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Lecture - 20
GA Operator : Crossover techniques

We are discussing, the genetic algorithm operators and we have discussed about
encoding and then selection operations. Now we are in a position discuss another very

important operation, it is called the crossover operation.
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v Fitness evaluation and Selection

* Reproduction
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* Convergence test
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So, crossover operation is basically essential operation in the part of the another task in

genetic algorithm is a reproduction.
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Reproduction in Genetic Algorithm

Reproduction:
* Crossover
* Mutation
* Inversion

These genetic operators varies from one encoding scheme to another.
* Binary coded GAs
* Real-coded GAs
* Tree-coded GAs
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So, reproduction is basically, it consist of in addition the crossover there are some other
operations involved mutation inversion which will be discuss in another lectures. So,
first we will discuss about the crossover operation and we should, in this context I should
mention that, the different encoding scheme. If we follow in genetic algorithm

accordingly the different crossover strategies are to be followed.

For example, binary coded GA crossover is not applicable to real coded GA, or the
crossover technique that is there for the real coded GA is not applicable to binary coded

GA or tree coded GA. So, different the coding encoding scheme is.
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Mating Pool: Prior to crossover operation

+ A mating pair (each pair consists of two strings) are selected at random. Thus,
) . i . N
if the size of mating pool is N, then 5 Mating pairs are to be formed.
[Random Mating]

* The pairs are checked, whether they will participate in reproduction or not by
tossing a coin, whose probability being p, . If p, is head, then the parent will

participate in reproduction. Otherwise, they will remain intact in the
population.

Note :
Generally, p, = 1.0, so that almost all the parents can participate in production.
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If it is there in the genetic algorithm and according the different crossover techniques are
to be followed. Now, so we are discussing about crossover which is basically part of the

reproduction and prior to the ¢ production the mating pools are to be created.

So, basic idea about the mating pool creation is that, if we select the Np individual from
there the mating pair are to be selected usually it is a random procedure; that means, 2
populations are to be selected at random and then they can be consider is 1 mating pair.

So, this is called the random mating.

(Refer Slide Time: 02:08)
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Crossover operation

Once, a pool of mating pair are selected, they undergo through crossover
operations.

* In crossover, there is an exchange of properties between two parents and as
a result of which two offspring solutions are produced.

+ The crossover point(s) (also called k-point(s)) is(are) decided using a random
number generator generating integer(s) in between 1 and L, where L is the
length of the chromosome.

+ Then we perform exchange of gene values with respect to the k-paint(s)

There are many exchange mechanisms and hence crossover strategies.
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So, random mating once it is there, so it will produce the number of what is called the
parents there. So, 1 mating pair this means 2 parents it is, and from the 2 parents we are

to produce offspring. So, usually from a mating pair 2 offspring will be produced.

Now, what is the idea of the crossover mating is there. So, we know that each individual
is represented by a string, that is whether is we are discussing about say binary coded GA

of course, then it is binary string anyway. So, string is basically is the phenotype.

Now, for a phenotype, so there are different values are there and out of these values we
have to select some points; that mean, it is called the k point. So, k point is basically as if
it is the k point the kinetochore point in case of chromosomes and then based on this k
points we have to take the crossover, crossover means is a mutual swapping or
interchanging. So, this is the basic idea in the crossover techniques and now let us

discuss about crossover techniques in binary coded GA.
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Crossover operations in Binary-coded GAs

There exists a large number of crossover schemes, few important of them are
listed in the following.

+ Single point crossover

* Two-point crossover

*  Multi-point crossover (also called n-point crossover)
* Uniform crossover (UX)

* Half-uniform crossover (HUX)

+ Shuffle crossover

*  Matrix crossover (Tow-dimensional crossover)

* Three-parent crossover
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And so for the different crossover techniques, in fact, in binary coded these are the
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number of crossover techniques are there. So, we have listed around ten crossover
techniques we will quickly discuss 1 by 1 with example. So, the first is single point

crossover technique.
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Single point crossover

1) Here, we select the K-point lying between 1 and L. Let it be k.

2) A single crossover point at k on both parent’s strings is
selected.

