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Lecture — 30
A Practical Optimization Problem (Contd.)

This figure shows a single point cutting tool. This is the gripping end and this is the
cutting end. Now what you will have to do is we will have to find out the optimal cross

section of this particular cutting tool.
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Problem Statement (Cont.) |

The design variables are allowed to vary in the ranges given
below.

/
'/ 0.005<b<0.20m
_, 0.005<h<0.10m
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Whose dimensions are given by b and h and having the fixed length that is L prime. Now
this optimal design should be such. So, that the weights should be minimum and at the
same time there should not be any mechanical breakage of this particular the single point

cutting tool.

Now, to determine the optimal design, now we have already discussed how to solve this
particular problem using 2 traditional tools. Now the first 1 was a random walk method
and the second 1 was steepest descent algorithm. Now today I am just going to discuss
like how to determine, the optimal design of this particular the single point cutting tool

using a genetic algorithm.
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| Solution |

Volume of the single-point fool = bhL'm?

Mass of the tool, m' = bhL'p kg
= bh x 0.20 x 7860 kg
= 1572 bh kg

Maximum bending moment, M = P,L’
=250%0.20 N.m

=50 N.m
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Moment of inertia 1= :—zbh.3

Developed stress o = ? y

_ 50 h

=1
ﬁbh 2
300

=, e 2
o N/m

NPTEL ONLINE

IITKHARAGPUR CERTIFICATION COURSES

Now, before I go for that let me show you the mathematical formulation of this particular

problem.
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Mathematical Formulation
] Minimize m'=1572bh 7/

subject to

300 6
o S 15010

and
0.005<b<0.20
0.005<h<0.10
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Now here our aim is to minimize the mass or the weight of the cutting tool. So, minimize
m prime that is 1572 multiplied by v multiplied by h subject to the condition, that the
develop stress that is 300 divided by b h square. Should be less than equal to the
allowable stress that is 150 multiplied by 10 raised to the power 6 so, much p, that is

newton per meter square. And b is line between 0.005 and 0.20 meter.

And h is lying between 0.005 and 0.10 meter. So, this is nothing, but a constrained

optimization problem.
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(a)Using Random Walk method
Use Random walk method by assuming initial solution {:] = {g gi]

and step length 1 = 0.2. Show only one iteration. Take fwa:l
random numbersas ry = 0.4, r; = 0.2

Iteration 1 b T
Step 1: Initial solution {h}1 S {& 01}
Function valve, m'; = 1572 bh
=1572 x0.02x0.01
=0.3144
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Now let us see how to solve this constrained optimization problem using a non-

traditional tool like genetic algorithm.

(Refer Slide Time: 02:34)
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Step 2: {:;] = [g g}
Search direction, u, = ﬁ{:}
0.89
- [0.45]
Step 3: {2}2 - {i’t}1 ¥ duy
-{no+02(p 40
(9
0.10
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Function value, m; = 1572 bh
=1572x0.198 x 0.10

=31.13
As  m;>mj;
[:3 = %119: ] cannot be considered as the next solution.
z .

We go for the next iteration.
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(b) Using Steepest Descent method

Use Steepest Descent method by taking initial solution [b} = {

Show only one iteration. W1

Iteration 1

Initial solution [b} i {0-05]
h)y 10.05

Function value, m'; = 1572 bh
=472

Gradient of the function

am'

w23 3
dh
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b
h}1 +A XS,

{
(nos)+1 ok

Il]. 06 - 78.611}
0.05 - 94.314

Search direction §; = -Vm' = {

(W,

m', = 1572 (0.06 — 78.64;)(0.05 - 94.34,)
= 1572 (0.003 — 3.934, - 5.664, + 7411.982%)
= 1572 (0.003 - 9.594, + 7411.982%)
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dm;
diy
=-9.59+2x7411.984; =0
= A1 =0.0006469

Now,

(1) = (106~ 78.6x0.0006469)
1, ~ 10.05 - 94.3 x 0.0006469

= [ 0.009
-0.011
It is an infeasible solution,

as h has come out of its range.
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Now, here I am just going to start with a binary coded GA.

