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Lecture — 37
Predictive Analytics: Machine Learning

Hello everybody, this is Rudra Pradhan here. Welcome to BMD lecture series. Today, we

will continue with predictive analytics and that too coverage on machine learning.
(Refer Slide Time: 00:36)
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In fact, it is also one of the kind of you know fore casting technique through which you
do the kind of you know forecasting as per the a management requirement. In fact, in the
kind of in a forecastings, we have a two different structure linear structure and non-linear
structure. And we can have a different kind of you know situations in a particular
situation, we may have a single variable through which you will do the predictions for
that variables by using different techniques. And in fact, we have discussed so many you
know time series techniques through which you will do the similar kind of you know
predictions with respect to information of a particular variables and the requirement you

know futures.

And again in the other case we can have a multiple number variables through which we
can do the similar kind of you know forecastings that too dependent variable with the

many independent variables. And we can have a you know time series data that is



historical data. And again use the historical data for the future predictions. So, in the
machine learning, we have a similar kind of you know structure, but here we can follow

two different set offs altogether.

Having a first of all a you have to see how many variables are there in the systems, and
how many observations are there in the system corresponding to all these variables. Let
us let us start with a simple structure that is a part with a respective of particular variable.
And then we have to check how many data points are there. And in the time series set
setup technically we may have actually more number of data points so that prediction
and forecasting you know can be very perfect as per the particular you know

management requirement.

So, having actually more number of observation in a particular you know setup so the
time series forecasting typically in the machine learning process. So, we divide the entire
set data into two parts. So, first part you know around 70 to 80 percent, we keep it for
you know model development. And then remaining data points we will keep for you
know you know testings, model testings. Then finally, so the you know develop models
and the kind of you know testings, so we can finally, come with a particular you know
structure that that you know a model is a perfect already for the future forecasting or you

know future prediction.

So, that means, you know whatever we have discussed in the previous lecture with
respect to time series, you know time series forecasting, and that too we used the total
number of you data points for the you know forecasted model. And then we get the you
know forecasted figures then the then the particular you know you know obtain of you
know particular error terms with respect to you know actual values and the kind of you

know estimated value.

So, obtaining the error component with respect to actual value and estimated value, so
we will give you the kind of you know model accuracy. Then through the indicators like
you know mean square or means absolute deviations, means percentage error, we can we
can finally, check the validations and then we can go for the kind of you know

predictions and forecasting.

So, a here in this particular you know lecture, so we will go for you know similar kind of

you know you know similar kind of you know framework. And then we will develop a



particular you know modelling framework through which we will do the you know
forecasting of a particular variable with respect to you know time series data that too
historical data. So, in the machine learnings, we have a couple of techniques; starting
with a artificial neural network, random forest, support vector machines, and then we

will follow a structure called as simulations and the kind of you know data mining.
(Refer Slide Time: 04:29)
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What is ANN

+ Artificial Neural Network is an information processing system that is inspired
by the biological nervous systems, such as human brains information
processing mechanism.

* |t is composed of a large number of highly interconnected processing
elements (neurons) working in unison to solve specific problems.

+ |t is configured for a specific application, like, pattern recognition or data
classification, through a learning process.

* Learning in biclogical systems involves adjustments to some connections that
exist between the neurons.
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But in this in this particular you know lectures, we try to you know cover neural
network. And then we look we will we will follow up with you know random forest and
support vector machines. These are all you know interesting machine learning techniques
through which you do the a you know time series forecastings or you know similar kind

of you know forecasting as per the you know business requirement.

It is actually similar kind of you know times series models, but little bit you know you
know structural difference is there to do the kind of you know forecasting. So, here in the
artificial neural networks, the whole idea or the basic approach is the we have actually
input clusters and these input cluster will be connected to particular you know output

forecasting.

So, we can start with the one input with you know one output or we can start with the
many inputs you know one particular output. Then you know how these inputs are you
know connected properly with respect to time series data. And then we will go for the

output prediction and output forecasting that too with you know the training and you



know the testing so that you know the model accuracy will be perfect for before you start

the prediction and the forecasting.

So, this is one of the a you know interesting technique that is you know ANN artificial
neural network. It is it is an information processing system and usually inspired by the
biological nervous system such as human brains informations processing mechanism. It
is a composed of large number of you know highly interconnected processing elements
that is technically called as you know neurons. And the neurons are you know technically
clusters and classified a and then a it they can be learned properly to develop a particular
you know structure through which you can you know do the kind of you know output

forecasting.

(Refer Slide Time: 06:22)
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* An artificial netiron is a device with-many inputs and one output.

* The neuron has two modes of operation: training mode and using mode.
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So, this is actually typical framework through which actually you can go the you know

output forecasting with respect to the kind of you know input availability. And the usual
structure of you know neural network is like this. So, what I have already mentioned so

we can actually input clusters and our job is to predict the output.

And when we have actually input structure and the kind of you know the prediction of
you know output, so what will we you what will we have here, so we can start with you
know one particular input with one particular output. Then you will do the you know

structuring to do the a kind of you know forecasting. But in the in the other sides, we can



have a multiple number of you know inputs through which you do the similar kind of

you know output forecasting.

So, compared one input with one output it is not so challenging, but when you have a
more number of inputs we the through which you can actually predict the particular
output, it will be very challenging. So, the how these inputs can be actually combined in
a what way in what you know kind of you know in a structure through which you know

the output will be perfect for the kind of you know prediction requirement.

So, this you know simple diagram can narrate the particular structure. So, this is the
input structure. So, this is first hand you know availability. And our target variable is
output which is also you know available. And then a this is the mechanism in neural
network mechanism through which it can a it will help you to process to you know

predict the particular you know output.

