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Lecture — 40
Soft computing tools

Yes we are almost at the end of this online NPTEL course on introduction to sub
computing this is the final lectures, in this final lecture. We will learn about the different
tools which are available to solve, the problem using the different sub computing
techniques that we have learn in the course, in this course we have covered mainly 3 sub
computing paradigms, 1 is fuzzy logic, another it is genetic algorithm, and the neural
network. Now so, plan of this lecture is basically to cover the different tools which are

available in the market, and then it is application how those tool can be used.
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Tools for Fuzzy Logic
Some of the popular tools of Fuzzy Logic are tabulated below
Tool Link Comment
Fuzzy Logic Toolbox hittps:f/in.mathworks.com/products/fuzzy-logic.html Matlab Toolbox
MLF hittp:fwww.unisoftwareplus.com/ products/mif/index html Commercial
LFLC http:/firafm.osu.cz/en/cd9_linguistic-fuzzy-logic-controller-Ific/ Commercial
FisPro http:/fwww?.inra.fr/mia/M/fispro/fispro2013_en.html Open Source
Kappalab https:/cran.r-project.org/web/packages/kappalab findex.html Open Source
GUAIE FUzzY https://sourceforge.net/projects/guajefurzy/ Open Source
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I will give an idea about it and finally, I will discuss about some hybridization approach.
Now, let us first discuss about the different tools which are available to solve some
problem using fuzzy logic. Now there are many tools of course, the some tools are
available as a open source so, you can just simply download the source code, and then
use it as a open source the tools which are available in the market, we have discussed

here



So, these are the last three tools are open source is called the FisPro, then Kappalab and
another is that GUAJE fuzzy. So, GUAJE fuzzy is developed for Japanese scientist
Kappalab is also from Chinese scientist, and FisPro is a open source is a fuzzy group. So,
these are the different open source tool that is available there, other than the open source
there are many sophisticated tools are available in the market to use the fuzzy logic
concepts. So, these tools are called the MLF and LFLC. Now these are the commercial
tools a lot of features are there, and it is very useful now other than this another
commercial tool, another one commercial tool is also available which is very popular it is

called the fuzzy logic toolbox.

The fuzzy logic toolbox is available in matlab software. So, this is the fuzzy logic
toolbox is popular, and I will discuss about the fuzzy logic toolbox how this can be used
to solve some problem using fuzzy logic. So, so, this is the fuzzy logic toolbox that is

available in the matlab toolbox we will discuss about it.

(Refer Slide Time: 03:01)
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Matlab Fuzzy Toolbox

v Matlab Fuzzy Toolbox consist of two useful tools:

FIS Editor: This Editor in combination with 4 other editors provides a
powerful environment to define and modify Fuzzy Inference System (FIS)
variable

Fuzzy Controller: This is a block in fuzzy Toolbox Library in Simulink
environment. This block admits FIS variable produced by FIS Editor and
implements the desirable rules

To start the MATLAB fuzzy toolbox type “ in the command line of MATLAB
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Now, so it is called the matlab fuzzy toolbox. So, if you know matlab then you just in the
matlab if you type the command fuzzy, then this toolbox will be invoked. So, it basically
have very good editor it is called the fuzzy inferencing system editor FIS editor, this
editor basically in combination with 4 other editors which provides a very powerful
environment to define and modify your fuzzy system or it is called the fuzzy inference

system.



Now, you can recall at defining a fuzzy system is basically in terms of fuzzy sets, fuzzy
rules, fuzzy membership functions, fuzzy inference, rule and finally, the inference
engine. So, the FIS can allow you to define all these things according to your own

problem or application, then it also has a very good tool set it is called a fuzzy controller.

So, this is basically is a fuzzy toolbox is a block block in the fuzzy toolbox in the library
called Simulink environment this block allows FIS variable produced by the FIS editor,
and then implements the many rules base system, and then controller that controller you

can define either using mamdani approach or using takako sugan approach.