3) All data beyond that point in either string is swapped between
the two parents.

4) The resulting strings are the chromosomes of the offspring
produced.
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So, in this crossover technique, the idea is that if the length of the chromosomes is L, L
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means here the number of bits is L together our size of the chromosome is L, then we
have to select 1 k point and late it be the k where k is in between 1 and L. So, this
basically decides where is the point k it is there on the chromosome, and this is a single

point crossover because only 1 point is selected as a kinetochore point, so it is there.

Now, a single crossover point say at k is selected on both parents is there, and then a data
beyond the points in either string is swapped between the 2 parents resulting the 2
offspring. So, this is the strategy, the strategy can be better understood if we explain with

an example.
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Single point crossover: lllustration

Before Crossover

Two diploid
from a

i 1 0 }* mating pair

Crossover Paint - k

] Parent1: 0

Parent 2 : \jf

Two diploid
for two new
offspring is
produced
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So, here is the example for this so suppose say this is the parent 1, and this is the parent

2, 2 parent’s chromosomes are there. And we randomly select 1 crossover point this is
the randomly select crossover point k, and once it is selected this crossover point. What
we have to do is that, we have to interchange the chromosome parts in their parents to

produce the offspring.

For example, so this is the first part of the chromosome in 1 parent, and we take the
second from the remaining part of the chromosome from the second parent, and if you
take this one then it will produce another offspring. So, these parties from here and these

parties from there.

Similarly, for the next offspring we take this part here, and then this part there. So, you
produce the another offspring. So, this is the idea about the single point crossover

technique, so idea it is like this.
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Single point crossover: lllustration

Before Crossover

I T T T 1
Parent 1: 0 0 0 | 4" | 0 | Twodiploid
- . i i : ' froma
Parent 2 : 1 1 1 1] 0 mating pair

_ Crossover Point - k

Select crossover points randomly

Offspring 1: 0 1 1 0 1 1 0 0 Two diploid
- - ! ! 1 for two new
i [ [ I [ I I fspring is
Offspring 2: o
P e lldd Bl | by | S| produced

After Crossver
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So, these basically these are the 2 crossover, and these are the 2 things are based on this

kinetic point it is there this one. So, the idea is like this and it is simple and also gives
better result, but if this mechanism have this one limitation all those limitation will be

discussed in due time. So, this is the concept of single point crossover technique.

Next we will discuss about 2 point crossover, it is just a modification or improvement
over the single point crossover as the name implies instead of k only 1 point they are in

the single point crossover.

(Refer Slide Time: 06:07)
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Two-point crossover

1) In this scheme, we select two different crossover points k, and
k, lying between 1 and L at random such that k; # k.

2) The middle parts are swapped between the two strings.

3) Alternatively, left and right parts also can be swapped.
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We have to decide the 2 points. So, let these 2 points be k 1 and k 2 in between the
chromosome length L. Here, in this strategy the middle parts of the 2 parent’s

chromosomes are swapped to produce the offspring, so let us see an example.

(Refer Slide Time: 06:26)
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Two-point crossover: lllustration

Before Crossover

] Parent 1 ; 0 1

Parent 2 1 0

Crossover Point ky 'Cmssovar Point k;

Select two ¢ ints randomly

Offspring 1:

Offspring 2: 1 0 1 0 0 ‘ 1 ‘ 0 0

After Crossver
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Here is the illustration, so in this example we select 1 k point here, another k k point

here. So, it is say k 1 and k 2, and then the offspring will be obtained by swapping the
they are middle parts so; that means, here this part is swapped between So, if we take
swap means, if this part is go there then it produce this offspring and if we conscious of

these part is here right.
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Two-point crossover: lllustration
Before Crossover
] Parenl1:l0i_1 _o'o 0_1!0'

Parent 2 ; 1 0 1 0, 1 1 l 0 0 |

Crossover Point k, \\Crosscvar Point kg

Select two crossover points randomly
0ﬂspring1:|01101|01ﬂ|

0ﬁsprlng2:'-’1_"u'1 o'o|1lo‘0
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And then it will come this offspring, so this way the 2 offspring can be obtained, the two

solutions. In fact, two new solutions are obtained, so this is the, this is why reproduction

is carried out in genetic algorithm.