An artificial neuron is a device you know with many inputs and one output. So, this is a
you know simple structure altogether in a kind of you know artificial neural network
framework. The neural has a two you know modes of you know operations what I have
already mentioned that is the training mode and the using mode. So, first we know we
use some data to create a kind of you know training structure then we use this training
data for you know you know usable way to predict the output row you know the kind of

you know the kind of you know requirement.

So, what we will do technically. So, the structure is like this. So, with this help of you
know input and you know the particular structure we will go for the output and that too

in a kind of you know modes like you know training modes and using mode.



(Refer Slide Time: 08:48)

A Simple Neuron

+ Training mode, the neuron can be trained to fire (or not), for particular input
patterns.

* Using mode, when a taught input pattern is detected at the input, its
associated output becomes the current output. If the input pattern does not
belong in the taught list of input patterns, the firing rule is used to
determine whether to fire or not.

* The firing rule is an important concept in neural networks and accounts for
their high flexibility. A firing rule determines how one calculates whether a
neuron should fire for any input pattern. It relates to all the input patterns,
not only the ones on which the node was trained on previously.

NPTEL ONLINE

I KHARAGPUR CERTIFICATION €O 105£< =]
LB R A S

So, let us see how is the particular you know structure. So, in the kind of you know

training mode, so the inputs are you know trained properly to predict the output, but in
the using mode so the input pattern can be detected through the training modes, then it
will be finally connected with the output forecasting. So, it is a kind of you know simple
framework through which actually you can do the typical you know neural network

forecasting.
(Refer Slide Time: 09:08)
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Pattern Recognition

* An important application of neural networks is pattern recognition.
Pattern recognition can be implemented by using a feed-forward neural
network that has been trained accordingly.

* During training, the network is trained to associate outputs with input
patterns.

« When the network is used, it identifies the input pattern and tries to
output the associated output pattern.
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And in the in the particular you know neural network structure, so the typical
understanding is you know it is the pattern recognition and this is the one of the
important application you know neural network. So, how to actually recognise the
particular you know structure that is through you know training. And then once you
recognise properly the kind of you know arrangements, the kind of you know
combinations, so that will be a properly you know indentified and connected then the

output need to be forecasted as per the requirement.
(Refer Slide Time: 09:47)

Different types of Neural Networks

Feed-forward networks

~ Feed-forward NNs allow signals to travel one way only; from input to
output. There is no feedback (loops) i.e. the output of any layer does
not affect that same layer.

— Feed-forward NNs tend to be straight forward networks that associate
inputs with outputs. They are extensively used in pattern recognition.

— This type of organization is also referred to as bottom-up or top-down.

— Feedback networks can have signals traveling in both directions by
introducing loops in the network.
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So, now in the kind of you know neural networks, we have a different you know types.

So, in one of the interesting structure is called as you know feed forward networks. And
in the feed forward networks, it is a it allows signals to travel one way only from input to
output; and there is no feedbacks you know that feedback mechanism through which the

output of a particular you know any layer does not affect the same layer.

So, that means, actually we have a kind of you know simple structure and you know
complex structure and this is a kind of you know mechanism through which you know
the connection will be one way, but sometimes we have multiple layers through which

you can do the similar kind of you know forecasting.

All depends upon how you have to train the particular you know you know you know
structure and then we will connect with a kind of you know forecasting structure through

which you will do the forecasting as per the particular requirement. That means, actually



in the training process we have to develop the neural network structure that will be you
know what we call as you know training structure through which you can recognise a
particular signal and that signal will give you the some kind of you know predictions as

per the future requirement.
(Refer Slide Time: 10:58)

Feed-forward networks

— Feedback networks are dynamic; their 'state' is changing continuously
until they reach an equilibrium point.

— They remain at the equilibrium point until the input changes and a new
equilibrium needs to be found.

— Feedback architectures are also referred to as interactive or recurrent,

although the latter term is often used to denote feedback connections in
single-layer organizations.
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And in the you know feed forward you know networks, so the we have a kind of you

know flexibility, we can change every times the kind of you know the kind of you know
structure which is actually a you know one of the you know backbone for the neural
network forecastings. And that is how training stage is very important because we have

to train properly, so we have lots of flexibility different ways you have to you know train.

So, that you know this will give you a perfect path for which we can do the similar kind

of you know forecasting ok.



(Refer Slide Time: 11:33)

] Architecture of ANN

Hidden L&\gﬂf Output Layer
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So, the neural network architecture usually like this. We have actually three different

structure altogether input layers hidden layers and output layers. So, the interesting part
of this particular you know neural network is the hidden layer, so which is not actually a
manually visible, but what is actually visible in our structure is the input layer and the
output layer. And in the input layers, so a in the in the process through which you can
actually develop a structure, all these inputs can be linearly combined and you know then
that that particular combination will be help you to predict the kind of you know output

layer.

So, in this case you know we have actually multiple output layer, but usually we can go
within a single output layer, but here we have actually series of you know input layers.
And these are the typical structures through which actually you will do similar kind of

you know forecasting. We have actually a component called as you know factor analysis.

In neural network structure is a similar kind of you know factor analysis structure
through which you know the input transfer into a particular you know factor combination
and that factor combination will help you to do the kind of you know output predictions.
But how these inputs are you know connected with a particular you know hidden layer
that is the factor through which the a output can be predicted that is very interesting in

the neural network.