So, these are the toolbox if you know the concept, and then toolbox are available to you,
then we will be easily able to use the toolbox to solve your problem. Now solving your
solving a problem means you have to decide the fuzzy membership functions for the
different fuzzy element, then fuzzy rule base matrix, then fuzzy inferences all these
things. So, they will allow you to enter all these things in a user friendly manner using

graphical user interface in the matlab toolbox.

(Refer Slide Time: 05:18)
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Example: Understanding Traffic Patterns

In this example we attempt to understand the relationship between the number of
automobile trips generated from an area and the area's demographics. Demographic
and trip data were collected from traffic analysis zones in New Castle County,
Delaware. Five demographic factors are considered: population, number of dwelling
units, vehicle ownership, median household income and total employment.
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Now, so this is the toolbox it is called the matlab fuzzy toolbox. That is there in matlab
right. So, just it is very difficult to include the solution, because 1 want to give an
introduction to all the toolboxes or all the tools that is available to solve the sub
computing problems. So, it is one problem and this problem you can see it is basically

traffic pattern recognition problem using the fuzzy system.



So, so you can decide what are the inputs to this system, and then all for all the inputs
you have to fozify it and then for the all fozified inputs fozify means you have to decide
the different membership function, and then all the membership functions once it is
defined, then you can discuss the rule based system; that means, if then else rule that
basically you have to decide that if this is happen you can recall what is the rule based
system that we have discussed, and all those rule base you can define using these

toolbox.

(Refer Slide Time: 06:18)

Example: Understanding Traffic Patterns
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So, here is basically I mean view of the editors, where the different interfacing function
can be there, and you can just simply using plotter, and plane we can discuss a different
membership function for the different fuzzy elements, and then the different the fuzzy

rule base can be entered, and then we can decide the fuzzy systems or fuzzy controller.

And here the menu it is there which menu you can decide you to finally, adjust your
membership function, and this menu also can give you the link of menus of the different
membership function you can select one for example, you can select bell shape function,
or trapezoidal function, or triangular membership function, and then different parameters
in these membership functions by setting the different value here and then all the

functions can be there.



So, basically this tool will allow you to decide or define all your fuzzy members, or
fuzzy elements for your application. Now so, so this way you can enter every fuzzy

members or fuzzy elements.
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Example: Understanding Traffic Patterns

¥ Notice that all the inputs and cutputs have exactly | " " ™
3 membership functions. The 3 membership | v Nl bt i 7|10
inichaier?  infcheier!  inlchaler)
functions represent the 3 clusters K[w] —

¥ Each input in the FIS represents an input variable in
the input dataset and each output in the FIS
represents an output variable in the cutput dataset

¥ MNotice that the membership function type is [E -
“gaussmf" (Gaussian function) and the parameters |||s== s = ricat
of the membership function are [1.162 1.877], |||m= o i it
where 1.162 represents the spread coefficient of ||| poss Ll
the Gaussian curve and 1.877 represents the P w | e \[
centre of the Gaussian curve |m |
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And then the fuzzy membership functions, and the fuzzy rule base and others. Now once
it is there then you can also know exactly what is the output that the system can be a
given to you it is in the form of fuzzy output. So, for example, for certain input the fuzzy

output which can look like this one.

So, this fuzzy output again can be converted to the creeps output by using some
fuzzification method. So, in the tool based method it will allow you to decide which
fuzzification method that you want to follow, and then after your decision the toolbox
will give the creeps output for the fuzzy values the fuzified values. So, this is a tool that

is there.
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Fuzzy rules

¥ The first rule can be explained simply as follows.

If the inputs to the FIS, population, dwelling units,
num vehicles, income, and employment, strongly
belong to their respective clusterl membership
functions then the output, num of trips, must strongly
belong to its clusterl membership function.
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So, it is basically fuzzy tools that is there in the fuzzy toolbox system, now here also one
example how the fuzzy rule based can be entered into there. So, this basically allow a

graphical user interface to enter the different rules are there.
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So, you can apply it and then the fuzzy rule based system can be developed, and then
fuzzy controller can be implemented. So, so this is the tool that is the there for the fuzzy
logic controller in case of fuzzy tool base, and this basically shows how the output

fuzzification method it is basically how the output can be decided.
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Tools for Genetic Algorithm