Now, so this is the 2 point crossover technique, and then we will discuss about more
general crossover technique is called the multipoint crossover technique. It is more what

is called the more points are multipoint means more than 2 points are considered here.

(Refer Slide Time: 07:31)
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Multi-point crossover

1) In case of multi-point crossover, a number of crossover points are
] selected along the length of the string, at random.

2) The bits lying between alternate pairs of sites are then swapped.

Ki k; ks
Parent 1 MBI §M\\\\\\\\ Offspring 1
EANNNEEEEN  Offspring 2

wap1  Swap2

Parent2 [
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So, idea is like this so in this example we consider the multipoint as a 3. So, we
randomly decide 3 k points k 1. k 2 and k 3. And then producing the offspring is based
on swapping the alternating part; that means, we can swap this part and this part, and

then this part and this part.

So, this way another offspring will be obtained and here another offspring will be
obtained which is shown here. So, it is alternative or alternatively we can also consider
this part swapping and this part swapping there is another offspring will be also produce.
So, it is the strategy whether odd number of parts will be swapped or even number of

part will be swapped and accordingly the two different offspring will be created.

So, these are this is the basically generalisation. In fact, it is also 2 point if we consider
number of k points only 2, it is also same as single point if the number k point is this 1.
So, we can say that multipoint crossover is the generalisation of single point as well as 2
point crossover mechanism. Now, let us discuss the another crossover mechanism, which
is which has its own benefit is called the uniform crossover mechanism, it is also

abbreviated as ux.

(Refer Slide Time: 08:54)
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Uniform Crossover (UX)

* Uniform crossover is a more general version of the multi-point
CroSSOVer.

* In this scheme, at each bit position of the parent string, we toss
a coin (with a certain probability p) to determine whether
there will be swap of the bits or not.

* The two bits are then swapped or remain unaltered,
accordingly.

I~ NPTEL ONLINE Debasis Samanta G

CERTIFICATION COURSES CSE “
IIT Kharagpur

Now, in this mechanism it is basically is a more general version of the multipoint
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crossover mechanism in fact. Now, in this process in this mechanism, we basically
consider the number k points same as the number of bits or number of bits, in the

chromosome, in fact, that means, is bit position of the parent string we can consider k



point, but here the thing is that we can make a toss for each bit position, whether they

will decide or they will be swap or not.

So, swapping will result a new what is called the offspring. So, the idea it is that we have
to consider for each bit position, and then take a toss, toss means whether 1 or 0, toss a
coin like. And then with a it is basically assume certain probability, if it is a 50%
probability that, in case of 50% you just half of the time you swap them.

And if the probabilities 1; that means, here the ps value that we have mentioned, here if
ps is the probability of swapping if it is 1, then you swap whatever the things it is there.

Now, we can discuss this thing with an example, so that you can understand it.

(Refer Slide Time: 10:17)
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Uniform crossover (UX): lllustration

Bafore crossover
Parent 1: 1 1 0 0 0 1 0 1 1 [ ‘ 0 1 J
] Parent 2 o[ 110 o 1 ]1]1]0]l 0| 1 /

A~

Coin fossing: i) 0.:0 & 1 1 (8 1 1 :U 1
Afler crossover

Offprng 1 00 1 1] 1 0 | 1

Offspring 2 oo 100/ 1|0 0 ‘ 1

Rule: If the 05 Is 0 than swap the bits between P1 and P2
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Now, here is the idea about let us see these are the 2 parent chromosome p 1 and p 2 right

and. So, for the first bit position we toss, a we toss a coin and the if the toss gives the
result 1. So, here the possibly if the strategy is that, if toss if the coin tosses a 0, then we

should swap between the parent p 1 and p 2 and if it is 1 then we should not swap.