(Refer Slide Time: 02:41)
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c) Using Binary-Coded Genetic Algorithm (BCGA)

] Use a binary-coded GA to solve the constrained optimization
problem, use a random population of size N=4, tournament
selection, a single-point crossover with probability p.=1.0, bifwise
mutation with probability p,=0.01. Design the GA-strings fo ensure
the precision levels of 0.0015 and 0.0002 approximately in the
values of b and h, respectively. The above consirained
opilmlzuﬂmmWEe solved using the concept of dynamic
penalty (for which, assume the constants C =2, a = 2, ﬁ_=__,3)

Show only one iteration by hand calculations.
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That is if you see the statement of the problem. So, we are going to use a binary coded
GA to solve these constrained optimization problem and I am just going to show some

hand calculation considering the population size N is equals to 6.

Now, we will have to use tournament selection then single point crossover with the
probability p ¢ equals to 1.0. So, all the mating pairs are going to participate in crossover,

then bitwise mutation with a probability p m equals to 0.01. Now we will have to design



the GA string to ensure the precision level of 0.0015 and 0.0002, approximately in the

values of b and h, respectively.

So, accordingly we will have to select the number of bits. Now this constraint
optimization problem has to be tackled using a penalty function approach and we are
going to use the concept of the dynamic penalty like if there is any violation of the
functional constraint. So, that particular solution will be penalized using the principle of
dynamic penalty and we are going to assume that the constant C that is equals to 2 alpha

equals to 2 and beta is equals to 3.

And I am just going to show you like through hand calculations 1 complete iteration of
this particular the binary coded GA to solve this problem. Now let us see let us see how

to proceed with this?

(Refer Slide Time: 04:36)
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Solution

/
] No. of bits to be usslgnegrfo reprt;séni b, thatis

/. 0.20-0.005 i
11 = ll}gzw = lﬂgz 130 = logzz =¥/

No. of bits to be assigned to represent h, that is

0.10 - 0.005 = an
L= IOEZW = logy 475 ~ logz 2° = 9 gﬂ‘} LCJ

Let us consider the first GA-shing, as given below:

1011001 101010111 L;]Uj} £
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Now, to start with actually what you will have to do is. So, I will have to find out first
like how many bits to we assigned to represent the real variables, in order to ensure their
precision level. Now if I see this particular b, now b is nothing, but the width of this

particular the cross section.

So, what you will have to do is I will have to find out, how many bits to be assigned to
ensure the precision level in the value of this particular the b. So, what I do is we have

already discussed how to find out the number of bits to be assigned. Now supposing that



I number 1 1 number of bits are to be assigned to represent b. So, using this mathematical
expression that 1 1 is nothing, but log base 2 like b maximum minus b minimum divided

by epsilon now let me write it here.

Say I 1 is nothing, but log base 2, then comes your be maximum minus b minimum
divided by that your accuracy level or the precision level that is epsilon. Now if I
substitute all such values like b max is 0.20 meter b minimum is 0.005 and the
precession level epsilon is nothing, but 0.0015. Now if I just calculate I will be getting

log base 2 130 and approximately this is equal to log base 2; 2 raised to the power 7.

And that is nothing, but is equal to 7. So, 1 1 is 7; that means, I am just going to use say
says 7 bits to represent this particular your the b. Now similarly I can find out the
number of bits to be assigned to represent h. Now using the same expression like 1 2 is
nothing, but log base 2 h maximum, minus h minimum divided by the epsilon and if I

substitute the numerical values I will getting log base 2475.

And approximately this is equal to log base 2 2 raised to the power 9 and that is nothing,
but 9. So, we are going to assign 9 bits to represent this particular the h. Now if this is the

situation. So, very easily you can find out what should be the length of the GA string.

(Refer Slide Time: 07:25)
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Solution
] No. of bits to be assigned to represent b, that is

0.20 - 0.005 .
L= lﬂgzw =logy 130 = logy 2 =7

No. of bits to be assigned to represent h, that is

0.10 - 0.005 9
I, = logzw log, 475 = logzz =

Let us,conslder the first GA-string, as given below \
1011001 101010111 ,L: H"u o

£o i
\_!1_I L \ U\x‘? %Dl

0
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Now, to determine the length of the GA string so, what you will have to do is? So, 7 bits
I will have to assign to represent 1 1 and 9 bits will have to use to represent 1 2. So, 7 plus

9 the total number of bits in GA string will be 16.