Some of the popular tools of GA are tabulated below

Tool Link Comment
Genetic Algorithm Toolbox  https://inmathworks.com/help/ gads/genetic-algorithm. htm Toolbox for Matlab
GEATbx http://www.geatb.com/ Toolbox for Matlab
ECl hitps://cs. gmu.edujeclab/projects e}/ Open Source
Evolver hitp:/fwww.palisade.com/evolver/ Commercial
GeneHunter hitp:/fuw asp Commercial
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Now, so there is a tool and I have just given an idea about the glimpse of the idea about
the fuzzy toolbox that is there in matlab other toolbox is likewise right. So, once you
have the idea about that fuzzy concept then handling these toolbox will not take much
time, but it is a matter of practice. So, basic idea of the practice is that you decide 1
program to be solved, and then decide the different elements that is there then different
rules, and then the inference engine, and then you can allow the tools, then all the steps

that is there in the fuzzy computing can be carried out, and your problem will be solved.

Now, now next let us discuss about the tools for genetic algorithm like the open source
tool there is also an open source tool is available, this one is called the ECJ, this is the
tool is developed by GMU that is a good software or program repository a lot of
programs will be there, and this is an as open source other than the open source there is
there are 2 commercial softwares for the genetic algorithm solving, they are called

evolver, and another is gene hunter.

So, these are the 2 commercial source. Now in the toolbox for matlab again the 2 toolbox
are there 1 toolbox is called the GA toolbox it is called a genetic algorithm toolbox that is
there, and another is also this is for the multi objective optimization solving toolbox
GEAT box. So, it is basically GEAT box is there. So, we will discuss about genetic

algorithm toolbox to solve the optimization problem a single objective optimization



problem, using multi using matlab toolbox. Now, again you have to consider one

application so, that you can practice the toolbox.
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Using the Genetic Algorithm Tool (Matlab)

To start the MATLAB ANN toolbox type in the command line of MATLAB
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Now, it is basically a give an idea about the interface, or editor interface of the toolbox
this toolbox can be invoked by using the command GA tool in the matlab commands,
and then it basically defined many ideas for example, using this interface you can define
what is the fitness function, what are the different constants are there, then what are the
different what is called the interval that you have to discussed, the different parameters
that can be considered, and once you enter all the values that mean constant then
objective functions, different parameters the phenotype genotype everything, then once it

is declared then you can start running the genetic algorithm.

And once the genetic algorithm runs it will give the output from each iteration, you can
check it and then you can stop the running, if you see that output is not changing; that
means, termination condition, and there are many other things that also can be set here
which crossover technique you can use which mutation can be what are the different
selection strategy that you can follow, you can take it there is a top down menu is there,
if you select it. The different fitness assignment method will be there, different selection
techniques also will be there, different crossover techniques are there, you can select

some crossover technique use it, and then run your program to see the output.



So, this is very user friendly one toolbox which we can use it without knowing much
details about, how they are basically working, but what they are supposed to do if you
know and why they are doing like this if you it is known to you then you can use this
tool, and then solve your problem very easily, without any burden without any
programming headache, and even without knowing any programming also, you can use
this tool to solve your problem using genetic algorithm. So, this way this tool is very

handy and very popular among the different students and researchers.

(Refer Slide Time: 13:06)
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Example: Rastrigin's Function

Finding the Minimum of Rastrigin's Function
Ras(x) = 20 + ;% + x, — 10(cos2rx, + cos2mx,)

1. Enter gatool at the command line to open the

; £ Fiiness function: Easl ginsfen
Genetic Algorithm Tool. =

2. Enter the following in the Genetic Algorithm Murnber of variables: !
Tool: In the Fitness function field, enter

@rastriginsfen. Fun solver
3. In the Number of variables field, enter 2, the 7 s randarm stites fram previoue
number of independent variables for Rastrigin's
function. %J_‘_l
4. Click the Start button in the Run solver pane Cumrent generaion:
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Now, here for example, you can try this GA toolbox to optimize this function this one.
So, here basically what you have to do is that you have to enter this is the objective
function, and then parameters that you have to discussed about x 1 and x 2 are the 2
parameters, and then in this case there is no constant mention, you can follow certain
constant about that what is the range of the values of x 1 and x 2 from the link that is

there in the things.