For example here in this case the toss is 1. So, in the then they will not be swap so they
will remain same as it is there in the parents on the other hand it is 0. So, we swap it is,
so it is this swap and it is 0 also we swap. So, it is swap means it gives the new values
and then they are 1 1. So, no change 0 1 it is also swapped from 0 to 1 and then it is also

0 0, it is also swapped it is like this and. So, it is there, so this one, so this way you can



see from this mechanism. If this is the input parents scheme and this operation is allowed
on these 2 parents scheme, and then it provides 2 offspring as the different, what is called

the chromosome pattern or different string.

So, this way 2 offspring can be obtained from the parent chromosomes using the uniform
crossover technique, next we will discuss another technique it is called the half uniform

crossover so the idea it is like this.

(Refer Slide Time: 11:52)
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Uniform crossover with crossover mask

* Here, each gene is created in the offspring by copying the
corresponding gene from one or the other parent chosen according to
a random generated binary crossover mask of the same length as the
chromosome.

+ Where there is a 1 in the mask, the gene is copied from the first
parent.

*+ Where there is a 0 in the mask, the gene is copied from the second
parent.

* The reverse is followed to create another offspring.
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So before going to half uniform crossover we want to discuss 1 little modification of the
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uniform crossover this is called the uniform crossover with crossover masks. So, there
basically we have to toss a coin for every bit position, which is sometimes little bit

computational expensive because tossing a coin require some computational effort.

Otherwise, we can consider 1 mask, this mask is a basically random what is called the bit
patterns, sometimes 1 any third chromosome, third population, third individual can be

consider also as a masks because it contents 1 and 0 in random pattern.

So, now whatever with the masks it is selected, now in the mask if there is a there is 1
then the gene is copied from the first parent. If there is a 0 in the mask then gene is

copied from the second parent otherwise.



So, this way it will give 1 offspring and if you follow the reverse protocol then it will
follow the another offspring Now, let us illustrate the concept with an example about this

uniform crossover with crossover marks here.

(Refer Slide Time: 13:01)
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Uniform crossover with crossover mask: lllustration

Before Crossover

]pm,1;©1unu1uw‘/
Parent2: 0 @ i 0 0 1 1 1 /

Mask 00011101/

. i f [ Whan there is a 1 in the mask, the gene is
Off 1 .
i ] ! 1 ! 0 0 | 1 | 1 copiad from Parent 1 alse from Parant 2,

Offspring 2: When there is a 1in the mask, the gene is
0 1 0 0 0 1 0 1 copied from Parent 2 else from Parent 1

After Crossvar
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So, this is basically the 2 parents and this is the mask that we have followed. So, mask
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means it is a random bit pattern with Os and 1s.

Now, the policies that when there is 1 in the mask then the gene is copied from parent 1
parent 1 else from the parent 2. So, if this is the policy by which this offspring is created.
So, here the mask is 1, so we will copy the bit pattern from parent 1 to this 1, and if it is

0 then we will copy the bit pattern from this 1. So, this way this pattern will be obtained

Now, if we will follow the reverse pattern; that means, when there is 1 in the mask the
gene is copied from the parent 2 else from parent 1 then. So, this offspring will be
created from the 2 parent, based on this crossover mask. Now if we consider the different
mask from the same parent. In fact, we produce another offspring, so changing the mask
also from the same parent can be used to generate more than 1 offspring, more than a
large number of offspring from the same parent itself. So, this is the 1 advantage of this

idea it is.



So, this is the uniform crossover with crossover marks. Now, we will discuss about other
improve methodology, it is called the half uniform crossover sometimes it is called the

HUX.

(Refer Slide Time: 14:28)

rPEs s gl L UD
Half-uniform crossover (HUX)

* In the half uniform crossover scheme, exactly half of the non-matching
hits are swapped.

1) Calculate the Hamming distance (the number of differing bits)
between the given parents. X\
SSATRN

2) This number is then divided by two. ) 0
3) The resulting number is how many of the }hat do notYmatch
istically.

between the two parents will be swapped but prebab
4) Choose the locations of these half numbers (with some strategies, say
coin tossing) and swap them.
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Now, in this half uniform crossover scheme, if the idea is exactly the half of the
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nonmatching bits are swapped now again here the 2 calculations are required. So, you
have to first calculate half the half of the nonmatching bits. So, this is required a
calculation here, but this calculation can be done very easily, if we use the concept of

hamming distance.