So, 7 are used to represent 1 1 and 9 bits are used to represent 1 2. Now if this is the

situation let us see how to proceed with to determine your the real values corresponding

to b and h.

(Refer Slide Time: 07:56)
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Decoded value corresponding to
li=64+16+8+1=89

Real value of s '
7 0.20-0.005 N
b=0.005+—;——x89=0142 , =
[

2771 o /\0 b
o b
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Now, here actually the decoded value corresponding to 1 1. Now if you see this particular
binary for example, this particular binary the decoded value will be like. So, this is
nothing, but 1 0 1 1 0 0 1 that is 2 raised to the power 0, 2 raised to the power 1, 2 raised

to the power 2 3 2 raised to the power 4, 2 raised to the power 5, 2 raised to the power 6.

So, the decoded value will be 2 raised to the power 6 multiplied by 1 that is nothing, but
64 plus 1 multiplied by 2 raised to the power 4 that is nothing, but 16 plus 1 multiplied
by 2 raised to the power 3 that is nothing, but 8 and 1 multiplied by 2 raised to the power
0 that is nothing, but 1. So, if I just add them. So, this will become 80 88 89. So, I can

find out the decoded value corresponding to this particular your 1 1.

Now, if I have got this particular the decoded value then very easily I can go for what
should be the real value corresponding to this particular decoded value of 89. Now the

real value of b is nothing, but. So, let me just write down the rule for the linear mapping



rule that is nothing, but b equals to b minimum plus, b maximum, minus b minimum

divided by 2 raised to the power | minus 1 multiplied by the decoded value.

So, this is the rule for the linear mapping. Now this I can just use here to find out what
should be the real value for this particular the b. Now here b minimum is 0.005 b
maximum is 0.20 and we have got small | is equal to 7 here there are 7 bits. So, 2 raised
to the power 7 minus 1 multiplied by the decoded value and if I calculate I will be

getting 0.142.
So, this is the real value corresponding to this your; the b.

(Refer Slide Time: 10:24)
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Decoded value corresponding to
l;=64+16+8+1=289

] Real value of

0.20-0.005
b=0'005+Tx89=0'142

Decoded value corresponding to
l,=256+64+16+4+2+1=343

Real valve of

0.10 - 0.005
h=0.005+—7F—

%343 =0.069
29-1 4
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Now once we have got the real value corresponding to this particular b, I can use the
same procedure to find out what should be the decoded value corresponding to 1 2 and
what should be the real value corresponding to this particular the h. Now if I see the
string corresponding to this 1 2 is nothing, but this now here. So, I can just place that your
the values further that the place values of this particular the bits and I can find out what
should be that the decoded value.

Now, if we calculate the decoded value following the same principle corresponding to 1
2. So, I will be getting 300 and 43 so, for this 300 and 43 using the linear mapping tool.
So, I can find out what should be the real value for this particular h. And h is nothing, but

the minimum value of h plus, the maximum value of h minus, the minimum value of h



divided by 2 raised to the 1 1 equals to 9 here minus 1 multiplied by the decoded value
that is 343 and I will be getting0.069 as the real value for this particular the h.

(Refer Slide Time: 11:47)
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Value of the objective function

f1=1572x0.142 x 0,069 = 15.40 I;(g

] L.H.S. of the functional constraint = % )
300

= =0.44x10°
0.142 x (0.069)2
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And once we have got these real values for this particular b and h. So, very easily I can
find out like what should be the value of the objective function. Now here f 1 is the value
of the objective function that is nothing, but 1572 multiplied by b multiplied by h and if
you substitute the numerical values and if we calculate then we will be getting. So, f 1 is
nothing, but 15.40 and the unit for this will be the kg, kg will be the unit for this because

this is nothing, but the mass or the weight of that particular the single point cutting tool.