So, that means, the you know hidden layer whatever you know layers are there these are
you know weighted combination of the input layers. So, now, the a you may getting the
weights to these hidden layers is a kind of you know interesting a kind of you know
things in the neural network structure. So, once you develop the particular you know
structure so by default so the neural network forecasting will be very effective as per the

particular you know requirement right.
(Refer Slide Time: 13:34)

Network Layers

* Input Layer - The activity of the input units represents the raw information
that is fed into the network.

* Hidden Layer - The activity of each hidden unit is determined by the
activities of the input units and the weights on the connections between
the input and the hidden units.

* Qutput Layer - The behavior of the output units depends on the activity of
the hidden units and the weights between the hidden and output units.
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So, corresponding to this particular you know you know the structure of neural network

so let us see how we can actually process through which you can you know you know do
the forecasting. So, what have I mentioned, so there are three layers input layers hidden

layers and output layers.

So, this is the first hand output and this is the process through which you can connect
these input you know layers. And then finally, that will be connected to the output layer
which is our actually core requirement for this prediction and you know the kind of you

know management requirement.



(Refer Slide Time: 13:58)
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Simple Rule

+ This simple type of network is interesting because the hidden units are
free to construct their own representations of the input.

+ The weights between the input and hidden units determine when each
hidden unit is active, and so by modifying these weights, a hidden unit can
choose what it represents.
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The simple the simple rule is actually how you have to actually you know how many
hidden you know layers you can create and what are the weights you have to actually
you know assign to these you know inputs. So, the training stage is that is why very
important actually. So, because these weights can change as per the particular you know

structure.

So, like you know previous you know the cases like you know moving average models,
auto regression models, we have a plenty of you know flexibility before you fix a
particular you know model for the forecasting. So, neural network also having more such
flexibility because it will be continuously changing as per the particular you know
structure you have to you know manually develop and through which actually it will

finally, give you a perfect structure through which you can do the output forecasting.



(Refer Slide Time: 14:51)

Network Structure

* The number of layers and of neurons depend on the specific task. In practice
this issue is solved by trial and error.
* Two types of adaptive algorithms can be used:
— start from a large network and successively remove some neurons and
links until network performance degrades.

- begin with a small network and “introduce new neurons until
performance is satisfactory.
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So, that is how you know it is a kind of you know challenging, and the most important

challenge is you have to actually develop all these you know hidden layers and the kind
of you know connections that to various weights to be assigned to these inputs before

you go for the kind of you know output predictions.
(Refer Slide Time: 15:11)

Network Parameters

+ How are the weights initialized?
+ How many hidden layers and how many neurons?
* How many examples in the training set?
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And. So, what is important in the neural network is the parameters. So, first one the first

issue is a how to fix these you know weights, and how many hidden layers and how

many neurons, and finally, how many examples in the training set. So, that means, what I



have to mentioned earlier that we have actually the entire data can be divided into two
parts something for you know training and something you know for testing. And how
what should be the kind of you know proper combinations or you know breakups, so that

is very important.

And again so what is the particular you know weights structure and the kind of you know
hidden layer structures and the kind of you know neurons. So, these are actually
important challenge you know important challenges in the kind of you know neural
network architecture. So, once you are familiar with all these things and the kind of you
know changes, so then you are in a position to pick up a particular models and develop a
particular models so that the forecasting will be very effective and very efficient as per

the management requirement.
(Refer Slide Time: 16:15)
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How to Fix Weights
* In general, initial weights are randomly chosen, with typical values
between -1.0 and 1.0 or -0.5 and 0.5.
* There are two types of NNs. The first type is known as
— Fixed Networks = where the weights are fixed

- Adaptive Networks - where the weights are changed to reduce
prediction error.
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And so obviously, they there are standard you know thumb rules or you know general
rules how you have to fix up all these things. Once you start you know processing so
then automatically it is a kind of you continuous stress structure or you know iterative
structure through which actually every time you have to learn and develop, develop,
develop and finally, you have to actually fix as per the particular you know requirement

and as per the best rights.



So, it is a kind of you know flexible structure through which every times we can change
till you get the best results or the best requirement for these kind of you know

forecasting.
(Refer Slide Time: 16:53)

Size of Training Data

* Rule of thumb:

— the number of training examples should be at least five to ten
times the number of weights of the network.
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And the rule of thumb says that you know at least five to ten times the number of

weights or the networks should be fixed during the training times.
(Refer Slide Time: 17:04)

Training Basics

+ The most basic method of training a neural network is trial and error.

* |f the network isn't behaving the way it should, change the weighting of
random link by a random amount. If the accuracy of the network declines,
undo the change and make a different one.

* |t takes time, but the trial and error method does produce results.
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And the break up should be what I mentioned actually you must have a kind of you know

structure through which you know you have enough data through which you can do the



you know testing so that you know the prediction can be accurate as per the particular

you know requirement.
(Refer Slide Time: 17:17)
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Training: Backpropogation algorithm

* The Backpropagation algorithm searches for weight values that
minimize the total error of the network over the set of training
examples (training set).

* Backpropgation consists of the repeated application of the following
two passes:

- Forward pass: in this step the network is activated on one
example and the error of (each neuron of) the output layer is
computed.

— Backward pass: in this step the network error is used for
updating the weights. Starting at the output layer, the error is
propagated backwards through the network, layer by layer. This is
done by recursively computing the local gradient of each neuron.
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And so in the training so the structure which like to develop is called as you know back

propagation you know algorithm and it has actually forward structure and backward
structure. And then you can actually connect accordingly the input layer and the hidden

layer through which you can you know do the kind of you know output forecasting.
(Refer Slide Time: 17:39)

Back-propagation training algorithm

Network
= activation
Forward Step
Error
s PPTOpagation
Backward Step

» |t adjusts the weights of NN in order to minimize network total mean squared error.
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So, the particular you know structure is like this. So, in this case you see here. So, the
green one it is kind of you know forward structuring and the kind of you know the blue
is the kind of you know backward structuring. That means, it is a kind of you know
iterative process through which actually you can continuously work and develop that is
in the training stage before you fix a particular models or the particular structure through

which you will do the best predictions as per the particular you know requirement.