So, if the 2 bits things are given then the hamming distance is basically in the 2 bit
patterns. how many bit patterns are different in each of them. So, it basically number of

differing bit patterns gives the hamming distance.

For example if this is 0 1 0 and 0 1, so it is 0. Then in this case we can see only bit
pattern is different. So, hamming distance between the 2 is only 1, on the other hand 1 1
0 and 0 0 O here we can see the 2 bit patterns are difference. So, hamming distance
between these 2 strings are 2. So, this way the hamming distance gives us how many

number of bits are differ in the 2 2 chromosomes.

Then half of them the number will be obtained just simply divided this hamming
distance by 2. So, this 1 if the hamming distance is 6, and then the half of this will be 3



and if it is a 5, then it will be 2 like this one. So, these are the things it is there, then the
idea is that whatever the half of the nonmatching bit patterns are to be swapped and they
can be swapped, either in a random fashion by tossing a coin or just using any positive

here.

So, here the resulting number is how many of the bits that do not match between the 2
parents and they will be swapped probabilistically, here is a concept is called the
probabilistically; that means, again we can toss a coin like. So, you can causes toss a coin
and then if the toss gives 1 then, this bit pattern will be swapped and if it is not then 0.
So, probability in this case 50% then so it is half of the things will be swap like. So, now

let us see let us explain this half uniform crossover with an example.

(Refer Slide Time: 16:42)
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Half-uniform crossover: lllustration

Before crossover

Parent 1 : 1 1 0 0 0 0 1 0y J
| 1 | 1 Hgre, Hamming
lance is 4
] l i 0 1 1{

Parent 2 1 0 0 1

Offspring 1: 1 0 0 0 1 0 1 1

If toss is 1, then swap the
bits else remain as itis

Offepring 2: 11|01 ]|0|0]|1]|o0

After crossver
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And here I just mention the example here. So, these are the 2 input chromosomes at the

parents and we see in these 2 parents, the hamming distance is 4, here is basically this is
the 1 different. So, different bit pattern is this 1 and this is the different, this is different

and this is different. So, 4 bits patterns are different therefore, hamming distance is 4.

Now, so for the different bit pattern we have to have a toss. So, toss is here say 1, so if it

is 1 then the swap the bit pattern else it remains 0.
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Half-uniform crossover: lllustration

Before crossover

@ N
I |

SIS

After crossver

Parent 1 :

] Parent 2 :
Tossing: -

Offspring 1:

Here Hamming

bifs else remain as itis

Offspring 2:

.‘?@’
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So, if we swap it then we can obtain, so here 1 and then swapping these 2 gives this 1
similarly here 1. So, it is swapping these 2 it will give this 1, and here is also 1 swapping

these 2 it will gives 1. So, this way from these 2 parents we can get 2 offspring.

Now, again if we follow that different technique here for example, if toss is 0 then swap
then another 2 different other 2 different offspring will be created. So, whatever the
strategy whether toss 1 or 0 you can follow any 1, and then obtain the new offspring this
way. So, this is the idea about the half uniform crossover techniques. Now, we will
discuss a now another little bit complex crossover technique it is called the supple

crossover technique.
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Shuffle crossover

* Asingle crossover point is selected. It divides a chromosome into
two parts called schema.

* In both parents, genes are shuffled in each schema. Follow some
strategy for shuffling bits.

+ Schemas are exchanged to create offspring (as in single-point
crossover)
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Now, it is basically a single crossover look like. So, a single crossover point is first
selected in this technique and then it divides the entire chromosome into 2 parts, they are
called the schema and in both parents genes are first shuffled in each schema following
some sampling strategy. Then then as it is in the single point crossover the schema are
exchanged to create offspring. Now, so here better we can explain this concept with an

example.

