, -0.3092, 0.1522, -0.1919]
* LBF(2) = [0.5634, 0.4250, 0.2860, 1.2812, 1.0755]

* Hence, Global Best Fitness in Iteration 2, GBF(2) = Max(LBF(2)) = 1.2812
* So, Global Best Position in Iteration 2, GBP(2) = 0.1522 (4 particle position in CP(2))

* Local Best Position of each particle in Iteration 2.
+ We know: CP(1) = [-0.3425, 3.9558, -1.1228, -0.0981, 0.0385]
LBF(1) = [ 0.1976, -6.7368, -2.5061, 0.7942, 1.0755]
* So, LBP(2) = Positions w.r.t LBF(2) = [-0.1986, 2.2550,-0.3092, 0.1522, 0.0385]
* current position is best for first 4 particles. But not for 5%! Last one is better! w
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So, then from there we can find out that we know CP 2 we can find out LBF 2, now from
there we see the global best and the global best fitness and global best position right. And
also the local best positions can be obtained as well. So, all of these things could be very

easily calculated for the different iterations and all these are tabulated here.

(Refer Slide Time: 28:13)

o
Summary: Iteration 1 and 2

V(i) &CP(i) CF{i) & LBF(j) GBF(i) LBP(i) & GBP(i)

1 |V(1)=[0.0319,0.3185,  |CF(1)=[0.1976,-6.7368, (GBF(1)= [LBP(1) = [0.3425, 3.9558,
0.3331,0.2677,-0.3202] -2.5061,0.7942, 1.0755] [1.0755 -1.1228,-0.0981, 0.0385]

CP(1) = [-0.3425, 3.9558, - [LBF(1) = [ 0.1976, ~6.7368, GBP(1)=0.0385
1.1228,~0.0981, 0.0385]  -2.5061, 0.7942, 1.0755]

N

V(2)=[0.1439,-1.7008, |CF(2)=[0.5634,0.4250, (GBF(2)= |LBP(2) = [0.1986, 2.2550, -
0.8136,0.2503,-0.2304]  (0.2860,1.2812,0.5794] [1.2812 03092, 0.1522, 0.0385]

CP(2) = [-0.1986, 2.2550, - [LBF(2) = [0.5634, 0.4250, GBP(2) = 0.1522
0.3092,0.1522,-0.1919] (0.2860, 1.2812, 1.0755]
Vi) = WHV() + ¢, *r,*(LBP) - CPi)) + c;*r;*(GBR(i) - CPi)); CP(i+1) = CP{i)+VIi+1);
LBF(i+1) = Max[CF(i+1), LBF(i)]; GBF(i)=Max(LBF(i); 47
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So, look here so that first of all from V 1, so these are the equations that are used that V 1
plus 1 equal to W Vic 1 r 1 LBP i local best minus CP, then global best minus CP. Then
CP equal to CP i plus Vi plus 1 local best fitness maximum of CF i plus 1 and LBF i and



global best fitness is the maximum of LBF. So, all these calculations are noted here, is all

right.
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Summary: Iteration 3 and 4

Iter

3

VIi) & CP(i)

V(3) =[0.02127,-2.2232,
0.8001, 0.1752,-0.1120]

CP(3) = [0.0141, 0.0318,
0.4909, 0.3274,-0.2944]

CF(i) & LBF{i)

CF(3) = [ 1.0279, 1.0625,
1.7410, 1.5464, 0.3246]

LBF(3) = [ 1.0279, 1.0625,
1.7410, 1.5464, 1.0755]

GBF(i)

GBF(3) =
1.7410

LBP(i) & GBP(i)

LBP(3) = [0.0141, 0.0318,
0.4909, 0.3274, 0.0385]

GBP(3)=0.4909

v(4) = [ 0.3011, -1.3308,
05601, 0,1980, 0.0420]

CP(4) = [0.3152,-1.2990,

1.0510, 0.5254, -0.2523]

CF(4) = [1.5312, -3.2861,
1,9974, 1,7740, 0.4317]

LBF(4) = [1.5312, 1.0625,

1.9974, 1.7740, 1.0755]

GBF(4)=
1.9974
Best

Fitness,

LBP(4) = 0.3152, 0.0318,
1.0510, 0.5254, 0.0385]

GBP(4) = 1.0510

(Best Position)

V(i+1) = WHV(i) + ¢;*r,*(LBP(i) - CP(i)) + c,*r,*(GBP(i) - CP(i)); CP(i+1) = CP(i)+V(i+1);

LBF(i+1) = Max[CF(i+1), LBF(i|]; GBF(i) = Max(LBF(i); 48
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Now, on similarly when you calculate for two more rounds that is the third iteration and
the fourth iteration then we can find out after these two iterations, we have found out the
global best after four iterations as 1.9974 and the you know for the value the global best
position that is 1.0510 right, so that is going to be our best position and best fitness

obtained after four iterations right.

So, it is just calculate the velocity, calculate the current position, calculate the current
fitness from there find out the local best fitness till that iteration global best fitness, local

best position and global best positions do those calculations, is it all right.
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Fma] SOIUtIOﬂ From lteration 4, we have:

f(x) Global Best Position
5 GBP(4) = 1.0510

/\ < and Global Best Fitness:

GBF(4)=1.9974

Hence, the final solution
obtained is:

x*=1.0510; and
Maximize f(x)=1+2x - x* f(x*)=1.9974

Theoretical value: x*=1; and f(x*) =2
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So, this is how the summary that this is the function for which we are trying to find out
the final solution Maximize f x 1 plus 2 x minus x square, theoretical value is 1. So, this
is 1, x 1, and the value is 2. But what we got through our iteration? We got 1.0510, and f
x star is 1.9974.

So, we got a very near solution by only in four iterations maybe if you do more, we may
be more near to the theoretical value, is it all right. So, this is how the PSO is applied. |
am sure you can do more problems of PSO and you will be able to learn it in a much

better manner right.

Thank you very much for patiently hearing.