So, again the same actually the indicators you know error indicators we like to use every
times that is actually mean square errors and then you have to see the you know declare
that the model is best fit for the requirement. So, accordingly so the kind of you know
structure is a to how to proceed actually and how to develop the particular you know

requirement that is very interesting in the neural network structure.
(Refer Slide Time: 18:35)

The Learning Process (cont.)

* Recall: Adaptive networks are NNs that allow the change of weights in its
connections,

+ The learning methods can be classified in two categories:
— Supervised Learning

- Unsupervised Learning
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And in fact, in the in the learning stage or you know training stage, so we usually follow

two different kind of you know structure one is called as a supervised learning and
unsupervised learning. So, that means, actually like you know what I mentioned like you
know factor analysis we have explanatory factor analysis, and complementary factor
analysis, here also similar kind of you know structure called as you know supervised

learning and unsupervised learning.



(Refer Slide Time: 19:01)

Supervised Learning

+ Supervised learning incorporates an external teacher, so that each output
unit is told what its desired response to input signals ought to be.

* Itis the problem of error coqverﬁence, ie, minimization of error between
the desired and computed unit values.

* Aim is to determine a set of weights which minimizes the error. One well-
known method, which is common to many learning paradigms is the least
mean square convergence,

NPTEL ONLINE

IIT KHARAGPUR CERTIFICATION €O ocee -
L =N A S

But in the supervised learning so we have to give proper kind of you know commands

and you know structure through which you have to develop the particular you know
linkage the kind of you know layers through which you can you will do the you know

output forecasting.
(Refer Slide Time: 19:16)

Supervised Learning

+ In this sort of learning, the human teacher’s experience is used to tell the
NN which outputs are correct and which are not.

+ This does not mean that a human teacher needs to be present at all times,
only the correct classifications gathered from the human teacher on a
domain needs to be present, J

+ The network then learns from its error, that is, it changes its weight to
reduce its prediction error.
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(Refer Slide Time: 19:19)

Unsupervised Learning

* Unsupervised learning uses no external teacher and is based upon only
local information. It is also referred to as self-organization, in the sense
that it self-organizes data presented to the network and detects their
emergent collective properties.

+  The network is then used to construct clusters of similar patterns. ©

* This is particularly useful is domains were a instances are checked to
match previous scenarios, For example, detecting credit card fraud.

by
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But in the kind of you know unsupervised learning it is not actually the kind of you know

structure like you know supervised where you know no proper guidance is required. So,
you know it depends exclusively on a self actualisation process through which is actually
to develop a particular structure through which that is in the kind of training stage to get
the particular you know you know models through which you can do the kind of you

know forecasting.

So, it is depends upon you know particular you know you know structure through which
whether you go for you know supervised or you know unsupervised. But ultimately we
need actually particular you know structure or you know best structure through which

you will do the kind of you know forecasting.



(Refer Slide Time: 19:56)

’ARTIFICIAL NEURON MODEL

* Inputs to the network are represented by
the mathematical symbol, x,

* Each of these inputs are multiplied by a
connection weight, w,,

SUM = Wy X) + ot WX

* These products are simply summed, fed
through the transfer function, f{ ) to
generate a result and then output.
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The usual structure of you know neural network is like this, you see here. And what |

have mentioned. So, we actually input combinations and these are all you know layers
hidden layers, so that is actually kind of you know you can have more number of layers
like this and all inputs are you know connected with a particular layer with different

weights.

And the assign of a weight or you know change of weights for a particular layer is a very
interesting. So, how these inputs are combined with you know layers hidden layers and
that too you know many layers, and these layers finally, will be connected with the

output of kind of you know.

So, it is a kind of you know weighted kind of you know linear combination of all these
inputs to develop some factors or layers through which you can actually predict the
output. This is actually you know very simple structure through which you can do the
kind of you know prediction means you know similar like you know what I mentioned
kind of you know factor analysis through which you will do the kind of you know
forecasting. So, the challenge is actually the weights and the number of you know which

you have developed for you know the at the particular you know training stage.



(Refer Slide Time: 21:06)

ERTIFICIAL NEURAL NETWORK MODEL

.'f’_'r-‘_ ~ O\

Desired

Neural network

Inpot . Actual
Including .

output layer _fl_. :
putiay connections

/ (called weights)

KN A
\ V"‘r / between neuron
npul layer @\
™ ’

\ \ / -
}ig 2 artficiahagupat neijik’/ model Adjustment of neural network

.

" ' NPTELONLINE
IIT KHARAGPUR CERTIFICATION (O to<E<
L

T EWa r BIM

So, accordingly the particular you know structure will be like this. And because it it gives
you know with respect to a single layers and that is how the inputs a connected with a
particular you know weight structure. And these weights can be changed when you will
change the particular you know you know setups. And the final look will be like this. So,
this the kind of you know complete neural network structure where we have actually
plenty of you know inputs and different layers. So, we develop one particular structure,
but it can have a multi layers and through which output can be connected. So, the this is

what the actually challenging part.