(Refer Slide Time: 18:50)
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Shuffle crossover: lllustration

Belore crossover

|-

B2

Pl oo 1o 1[a[o]n
: = = = > - After shuffing bits
P2: 0 1 j 1 o 1 o ]
oftpring: | o [ o | 1 [ o | 1] 1 l G
= = = = : Single point
Offspring 2: 0 1 1 1 o 1 I’ ° 1 crassover
After crossver
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Now, let us observer this example here, so these are the 2 parents p 1 and a single point is
selected let this single point is this 1 the k point and then this is the 1 schema in 1
chromosome and this is the another schema in 1 chromosome. So, the 2 schema in 2

chromosomes are selected in this case.

Now, in each schema we have to follow a shuffling, following some strategy maybe that
first and third will be shuffled, and then second and fifth will be shuffled, in the first
schema then here the last and first then next 1 will be selected and then first. So, these

are shuffling, so these are the basically 1 shuffling mechanisms that we have followed.

(Refer Slide Time: 19:36)
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Shuffle crossover: lllustration

Before crossover

@2 N/
Pi: 1 - D [} 1 [

P2: 1 o ] 1 1 (1] i 1
=R ®)
P1°: 0 0 1 0 1 1 0 1
. A - After shuffing bits

PZ: 0 1 1 1 ] 1 0 1

oftspring?: | 0 | o | 1 | o | 1| 1| o[ 1
| 1 | L ! L L Singla point

oftspring2: [ o | 1 | 1| 1 | o | 1| o | 1 CIoancer

After crossver
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And sometimes a may random sampling can also be considered. So, shuffling

IITKHARAGPUR

mechanism what will do so they will interchange this 1? So, for example, from this
shuffling mechanism, we obtain this 1 and for this this chromosome also we obtain this

1.
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Shuffle crossover: lllustration

Before crossover

P 1|1 |00 |a]1]|1]|o0
P2: 1 0 ] 1 1 0 1 1
4 i Al *
K-paint
P1': 0 0 0 1 1 0 1
flar shuffing bits
P2': 0 1 0 1

Offspring 1:
Single point
Crossover
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So, shuffling little bit results you the two different chromosomes in the parents. So, it is

Offspring 2:
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basically intermediate stage of the crossover mechanism once it is then then we can
follow the simple single point crossover thereafter, so it is basically if we follow the
single point say. So, this part will be swapped this part, and then this part and this part
will be swapped this 1. So, it will give this 1 is the 1 chromosome and this another is the

another chromosome.

So, finally, this is the parent chromosome and it will produce the offspring chromosome
and we can understand that shuffling how it better compared to the or how this
chromosome. So, for the variation in the offspring is concerned is comparable to the
other crossover mechanism like say uniform crossover or the single point crossover like
this one. So, this is a shuffling crossover it has little bit computational demand, but it is

more variation in the offspring is possible.

So, if we note need more variation in the offspring then we should think for this kind of
crossover mechanism, and then the another crossover mechanism it is called the matrix
crossover, usually this crossover is preferable when the size of the chromosome is too

large.
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Matrix crossover

The matrix crossover strategy is explained with the following illustration.
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Now, if the size of the chromosome is too large then we can represent 1 chromosome in
the form of a matrix. So, how a chromosome can be represented in the form of matrix is
shown here, say suppose this is the entire what is called the chromosome for a parent and

then we can make into a equal number of pieces.

So, for example, here 4 genes into 1 piece and then next 4 into 1 gene and then they can
be placed in the metrics like. So, the first 4 in the first row, then second 4 genes in the
second row and then this way so this 1. So, it is called the row major ordering of the

chromosome.

Similarly, for the second chromosome we can have another matrix in the row major
positioning. So, this is the first row second row and the last row continues 4 elements
also. So, it basically if we consider m cross n like this one; that means, if in each row m
number of genes and their n if the total size of the chromosome is m cross n this way. So,
a chromosome of size m into n can be converted into a matrix of m rows and n column

that we have discussed here.

Now, | representing a linear chromosome into the form of a 2 dimensional representation
of the matrix then we can follow the matrix crossover, it is just like a swapping crossover
like or it is just like a sapling what is the idea is that we have to make few block in each

chromosomes. So, I consider that this is the 1 block, this is the another block.
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Matrix crossover

The matrix crossover strategy is explained with the following illustration.
[Row.]