And then once the crossover technique whether it is a binary genetic algorithm or real
value coded genetic algorithm all these things you specify, it will run this and then
ultimately give the solution for this for this of for this problem. Now, if you run this
particularly if you try with these tools, because matlab tool is readily available in

everywhere right. So, you can use this tool and they learn it.
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Example: Rastrigin's Function

Finding the Minimum of Rastrigin's Function
Ras(x) = 20 + x,* + x, — 10(cos2rx, + cos2mx,)

Stabus and resuts: Clear Stalus I
The final value of the fitness e
function when the algorithm Tl oo erat el Neseri g el e
terminated: Function value:

] —
0.5461846729884883 . L
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It will give you finally, the output result like this a this output result for this; that means,
this is the values of our x 1, and some other values of x 2 by this is a values of x 1 and
values x 2 for each this gives you the minimum value, and the minimum value of this is
this one. So, so far the accuracy is concerned it is very highly accurates, and then it will
give it will solve your problem in a real time, and it is very effective and useful, and you
can try solving the same problem once it is using binary GA, then using the real coded
GA then using other GA techniques also, and then you can get the result and which GA
technique gives a better result that you can use it and then finally, solve your problem.

So, these are toolbox is basically there.
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Tools for ANN
Some of the popular tools of ANN are tabulated below

Tool Link Comment
Neural Network Toolbox  hitps://in.mathworks.com/products/ twork.html Toolbox for MATLAB
FANN http://leenissen.dk/fann/wp/ Open Source
Neuro Modeler hitps://sourceforge.net/project deler/ Open Source
WEKA https:/ fwww.cs. waikato.ac.nz/mi/weka/ Open Source
EasyNN hittp://wvew.easynn.com/ Commercial
Encog Machine Learning  hitp://ww heatonresearch.corm/encog/ Commercial
Framework
Statistica http: /statistica.iof Commercial
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So, far genetic algorithm is concerned. Now we will quickly come to the ANN toolbox
there are many ANN toolbox is available some are open source some are the commercial
toolbox. So, these are the open source tool box namely FANN FANN, then Neuro
modeler, and then WEKA. WEKA is very 1 sophisticated and very powerful 1 toolbox to
solve the neural network related problem. And there is also some commercial toolboxes
which are here these are the commercial toolbox, like easy NN then in Encog machine

learning framework, and another is statistica.

So, these are the toolbox, and I have given the link from where all the tool box can be
accessible, those are the open source toolbox can be accessed from this link, and the
commercial toolbox also can be obtained, I advise you to try or practice yourself with a

WEKA tool which is very powerful.

Now, like the GA tools and then fuzzy logic tools, for the ANN also matlab has a very
good tool box, it is called the ANN tool box or neural net network toolbox. So, this is the
link that you can use to access this tool box, if you have the matlab from the matlab you

can just give a command you can give a command.
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Using the ANN Toolbox (Matlab)
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To start the MATLAB ANN toolbox type “ in the command line of MATLAB
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So, that you can it is NN start command NN start command if you type it, then it will
invoke the neural network toolbox in matlab, and using this toolbox lot of problems you
can solve, I have mentioned the many problems for example, it is basically program
related to the regression analysis, these are the program related to the pattern recognition
or classification, and these are the relation regration this is the method for clustering

technique, and this is basically time series analysis.

So, I have mentioned many problems, where the ANN can be used can be applied to
solve all the problem. Now, this toolbox is also very similar to the other toolbox that we
have discussed, in the context of this it is just like a simple user interface by which we

can define.
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The input size the output size, and we can give an input as the training data set to the net.
So, it will take it and then finally, it will model it will learn the neural network, and for
the learning neural network, again you can follow any technique that we have discussed
either supervised or unsupervised or Hevian or Computive learning or any other Turk.
So, toolbox have the all implementation of all the concept it is there, we have discussed
for example, back proportion algorithm for as a Stephen descent method to learn to tell a

neural network.