Now, I can find out the functional constraint and we will have to determine the values of
this particular functional constraint and we will have to decide, whether it is going to

violate the functional constraint or not.
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Value of the objective function
f1=1572x0.142 x 0.069 = 15.40

L.H.S. of the functional constraint = ﬁ:

bh
300
I e— 6 /
0.142 x (0.069)* My/ b

RH.S. = 150 x 10° 7l y\0
No violation of functional constraint. ?_\\ . \f;/o/
Penalty term = 0.0 ';? G L =

Fitness f; = 15.40_ \,O . R
~ -~ % ' ‘
’f\’;lﬁ\ A v
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Now if you see the functional constraint it was something like this like 300 divided by b
h square should be less than equals to the allowable, that is 150 multiplied by 10 raised

to the power 6.

Now, this is nothing, but the allowable stress for this particular the tool material and this
is actually the developed stress due to the bending the bending moment. Now here if |
just substitute then the left hand side of the this particular functional constraint, that is
300 divided by b h square b is 0.142 and h is0.069 square and if I calculate I will be
getting 0.44 into 10 raised to the power 6.

So, this is the develop stress and the allowable stress is 150 multiplied by 10 raised to the
power 6 and here actually the left hand side left hand side is less than the right hand side;
that means, the design is same. So, there is no violation of the functional constant and if
there is no violation the penalty term that is P will be equal to 0.0 and actually the
modified fitness that is capital F 1 will remain same 1 small f 1 and that is nothing, but

15.40.

So, for the first GA string [ am able to find out what should be the value of the objective
function and that is nothing, but the fitness and what should be your the modified fitness,
because here there is no violation of the functional constraint. So, this is the way
corresponding to a particular GA string, I can find out the numerical value for this

particular objective function and I can find out whether there is any violation of the



functional constraint and if there is a violation, I will be able to find out the penalty term,
but fortunately here there is no violation. So, the modified fitness will remain same as the

original fitness.

(Refer Slide Time: 14:58)
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] Let us consider the second GA-string, as given below:

h L
Decoded value corresponding to
[j=16+8+2=26 7

Real valve of

0.20 - 0.005
b=0.005 + —7——x26.=0.045 /
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So, corresponding to the first GA string we are able to find out those values. Now I am
just going to concentrate on the second GA string. Now I have already mentioned that
the population size is equals to 6; that means, there are 6 such GA string and
corresponding to the first GA string, we have already calculated the numerical values for

the fitness.

And now I am just going to see how to determine the numerical value the value of the
objective function corresponding to the second GA string. Now the second GA string
generated at random is something like this, now I am just going to use the same
procedure. So, to represent I 1 I am using the 7 bits the past 7 bits and to represent 1 2 are
using the remaining 9 bits. And following the same principle I can find out the decoded

value corresponding to this particular 1 1 and this will become equal to 26.

And I can use the linear mapping rule to find out the real value for this particular b and
this is coming to be equal to 0.045. Now once I have got this particular thing. So, now, I

can go for 1 2.
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Decoded value corresponding to
L=32+4+1=37
Real value of h=0.005+*2 2 x37 = 0.012 /
Value of the objective function
f2=1572x0.045x0.012 = 0.85 /1@
300

L.H.S. of the functional constraint = -

300
" 0.045 x (0.012)2
RH.S. =150 x 10
No violation of functional constraint, =
Penalty term = 0.0 ?
Fitness f, =0.85 = Yy

=46.3 x 10°
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So, I can find out corresponding to this particular 1 2, actually your the decoded value is
0 point sorry the decoded value is 37. And corresponding to the decoded value of 37 the

real value of h is nothing, but this and this is becoming equal to 0.012.

Now, the value of the objective function that is f 2 is nothing, but 1572 multiplied by b
multiplied by h and if we calculate will be getting 0.85. And of course, the unit will be
the kg because this is the weight. Now the left hand side of the functional constraint that
is 300 divided by b h square, now if I substitute the numerical values for b and h. So, I
will be getting 46.3 multiplied by 10 raised to the power 6 and once again. So, this
particular left hand side is less than the right hand side.

So, there is no violation of the functional constant penalty term P will be equal to 0 and
the modified fitness that is F 2 will be equal to the small a f 2 and that is nothing, but
0.85. So, as there is no violation. So, the modified fitness will remain same as the

original fitness.
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] Let us consider the third GA-string, as given below:
0001001 000001101

h L
Decoded value corresponding to
LL=8+1=9 /
Real value of

0.20 - 0.005
b=0.005+?x9=0.019 L
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So, corresponding to the second GA string so, I am able to determine what should be the

value of the objective function or the fitness.