And these are all connected with you know different weights altogether ok. So, once you
know develop the layers and the kind of you know weights and that will give you the
kind of you know output layers through which you will do the you know forecasting. So,
initial inputs then the kind of you know hidden layers we have to create for the you know
output forecastings, so that is the most important challenge or most important you know

task in the artificial neural network model.

And the weight adjustment and the kind of you know number of layers for the output is
actually a very important a particularly at the training kind of you know situations. Once
it will be trained properly and fix the particular structure, then the prediction will be very
perfect. Otherwise it will be you know will be kind of you know you know complicated
structure or you know they may be you know not good for the kind of you know best



prediction or you know best requirement. It is a similar kind of you know time series
model, but the thing is you know we just you know the challenge part is you know fix
how what is the kind of you know weight structure, what is the kind of you know linear
combination or what is the kind of you know hidden layers through which you will do

the kind of you know forecastings.

(Refer Slide Time: 23:00)

lMc::dular I\_If-.'ural Network

Many problems are best solved using neural
networks whose architecture consists of several
modules, with sparse interconnections between
them. Modules can be organized in several
different ways as Hierarchial organization,
Successive refinement, Input modularity.

- NPTELONLINE A

IIT KHARAGPUR CERTIFICATION (O to<ee - i i
- s e )
T EeWa r W PP e an L e 0D

So, likewise we can actually you know proceed for this particular you know structure.

This is another you know visualisation process through which you know because here
the structure is actually starts with you know input layers. And these are all actually
various hidden layers and connected with a simple structure. And then finally, output will

be connected.

It is as usual actually you know you know structure of you know neural network through
which you will do the output forecastings that means, it is typically the game between
input to output. And how these inputs are you know connected you know through their

you know particular structure to predict the a you know business output.



(Refer Slide Time: 23:48)
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ALGORITHM Rule

* The backpropagation algorithm is used in layered feed-forward Artificial
Neural Networks.

* Back propagation is a multi-layer feed forward, supervised learning network
based on gradient descent learning rule.

+ We provide the algorithm with examples of the inputs and outputs we want
the network to compute, and then the error (difference between actual and
expected results) is calculated.

* The idea of the backpropagation algorithm is to reduce this error, until the
Artificial Neural Network learns the training data.
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Accordingly a so what I will do I will give you some of the issues here you know various
issues through which you know what I have already mentioned. So, you know the
algorithm we usually follow the back propagation algorithm that you know multi-layer
feed forward you know and supervised learning through which actually to develop the
models or you know the kind of you know structure through which you will do the a

forecasting.
(Refer Slide Time: 24:12)

The activation function of the artificial neurons in
ANNs implementing the backpropagation algorithm is
a weighted sum (the sum of the inputs x, multiplied by
their respective weights w) 4(x.u)= . 5, Inputs, X

output
The most common output function is the

sigmoidal function: 0,i7)=

l+£‘ll‘ (5wl

Since the error is the difference between the actual
and the desired output, the error depends on the
weights, and we need to adjust the weights in order
to minimize the error. We can define the error  Fig: BasicBlock of Back
function for the ¢ ﬂ}j_ﬂ=[o;¢;j]_a',f output of each propagation neural network
neuron: '

Weights,v  weights, w
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Every time we have to check the error and you know the model final model will be based
on the kind of you know minimum of all these error indicators root mean squared error,
mean squared errors. And the particular you know structure of neural network actually it
is followed by a function called as you know sigmoid functions. And the mathematics

behind this particular you know structure is like this.

And these are all you know various mathematics through which you can means whatever
we have actually architecture here it is not actually just causally developed , but is you
know mechanism mathematical mechanism through which it is connected and like you

know every models we have a kind of you know functional forum.

So, in the neural networks with the typical functional for neural is actually sigmoid and
that is that is what actually the kind of you know sigmoid function is all about. And this
through which you know the weights and the kind of you know structure developed

through which you can do the output forecasting.

(Refer Slide Time: 25:12)

’ * The backpropagation algorithm now calculates how the error depends on the

output, inputs, and weights. g &
rWﬂ
the adjustment of each weight (Awji ) will be the negative of a constant eta (n)
multiplied by the dependance of the “wji” previous weight on the error of the
network. < _,, .,
&, ‘4 !
+ First, we need to calculate how much the error depends on the output

D, D H

—=0,(1-0,)x,
F. F AL

] i.‘:; rAM"_I
* Next, how much the output depends on the activation, which in turn depends
on the weights vy, - -24(0,-4,Jo,(1- 0,1,

W

* And so, the adjustment to each weight will be
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And with this actually I what I can do these are all you know corresponding mathematics

behind this neural network model.
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Neural Network Applications

TECHNIQUE NAME APPLICATION
Signal Processing Sensor Data Analysis, Acoustic Failure Diagnosis, Fault
Detection, Speech Recognition, Noise Cancellation, Radar
Processing.
Image Processing Machine Vision, Fingerprint Identification, Medical Image

Processing, Industrial Inspection

Non-Linear Modeling Risk Analysis, Medical Diagnosis, Chemical Modeling, Real Estate
Appraisal, Capacity Planning, Insurance Claim Validation.

Time-series analysis Economic Forecasting, Stock & Commadity Trading, Weather
Prediction, Sales Forecasting.
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And accordingly a we can proceed. And these are the various neural networks you know

applications signal processing, image processing, and non-linear modelling, time series
structure and the application wise. So, we can have actually couple of areas through
which apply this particular models starting with you know operation you know
environment or financial environment, marketing environment supply chain
environment, medical environment. So, a you know it is a very interesting kind of you

know technique through which you can apply a you know.