Ij: i | fix iy | fid [ ...... | fin

la: a1 | fn s | 24 [ ...... | fan

Then matrices are divided inte a number of non-overlapping zones

Two matrices
(f_;\' = { 4 are dividos
_— = iAo @ Aumber
of non-
€1 [ - (=2 | owerlapping
Zones and
shuffie
| L ) batwwen tham

Deb .?

And this is the another block this is another block this is another block this is another
block so; that means, entire chromosome is divided by six different blocks the same
blocking is also followed here then we will swapped. So, this block will be swapped with

this block, so here from this it will go there from this it will go there.

Similarly, this is the another block it will be swapped right from in between there. So, for
example, it is not swapped here, so we swapped only this block is swapped with this 1

and this block is swapped with this 1 and this block is swapped with this 1 right.

So, if we can swap alternatively some blocks and then it basically gives, so this is the
original what is called the chromosome and here is the this is the child chromosome or
offspring chromosome, and you can say that in the child chromosome some parts these
are the parts from the another parent similarly in this chromosome also these are the parts

from the another parent and this is from the this 1.

So, this way the variations or the new chromosomes can be obtained using this matrix
crossover mechanism. So, we have discussed about the different crossover technique and
there is a 1 another crossover technique it is called 3 parent crossover technique, the 3
parent crossover means, whatever the crossover technique that we have discussed they

consider only 2 parents, but here is the 3 parents and the crossover technique is like.
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Three parent crossover
* In this technique, three parents are randomly chosen from the
current population.

* Each bit of the first parent is compared with the bit of the second
parent.

* If both are the same, the bit is taken for the offspring.

* QOtherwise, the bit from the third parent is taken for the
offspring.

- NPTELONLINE Tr— a.

CERTIFICATION COURSES CSE “
IIT Kharagpur

In this technique as you saw the 3 parents are chosen at random from the mating pool.
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Then each bit of the first parent is compared with the bit of the second parent, if both the
bits are same then the bit is taken for the offspring otherwise the bit from the third parent

is taken for the offspring.

So, this way 1 offspring will be obtain now again another offspring can be obtained if
both are the same in the third step then we can take the any 1 from the offspring and this
1. Now, let us see how this chromosome can be we can illustrate this kind of technique

here.
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So, this is an example here, in this example you see this is the 1 parent and another
parent is there, and then third parent if this 1 the third parent. So, as the strategy set if the
bit position are same then we copy it into their for example, here the 2 bit position same,

so it is copied into here.

And similarly we see here also the bit position are same. So, it is copied here and here
also bit position same it is copied, here there also bit position are same it is copied here.
So, we have copied directly from the 2 parents if we see that the 2 parents contain the

same bit positions.

Now, for the remaining bits in the offspring we can select from the parent; that means,
this is selected from this 1, this is from here this is from here this is from here and so on.
So, this way this new offspring will be created, so you can see we can see here that. So, 3

parents can be involved in to produce 1 offspring and it is a mechanism like this 1.

So, this is the idea about the 3 parent crossover technique, and we have discussed about

many crossover techniques, it is right time to discuss exactly who what are the.
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Comments on the binary crossover techniques

* Non-uniform variation: It cannot combine all possible schemas (i.e.
] building blocks)

For example : it cannot in general combine instances of
Il 1 *k k¥ % 1

and
\* EETEEL.

to form an instance of

+ Positional bias: The schemas that can be created or destroyed by a
crossover depends strongly on the location of the bits in the chromosomes.
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Why the different crossover techniques and what are the points are there to be considered

in order to decide a better crossover technique, binary crossover techniques.

The first idea is that non-uniform variation is preferable non-uniform means it is not like
that whatever the pattern there in the parent should be followed there. So, better if we
can intermix the pattern there. So, for example, it is here if this is the 1 parent if the
parent then, so it is basically better 1 instance will be like this 1 as a more variability is

there.