Now, let us concentrate on the third GA string. Now the third GA string is something like
this, now this 7 bits are going to represent the 7 bits are going to represent the 1 1 and the
remaining 9 bits are going to represent | 2. Following the same principle I can find out
the decoded value corresponding to 1 1, the real value corresponding to this particular the

b and I can also determine the decoded value corresponding to 1 2.

(Refer Slide Time: 18:32)
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Decoded value corresponding to [, =13
Realvalve of h=0.005+ "2 x13=0.0074

Value of the objective function
f3=1572x0.019 x 0,0074 = 0.22 19
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And that is becoming equal to 13 and I can also find out the real value corresponding to
h that is nothing, but 0.0074 and I can determine the value of the objective function that
is f 3 is nothing, but 1572 multiplied by being multiplied by h so, that is 0.22 kg.

Now once | have got this now I will have to check whether it is going to violate the

functional constraint or not.
(Refer Slide Time: 19:01)

Decoded value corresponding fo [, = 13

] Real value of h = 0.005 +%"1°°5 x 13 = 0,0074

Value of the objective function
f3=1572x0.019 x 0.0074 = 0.22

L.H.S. of the functional constraint = 2%

0w
= =28833x10°
0.019 x (0.0074)2 -

R.HS. =150 x 106
There is a violation of functional constraint.
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Now here the left hand side of the functional constraint that is 300 divided by b h square,
if T substitute the numerical values I am getting 2 point sorry 288.33 multiplied by 10
raised to the power 6. And this particular numerical value is more than the allowable

value of the stress that is 150 multiplied by 10 raised to the power 6.

So, there is a violation of the functional constraint and if there is a violation, now I will

have to find out what should be actually the penalty term.
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Amount of violation, ¢ = [288.33 x 10° - 150 x 109
] =138.33x10°_~

Dynamic Penally )Qpploach

Penalty P = (C x )% o

= (2 x 1) (138.33 x 10°)3
=10.58 x 10* \/ﬂ
Fitness f3 = 0.22
Modified fitness F; = f ;P
=0.22+10.58x 10% 7~

£10,58 x 102
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And we have already decided that we are going to use the concept of the dynamic

penalty, now how to determine the amount of this particular the penalty?

Now, as I told there is a violation of the functional constraint. So, what I will do is I have
to first determine what is the amount of violation? So, the amount of violation that is
denoted by psi is nothing, but the mode value of the differences between the right hand

side of the functional constrain and the left hand side of the functional constraint.

Now this left hand side and right hand side the numerical values if I just substitute. So,
this is 288.33 multiplied by 10 raised to the power 6 that is actually the developed stress.
And the allowable stress is nothing, but 150 multiplied by 10 raised to the power 6 and
this particular the difference could be either positive or negative. So, depending on

whether I first consider the developed or whether I consider the allowable first.

So, accordingly I will be getting positive and negative and that is why we consider the
mode value of this particular violation and that this is nothing, but this. So, 138.33
multiplied by 10 raised to the power 6. And once you have got the amount of violation
now using the principle of dynamic penalty approach. So, I can find out what should be

the amount of penalty.

Now, to determine the amount of penalty we use the expression penalty P is nothing, but

C multiplied by t raised to the power alpha multiplied by phi raised to the power beta.



Now t is nothing, but the iteration number. So, we are just going for the next iteration
and that is why we put t is equal to 1 here and C is put equal to 2, these values are
assumed by the user alpha is assumed to be equal to 2 and your beta is also assumed to

be equal to 3 and this is the amount of violation.

Now, if we calculate. So, you will be getting the penalty top that is 10.58 multiplied by
10 raised to the power 24. So, this is a very high value; that means, if there is a violation
of the functional constraint that is not a shape design from the point of view of
mechanical strength and that is why. So, particular the solution has to be paralyzed this is

not a good solution.

So, we will have to remove from the population of the GA. And that is why what you do
is the original fitness F 3 is calculated as 0.22, now we go for the modified fitness now
this is a minimization problem weight minimization problem and that is why this penalty

term has to be added.