But the most important requirement is you know you should have a series of input
combination and the kind of you know theoretical structure or understanding through
which the input and output can be connected. And the most important challenge is the
kind of you know the weight assigned and the kind of you know the kind of you know
hidden layer or kind of you know structures. So, neural network will give you the
particular you know signal through which the inputs can be connected to the particular

you know the output or particular you know requirement.



(Refer Slide Time: 26:26)
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Examples of ANN

+ Modeling Customer Behavior
— Prospect Scoring
— Retention & Loyalty Studies
— Profitability Analysis
— Credit Scoring
— Delinquency & Behavior Scoring

+ Database Enhancement

— Patchy Database interpretation
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So, these are the various examples of you know neural network modelling and you know

we have actually plenty of you know you know case studies through which you can do
the apply this particular technique and do the forecasting as per the management

requirement.
(Refer Slide Time: 26:35)

NN Applications in Marketing Prospect Scoring Example

* Prospect Scoring
- 5 Million Customer Base
~ Initial Sample = 50,000
— 1000 Responded (2%)
— Need to Increase Response to 4%

©

* Information Gathered
- Time Acct. Open (TIMEAC)
— Avg. Acct. Balance (AVEBAL)
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So, to you know highlight this particular problem. So, I will take a particular you know

you know case and then I will discuss how these neural network actually working.
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So, usually you know these are all these are all you know firsthand inputs and squaring

examples it is with respect to average account balance and time account opening with

respect to years.

(Refer Slide Time: 27:07)

Prospect Scoring Example

Time Account Open, Years
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And then these are all non-respondents that means, two different classification all

together, so all the respondents and non-respondents.
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Neural Networks in Marketing Prospect Scoring Example

+ 2 Inputs (TIMEAC & AVEBAL)
* One Output (Score)

— Zero for respondent

— 0ne for non-respondent
*+ Training Set (1000 Cases)

— 500 Randomly from Resp. Pool

- 500 Randomly from Non-resp. Pool

o ' NPTEL ONLINE
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And then finally with the process so we can have here two inputs and one output that is

the score. And the training set is a 1000 cases and 500 randomly a for you know the kind

of you know response pool and 500 for non-response pool.
(Refer Slide Time: 27:36)

Prospect Scoring Example

NN Model Fit
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And finally, with the help of you know training and the kind of you structuring the entire
structure will be developed a model like this. So, this is actually a interesting model
which can be actually developed through these data and that too through neural network

you know structure. So, that means, you just you know see here how the firsthand look



and then how it actually transport to a particular you know setup and that is how the
neural network challenge, and that is how the neural network you know technique all

about.
(Refer Slide Time: 28:09)
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Neural Networks in Marketing Prospect Scoring Example

+  Test Set (1000 Cases)
— Reaming 500 respondents

— 500 Randomly from Non-respondents
* Predict as Gains Chart

~ Model Calculates SCORE for Test Set

- Rank in Descending Order of SCORE

= Add-up No. of Resp. & Non-resp.

— Plot on the Chart
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So, now, in order to you know respond more details, so what I will do I will take a

particular problem and then I will connect with a you know describe how it will work in

a real life scenario.
(Refer Slide Time: 28:14)

Prospect Scoring Example

NN Model Gains Chart
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So, this is actually similar kind of you know structure and every times we have the actual
information and the kind of you know predicted information. And then once the model is
developed, then the developed model will give you the forecasted figures. So, we have
actually information and the forecasted information. And by default you will get the error
component and that error component need to be evaluated and validated before you go

for the final prediction and find out for forecasting.

It is actually a in the forecasting structure the you know final structure will be always in
the wishes of you know validation. And the these are all same whether it is a simple you
know forecasting structures or you know through artificial neural network, but almost all
a rule is same. Before you do the prediction, you should have actually similar kind of

you know framework through which you develop the particular you know process.

(Refer Slide Time: 29:16)
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So, let us you know you know go with your particular examples and I will take you to
this particular you know spreadsheet. And see here. So, this is actually a kind of you
know big problem. So, we have you know you know more number of you know
variables. And starting with you know we have around you know couple of independent
variables; And these independent variables starting from this time through this much.
And then this is the median value and this median value need to be actually forecasted.

So, that means, this is the output variable and that need to be forecasted.



We have actually plenty of data and that is one of the requirement you know biggest
requirement of the neural network. So, that means, actually the entire data what I have
you know done here, so I have classified into two parts and this is what actually the it
test for testing. And it is starts with you know 383 data points; that means, technically.
So, 381 data points we have actually kept for training in this problem. And that too oh
predict this output median value and subject to with respect to all these independent

variables.

So, now, what we will do, so this will be our dependent variable and that will be
connected with a all these inputs, these are all you know inputs. And then so we develop
a particular you know model artificial neural network model so that will give you the
better forecasting about this you know dependent variable. And then finally, once the
model will be developed and that will be connected with you know testing data and this
will be a same data is actually reserved for you know testing. So, once will it you know
connect with you know all these you know testing data, then it will give you the model

accuracy.

So, that means technically so this is the prediction of this dependent variables subject to
these independent variables. And for these independent variables, some data you know
we use that is around 80 percent of the data we are using for the training and to develop
the particular you know structure. And whatever structure we develop that need to be
tested. And for that we have actually kept some reserved data. And then finally, we will
check whether the particular neural network is fit for this you know dependent variable

prediction.