So, likewise back proportion there are many other training method, also known and then
you can select from the toolbox apply it, and then it will solve for you. So, again like the
other there is no headache for the programmer. So, for the coding effort is concern
coding is by the coding is behind the tool you can use these toolbox as the white box
like; that means, give whatever the specification according to your own judgment give it

to it.

And then system will take it and then system will solve the problem for you will get
ultimately the final result that this is an neual network has been model, and this is the
output. So, for any unknown data if you give this data to the model, it will give you the
result like this one, just like a pattern recognition or classification or clustering this kind
of problems are there. So, only one thing that is very much essential is that you have to

know exactly what is your application, what is the specification of your problem and



how you can use this problem, and then using this problem how you can solve it, and

how the different things can be achieved.

So, this is the different tools related to the fuzzy logic, related to the genetic algorithm,
related to neural network computing, we have discussed. So, it is just introduction and
then ultimately it is it depends on your own practice, and then effort that you can spend
to learn it more effectively, but for learning it requires how you have to decide some
objective problems. So, if the problem is known to you, then you will try all these tools
to solve your problem, and then you can have the idea about that these tools how it

works to solve the problem.

Now, we will discuss about the concept of hybrid computing, we have discussed three
computing paradigms mainly the fuzzy logic genetic algorithm, and then artificial neural
network. Now in case of hybrid computing it is very interesting to know, whether all the
computing that we have learn can be applied to solve a particular problem, or say
suppose both fuzzy logic and genetic algorithm can be applied to solve problem, or say

GA ANN or fuzzy ANN it is the concept and this concept is called a hybrid computing.
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Hybridization

v Hybrid systems employ more than one technology to solve a problem.
v Hybridization of technologies can have pitfalls and therefore need to be done with care.
¥ If one technology can solve a problem then a hybrid technology ought to be used only if

its application results in a better solution.
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Now, for this hybrid computing so, here basic idea about is that you have to know
exactly which program can be solved which computing better, for example if you do not

know precisely about the input, then you should try to solve this problem using fuzzy



logic. If there is an optimization problem you can think about solving GA for example,

GA ANN can be clubbed together. So, ANN can give you the model parameters.

Now GA can help you to decide. What is the optimum number of model parameters that
is required for a particular problem? So in that case it is NN followed by the GA is useful
to solve your program, and it is called the GA ANN techniques. So, like this GA ANN
techniques, there is a GA FLL or GA FL ANN techniques are also there. So, we will

quickly discuss about the different concept in this regard.
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Hybrid Systems

v Sequential hybrid system:
The technologies are used in pipelining fashion;

v Auxiliary hybrid system:
The one technology calls the other technology as subroutine;

v' Embedded hybrid system:
The technologies participating appear to be fused totally.
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Now, any hybrid system which basically requires two or more that sub computing things
and they can be classified into three broad category, one is called the sequential hybrid
systems in case of sequential hybrid system, one technique will be used then followed by
the next technique, it is a pipeline fashion. On the other hand auxiliary hybrid system is
basically to solve one problem, we can follow say neural network, but neural network

will call GA techniques as a subroutine.

So, it is called the auxiliary hybrid system, and embedded hybrid system is basically the
different components of the problem can be solved with the different computing
techniques like say GANN and the ANN fuzzy logic. So, it is basically so you have to
know only, and this kind of systems is basically useful for if the system is very large and

complex so that the embedded hybrid system can be used to solve the problem.
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Sequential Hybrid System

In Sequential hybrid system, the technologies are used in pipelining fashion. Thus, one
technology's output becomes another technology's input and it goes on. However, this is
one of the weakest form of hybridization since an integrated combination of technologies is
not present.

Example: A Genetic algorithm pre-processor obtains the optimal parameters for different
instances of a problem and hands over the pre-processed data to a neural network for
further processing.
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Now, sequential hybrid system that we have discussed about that here as, I told you the
different computings are to be used in pipelining fashion. So, in other words, if there are
different cascaded what is called the functions are there. So, it will basically take the one
techno technology maybe say GA which will produce an output this becomes the input to

the next stage and so on so on.