And if we add this particular penalty term the modified fitness capital F 3 is nothing, but
small f 3 plus P and if I substitute the numerical values. So, I will be getting a 10.58 into
10 raised to the power 24 approximately as the modified fitness corresponding to this

particular the GA string.

(Refer Slide Time: 23:27)
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String Initial Population (N=6)  Decoded Decoded
No. value for b valve for h

1 1011001 101010111/ 89 343,

2 0011010 000100101/ 2 37

3 0001001 000001101 9 13

4 0001001 000001111/ 9 15

5 1001001 100011001/ 73 281

6 0101011 100010001/ 43 273

'* NPTEL ONLINE

ITKHARAGPUR CERTIFICATION COURSES




So, till now actually we have considered 3 GA string and out of this 3 3 GA string for the
first GA string. For the first GA string there is no violation of the functional constraint
that is this and this and for the third GA string there was a violation of the functional
constraint and following the same procedure. So, I can determine I can find out what
should be the value of b and h what should be the value of the; your the objective

function.

And if there is any violation of the functional constraint using the same principle for the
forth GA string, fifth string and the 6 GA string. Now as I told that this population of the
binary coded GA that is generated at random. And now we will have to find out the
decoded value of these particular real variables and then we will have to find out the real

values of the objective function and so on.

Now, for example, I have already discussed for the past G A stream this is the decoded
value for b and this is the decoded value for this particular h. And similarly for the other
g string I can find out the decoded values and once they have got this particular the

decoded value.

(Refer Slide Time: 24:52)
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Real Value Real Value  Fitness Penalty  Modified
] forb forh P Fitness (F)

f
0142/ 0069/ 1540 // 00 / 1540 ©
oos/ 0012/ J 0w/ o~
0019/ 0007/ 022 /1058108 10.58x10%
0.019/  0.008/ 0.23 /7\5.35x102;» 5.35x10%/
o7/ 0057/ 1048// 00/ 1048/
0071/ 005/  625// 00/ 825/

* Minimum fitness of feasible solutions
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Now I can find out the real values for this particular the b. For example, corresponding to
the past GA string the real value for b is 0.142, these have already discussed,

corresponding to the past jesting the real value of h is this and the fitness I have already



calculated there is no violation of the functional constraint. So, the penalty term will

become equal to 0 and the modified fitness capital m will remain same as the small f.

Similarly, for the second GA string. So, this is the value of b the decoded value of h the
real value sorry this is the real value for this b the real value of h, and this is the function
value there is a fitness value and here there is no violation of this functional constraint.
So, penalty term is put equal to 0 at the modified fitness 0.85 is nothing, but your the
original fitness. Now corresponding to the third GA string the real value of b is this the

real value of h is this the original fitness that is small fis 0.22.

But unfortunately there is a violation of the functional constraint and the penalty term we
have already calculated. So, this is the penalty term. So, the modified fitness will be this
original fitness plus the penalty term and approximately that is equal to 10.58 multiplied
by 10 raised to the power 24. For the fourth GA string this is the real value for b, the real
value for h, the original fitness, once again there is a violation of the function and
constraint and the value of the penalty term is 5.35 in to 10 raised to the power 24 and
this is the modified fitness that is capital F corresponding to the forth GA string for the
fifth GA string.

So, this is the real value for b the real value for h, this is the value of the original fitness
there is no violation of the functional constraint. So, penalty term is put equal to 0. So,
the modified fitness is nothing, but the original fitness for the sixth GA string. So, this is
the real value for b, the real value for h and I can find out the value of the objective
function there is no violation of the functional constraint. So, penalty term is put equal to

0 and the modified fitness is 6.25 and that is same as the original fitness.

So, for the whole population I am able to find out the fitness or the modified fitness and
another thing I should mention here. Now if we see the minimum fitness out of the
feasible solutions. Now here there are 6 solution out of these particular 6. So, this is not a
feasible solution here there is constant violation and this is also not a feasible solutions

are there is constant violation.

So, the feasible solutions are these this and this. So, there are 4 feasible solution and if I
compare the fitness values or the modified fitness values it is better to compare, the
modified fitness values I can find out. So, this 0.85 is the minimum fitness of all the

feasible solutions. So, the minimum fitness of the feasible solution is nothing, but 0.85.



Thank you.