So, what will what we do. So, we can have actually n number of software through which
you will do this neural networks. So, R is the best softwares and you can also do the
through MATLAB. And it is also available in start you know s b s s. And what I am
doing here, so I will I will solve this problem with the excel start and to run this neural
networking excel start, so r package must be installed. And then accordingly so you just
go to this you know neural network structure. So, here is if you click here so there is a

particular you know framework.
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So, the excel you know soft softwares so the neural net you know item is there just you
click there click this particular you know neural network framework. So, the output you
know the particular input box will be coming like and then what it will do. So, we have
already connected. So, the firsthand requirement is the dependent variable. So, this is the
dependent variable which is connected with the a which is connected with this particular

you know requirement that is the median value.

And then we have actually here the independent variable. So, this is actually the
dependent variable, and then it is connected with all these independent variables. And
these independent variables are recognised here. And so this is the indication about the
dependent variable from median value starting with you know unit you know unit one,
and then it will continue with a 381 data points. Then independent variables starting with
you know you know a column to m column so that is how 1 a to m thirty eighty ones.

Then what will go for you know check the options.

And here the interesting part is actually neurons for layers. So, we put actually here 5
and 3 that can be actually changed. So, you can put 4, 3 then; obviously, you can you
know get the particular neurons and threshold value we put actually 0.01. And maximum
step of this you have to repetitions you put a one. And what we have done here actually
so once you put the neurons then the a particular you know functions you have to

indicate and finally, you go to the output and these are the output requirement you can as



per your requirement. But we need actually residuals that is through which you have to
check the particular you know structure. And after knowing all these things so you just
you know put ok, so then continue and by default so the particular you now structure will

be you know yes.

(Refer Slide Time: 34:24)

So, this is what the a particular you know output and then so the output structure will be
output structure will be coming like this. And this is what the neural network output. And
this is what the error component. And these are the following steps which you have

actually have in this particular you know process.
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So, now the entire output will be a developed like this. So, these are all you know
observations and this is what the a median value a actual, and this is what the you know
predicted. And finally, the median value and the predicted value will get the residuals.
So, this is what actually the kind of you know requirement and this is what the residuals
output and this is what actually we have done in the kind of you know time series

forecasting.

So, the actual observations and the kind of you know this is actual observation and the
predicted observation. And then finally, the residuals so that means, the particular model

which you have actually observed through neural network.

And then the actual of the observation of the dependent variable and the predicted
observation of this you know dependent variable will give you the residuals. Then finally
so this is actually available for you know all the data points. And whatever we have
actually a kept for you know trending and the kind of you know testing, then finally, all
these data points we have actually figures so that means technically we have 603, you
know observations and through which you know these are actually error component,

these are all predicted figures. And these are all you know actual figures.
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Trasicusly analysis

Then the residuals will be you know looking like this. And this is game between the
actual structures and the kind of you know predicted structure and through which
actually you do the kind of you know predictions.

(Refer Slide Time: 36:18)
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And so the you know it is a more you know you know elaborative where the you know
residuals or you know plotting here and; that means, it gives you the kind of you now

standard structure. So; that means, as usual actually when we have a kind of you know



predicted structure with respect to the actual. So, some of the error point will be above

and some of the error point will be below.

(Refer Slide Time: 36:26)

Residuahs anabysis

So, this figure by default is actually giving the kind of you know signal about this you
see here. So, these are all actually above to this particular you know predicted line and
this is what the kind of you know below the kind of you know predicted line. So, that
means, the particular you know structure neural network structure for this prediction is
very kind of you know effective. And let us see how is the kind of you know network

structure through which actually we have developed this model.

So, if you go down then you can get to know the kind of you know structure see here is.
And this is what actually prediction for a new data set because your the actual actually
the actual structure in this kind of you know prediction is you have historical data that
too kind the of you know actual informations. And what we have done actually on the
basis of actual information, we keep you know 80 percent of data for you know
developing the model and for you know training the kind of you neural network structure

and then remaining points we have kept for testing.

And once it is final the models then we extend this particular you know future
requirement. So, this is what the future requirement and this is beyond the particular you
know data points. So, it will be start with you know up to 603 that is the actual data
availability.
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And now it would be the predicted figures would be forecasted accordingly. So, here for
next you know requirement as per the particular. So, it will be you know giving you the

kind of you know forecasted output.

(Refer Slide Time: 38:15)
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So, you see here. The software has given you now the particular you know neural
network architecture. And this is what actually the input combinations. So, we have
already we have already taken actually number of you know inputs and these are all

inputs which you have connected. Of course, we have actually given the kind of you



know structure about the training and testing so that is the part of the game of the neural
network. But ultimately the entire model depends upon the architecture of you know
inputs and the kind of you know hidden structure and through which the output will be
predicted.

So, what I have already mentioned you know you see similar kind of you know factor
analysis framework through which you start with you know input combinations. Then
you know develop some kind of you know factors or layers through which these layers
can be interconnected. And then finally, allowed to the kind of you know output to the
actually predicted right. So, this is actually this is how the interesting part of this neural

network architecture.

And the idea is actually here see here. So, this is what the interesting part. So, this is
input and these are all actually the kind of you know the kind of you know you know
structure hidden structures or you know layers or the kind of you know neurons through
which we connect and then finally, the output. So, you see here. So, these inputs are you
know how they are you know connected. So, the particular input with the connected with

every layers like this ok.

Similarly, the second input can be connected with each layers like ok. So, this is actually
you know mathematically or you know kind of you know structure, it will be a very
interesting. So, it is very you know what we call as you know technically call as you
know path structures ok. So, you we have a technique called as you know structural
equation modelling, where you know we can develop the particular you know path then

you connect and then that will help you to predict the output variable.