So, this is basically a sequential approach and gives rise to a sequential hybrid system as
an example, I can say genetic algorithm can be considered as a preprocessor which
basically gives you the optimal parameters for different instance of a problem, and it
basically give the preprocessed data to a neural network, and the neural network use it.
So, the problem can be solved not only accurately, but it is also solved in a more faster
way than any other method. So, it is most the quality as well as the speed can be enjoyed,

if we use the hybrid system.



(Refer Slide Time: 23:45)

s i gl e LED

Auxiliary Hybrid System

In Auxiliary hybrid system, one technology calls the other technology as subroutine to
process or manipulate information needed. The second technology processes the
information provided by the first and hands it over for further use. This type of
hybridization is better than the sequential hybrids.

Example: A neuron-genetic system in which a neural network employs a genetic algorithm
to optimize its structural parameters that defines its architecture.
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So, this is the sequential hybrid system, likewise the auxiliary hybrid system is basically
the as I told you is basically one technology can be used as a subroutine, or it is a
function to solve the other technology. So, it is for an example a neuro neural genetic
system; that means ANN GA combination, in which neural network can be employed a
genetic algorithm to optimize the different structural parameter, and then the optimum
architecture can be obtained. So, this is the auxiliary hybrid system that can be

considered as an hybrid system.
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Embedded Hybrid System

In Embedded hybrid system, the technologies participating are integrated in such a manner
that they appear intertwined. The fusion is so complete that it would appear that no
technology can be used without the others for solving the problem.

Example: A NN-FL hybrid system may have an NN which receives fuzzy inputs, processes it
and extracts fuzzy outputs as well,
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And then embedded hybrid system, as I told you there here the different technology can
be used to solve the different parts of a very complex problem for example, here neural
network, and fuzzy logic, can be embedded together to solve where the ANN which
receives the fuzzy input, and process it and it will extract the fuzzy output, and then

finally, the result can be obtained.

(Refer Slide Time: 24:57)
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Typical Hybrid Systems

5. No. Hybrid System Description

1 Neuro - Fuzzy Hybrid with Multilayer Feed Fuzzy back propagation network
forward Network as the host architecture

2 Neuro = Fuzzy Hybrid with Recurrent Network as  Simplified Fuzzy ARTMAP
the host architecture

3 Neuro - Fuzzy Hybrid with single layer Feed Fuzzy Associative Memory
forward architecture

4 Neuro Genetic Hybrid Genetic algorithm based back propagation
network
5 Fuzzy - Genetic Hybrid Fuzzy logic controlled Genetic algorithm
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Now, as an illustration I can give an example ok, there are few hybrid system therefore,
we can have it is also some tool box also available for the different fuzzy systems are
there, one hybrid system is called neuro fuzzy hybrid with multi layer feed forward
neural network as the host architecture, it basically used fuzzy back propagation

network.

Likewise neuro fuzzy hybrid with recurrent network as the host architecture is basically
called art map the simplified fuzzy some fuzzy problem, and then neuro fuzzy hybrid
with single layer feed forward architecture is also known; it is called the fuzzy
associative memory architecture or tools. The neuro genetic hybrid system is also known
it is basically the genetic algorithm based back propagation network. Similarly fuzzy
genetic hybrid system is also known, here basically fuzzy logic control the genetic
algorithm has been proposed. So, these are the different what is called a hybrid system is
known at present, and it can be used to solve many problems for our problem solving a

domain.



(Refer Slide Time: 26:10)
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Neuro-Fuzzy Systems

¥ Fuzzy logic and neural networks are natural complementary tools in building
intelligent systems.

¥ While neural networks are low-level computational structures that perform well
when dealing with raw data, fuzzy logic deals with reasoning on a higher level, using
linguistic information acquired from domain experts.

v However, fuzzy systems lack the ability to learn and cannot adjust themselves to a
new environment. On the other hand, although neural networks can learn, they are
opaque to the user.
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Now, so neuro fuzzy systems what we have discussed about it.