So, crossover technique should be such a technique, such that it should provide more
variability in the offspring chromosome another is a positional bias, positional bias

means.
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Comments on the binary crossover techniques

* Non-uniform variation: It cannot combine all possible schemas (i.e.
] building blocks)

For example : it cannot in general combine instances of
1 1‘# * k%% 1

and

FEEX]]*F

to form an instance of

11**11%1

+ Positional bias: The schemas that can be created or destroyed by a
crossover depends strongly on the location of the bits in the chromosomes.
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If this is the 1 chromosome, so sometimes whatever the mechanism we follow either

their n point will cannot be interfered; that means, n point will be copied always there.
So, it is called the positional bias n point positional bias like. So, this came, so the
crossover techniques should be that the positional bias can be avoided. Now, there is

another also called n point bias it is also once at a positional bias.
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Comments on the binary crossover techniques

+ End-point bias: It is also observed that single-point crossover treats some
loci preferentially, that is, the segments exchanged between the two
] parents always contain the end points of the strings.

*  Hamming cliff problem:
+ A one-bit change can make a large (or a small) jump.
+ A multi-bits can make a small (or a large gap).

For example,

(Here, Hami €= 4, but distance between phenotype is 1)

(Here, Hamming

istance = 1, but distance between phenotype is 8)
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For example single point crossover always has certain n point bias always, because it is
always n point is to be copied into this 1. Another is that some crossover technique may

suffer from 1 problem and this is called the hamming cliff problem.

So, hamming cliff basically if we change a small, it may not give a better changes. On
the other hand if we change again a large, then it can give a very small change for
example, here if we see. So, some chromosome is there parent chromosome and it is
converted to this one. So, what you can say that there is a large number of change
changes in bits, now large number of changes in bits whether gives a better population

from the wide diversity.

Now, for example here, so these are binary suppose binary and this is the equivalent is 8
and this is the 7, | mean decimal equivalent, this means that changing a lot number of
patterns or bits basically produces the number changing from 8 to 7 is a very few

differences there.

On the other hand is another example here, if the 0 0 and there is a only small changes,
this is the small changes. So, small changes can produce a huge difference for example, it

has 0 and this is 8, so the 1 bit changes also can gives a huge changes.

Now, whenever we have to do this crossover basically our objective to explore the better
what is called the solution better solution in the context that. So, we have a solution 1
and then the next solution should be near amount that solution or very far from that
solution it is need to be decided. So, if we see that 1 solution is far from the latest

solution that we have explored then it may be good sometimes it may not be good.

So, hamming cliff problem is the 1 problem, which basically needs to be considered how
much deviations that we want to have in our solution. So, these are the points that we

have to consider. So, far the chromosome our crossover operation is concerned.
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Comments on the binary crossover techniques

+ To reduce the positional bias and end-point bias, two-point crossover and
multi-point crossover schemes have been evolved.

+ In contrast, UX and HUX distribute the patterns in parent chromosomes
argely resulting too much deflections in the offspring.

+ Toavoid binary code related problem, gray coding can be used.

* In summary, binary coding is the simplest encoding and its crossover
techniques are fastest compared to the crossover techniques in other GA
encading schemes.
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And there are many other ideas also, so we have discussed the different crossover
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techniques in the context of binary coded GA. So, sometimes other than binary coding
people follow gray coding, it is the another concept which call basically also helpful to
solve many of the problem that we have discussed; that means, position bias n point bias

or hamming cliff problem all these 1.

Now, this is the last thing that we want to mention in the context of binary coded GA
crossover technique. So, binary coding is comparable to any other coding technique. In
fact, because whatever the crossover technique, crossover is the most what is called the

costliest operation in case of GA algorithm

So, we should consider that crossover techniques should be in such a way that it is gives
the faster result, because GA algorithm run execution takes maximum time in the process
of reproduction; that means, a crossover operation. So, whatever the techniques are there
it is observed that the binary coded GA, which follows the binary crossover techniques

are the fastest technique.

So, that is why the many programmer they follow the GA encoding scheme, for the GA
encoding scheme the binary encoding scheme and then implementation or programming

of the different crossover operation also straightforward ok.



So, this is how much I want to mention about the crossover techniques related to the
binary coded GA, and as I told you the different crossover techniques are to be followed
in case of different coding is followed. So, next we will discuss the crossover techniques

related to real coded GA.

Thank you for today.