(Refer Slide Time: 26:12)
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Neuro-Fuzzy Systems Example

Neural

Neural Neml Knowledge Base

Network

Fuzzy Inference T
Decisio RESULT
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Now, here the idea about how the neuro fuzzy system works for you it basically take the
input, as a training data, and this training data is basically for example, some disease
symptoms, then it gives you the neural network, neural network will be trained, and the
trained network will give output for an input, and this output will be used to develop the

knowledge base.



And using this knowledge base the fuzzy inference will be here, now here the neural
output is basically in terms of fuzzy fuzzy input like, and then fuzzy inference give you
the decision this is ultimately result, but it can be feedback to this one so, that it can be
repeat, and the system can be fine tuned and finally, the hybrid system can be decided.
So, this is the idea about that, how the fuzzy how the hybrid system works, and it is for

the neuro fuzzy system that we have discussed.

(Refer Slide Time: 27:09)

L R e S B

Neuro-Genetic Systems

v In neuro-genetic systems neural network calls a genetic algorithm to optimize
its structural parameters

v GA based algorithms have provided encouraging results especially with regard
to face recognition, animal control, and others,

v GA-NN is also known as GANN have the ability to locate the neighbourhood of
the optimal solution quicker than other conventional search strategies.

v The drawbacks of GANN algorithms are : large amount of memory required to
handle and manipulate chromosomes for a given network; the question is
whether this problem scales as the size of the networks become large.
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Similarly, neuro genetic system also can be obtained, and here is idea about how the

neuro genetic algorithm is there.



(Refer Slide Time: 27:12)
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So, it basically the neuro neural network it is there, and all these things are basically
embedded system that we are discussing about; that means, the problem can be solved

using the different components in the different parts here.

Now, it is basically the genetic algorithm we approach, suppose GA and then NN can be
clubbed together to solve the problem like, here the idea about is that so far the genetic
algorithm is concerned, it will start with the initial population, and then so these are all

populations are used to generate the new population.

And this new population will go here, and then it train the network and that the network
once trained it will check that fitness value, if the fitness value satisfy the optimum
criteria it will give the result if not so, again GA then ANN. So, it is basically GANN one
what is called the loop system, and that can be used to solve the problem. So, this is a

concept of neuro genetic algorithm as the hybrid system to solve many problem.



(Refer Slide Time: 28:22)
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Fuzzy-Genetic Systems

¥ The automatic definition of an Fuzzy Rule Base can be seen as an optimization or
search problem

v GAs are a well known and widely used global search technigue with the ability to
explore a large search space for suitable solutions only requiring a performance
measure,

¥ In addition to their ability to find near optimal solutions in complex search spaces,
the generic code structure and independent performance features of GAs make
them suitable candidates to incorporate a priori knowledge.

¥ In the case of FRBSs, this a priori knowledge may be in the form of linguistic

variables, fuzzy membership function parameters, fuzzy rules, number of rules, etc.

These capabilities extended the use of GAs in the development of a wide range of

approaches for designing FRBSs over the last few years.
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Likewise there is a fuzzy genetic system also can be considered here, basically the idea

about fuzzy genetic neural system.
(Refer Slide Time: 28:26)
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So, it is basically genetic algorithm based learning process it is called, and here the input
inference will given fuzzy rule base system will be developed, but fuzzy rule base system
will be develop in terms of the consolation of GA approaches which is an optimization of
the number of rules that needs to be considered to solve your problem and finally, other

output will be there.



So, in this concept there is basically GA, and then fuzzy are embedded together to solve
for certain input to get certain output. So, it is basically the computation system using
fuzzy genetic hybrid approach. So, we have discussed about the tools and applications,
which we can consider to solve our problem, and finally, the most advanced concept of
computing it is called the hybrid computing, where all fuzzy GA neural network can be
clubbed together to solve your problem most effectively, and more accurately. So, with
these things are you want to stop it here, I hope you have understood the basic concept
the course wise in an introductory level. So, the introduction to the different concepts

have been given, and you have enjoyed this class.

Thank you very much.