But the beauty of the neural network is you know it is actually the means the machine
learning process is that you know it automatically you know just you know develop a
kind of you know frame. And of course, you can change the kind of you know layers and
the kind of you know weights and through which you can do the kind of you know
predictions. So, that means, technically it is a very interesting through which you have to
develop the particular you know structure through which output can be predicted with

you know series of you know inputs.

What is the main structure of this you know forecasting is the to predict the output with

you know more number of you know independent variables. It is actually done through



simple regression structures or simple kind of you know time series structure, but this is
another kind of you know you know technique predictive analytic techniques that is the
machine learning techniques through which you can do this similar kind of you know

forecasting.

But interesting thing is that you know means if you if you look the a look into the
particular you know problem. Here the problem objective is to predict the output with
respect to series of you know inputs so that means, till now whatever techniques we have
already discussed so starting with you know simple regression multiple regression and so
many you know time series techniques and against we can you know discuss some other
techniques, and every time the structure is like this you know we have to you know set
with you know dependent variable with you know independent variable. So, dependent
variable with one independent variable or dependent variable with a series of you know

independent variable.

So, these techniques are you know can be you know what we can say that you know we
have a two different kind of you know clusters, one particular clusters see you know
directly you can connect with the particular you know structure. So, independent variable
to dependent variable, and develop the model and then get the estimated model with the
with the help of you know the data. And then you can go for the kind of you know

prediction.

But in the second structures like you know this particular model neural network model
where you know seems same you know structure we used to follow that too you know
connect dependent variable with the independent variable. But the connection between a
dependent variable and independent variables in between so there is a different kind of
you know a kind of you know structuring and the kind of restructuring. Because it is a
kind of you know continuous process through which you can develop the particular you
know layers and that is how the inputs can be actually connected properly through which

the output can be you know processed and the predicted.

It is like you know kind of you know input output analysis. The inputs you know
connected with different you know departments through which you know that will be

finally, coming within output them that need to be predicted.



So, that means, you know a neural network is a very interesting machine learning
process through which a input can be connected properly to predict the output that is the
simple you know kind of you know message through which we can get from the neural
network structure. And that too for the predictive analytic structure and the that too for
the kind of you know business requirement and the kind of you know management

requirement.

So, obviously, so the kind of you know structure which you have already discussed here.
So, the neural network so. So, like you know what I have last slides which you have
already highlighted. So, this is the every times the game is to check the kind of you know
actual structure and the kind of you know predicted structure and find out the error
component. And that error component need to be evaluated again by the by the kind of
inner indicators like mean squared error, root mean squared error and check whether the
particular you know structure or the particular model is appropriate for the a future

forecasting or you know future requirement.

So, once it is a and the model is validate then obviously, you can go for the prediction

and the kind of you know forecasting.
(Refer Slide Time: 44:17)

Neural Network Example
The data correspond to the Boston dataset in the MASS package.

It contains information on the housing values in the suburbs of Boston such as the per
capita crime rate by town, the average number of rooms per dwelling and the median
value of owner-occupied homes.

The goal here is to predict the median value of owner-occupied homes using all the
other variables available.

For the purpose of this tutorial, the initial data has been rescaled and randomly split it
into a train and a test data set.
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So, this is how the kind of you know structures.
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Neural Network Example

The variables used here are coded as,

CHAS  Charles River dummy variable (= 1if tract bounds river; 0 otherwise)
NOX nitric oxides concentration (parts per 10 million)

RM average number of rooms per dwelling
AGE proportion of owner-occupied units built prior to 1940
DIS weighted distances to five Boston employment centres

RAD index of accessibility to radial highways

TAX full-value property-tax rate per 510,000

PTRATIO pupil-teacher ratio by town

BLACK  proportion of blacks by town

LSTAT % lower status of the population

MEDV  Median value of owner-occupied homes in $1000's
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And likewise you we means what whatever examples which I have shown so these are

all you know similarity. And this is how the actually the variable description through
which you have actually shown these particular you know examples. So, the median
value of you know owner occupied sums that is you know the actually real estate
problems and so, the kind of you know structure is connected with you know more
number of you know independent variables and that is how the results which you have

obtained.
(Refer Slide Time: 44:48)
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Neural Network Example: Data file view

chas nox rm age dis rad tax piratio black Istat |ﬂ'|n-civ1
0.000 0.685 0.468 0.952 0.068 1.000 0.914 0.809 0.806 0.385% 0.204
0.000 0.6853 0.26% 0.911 0.037 1.000 0.9i4 0.80% 0.796 0.33% O0.376
0.000 0.461 0.464 0.988 0.067 0.130 1.000 0.798 0.983 0.451 0.191
0.000 0.251 0.484 0.604 0.239 0.304 0.239 0511 0.949 0.253 0.432
0.000 0.564 0.392 1.000 0.014 1.000 0.914 0.809 0.837 0.287 0.509
0.000 0.278 0.494 0.870 0.144 0.174 0.376 O.883 0.994 0.323 0.318
0.000 0.01% 0.746 0.322 0.473 D.OB7 0.109 0.351 0.973 0.038 O.8567
0.000 0.675 0.53% 0.881 0.131 1.000 0.914 0.809 0.986 0.357 0.282
0.000 0.436 0.204 1.000 0.039 1.000 0.914 O.N0% 0.072 0.901 0.207
0.000 0.051 0.607 0.342 1.000 0.174 0.000 0460 0.96% 0.076 0.550
0.000 0,492 0.4%6 0,378 0.04% 0,130 0.477 0,915 1.000 0.462 0.284
0.000 0,730 0.545 0.971 0.085 1,000 0.914 0.809 0.972 0,491 0.269
0.000 0,588 0.61% 0,388 0.021 1,000 0,814 0,809 1.000 0,538 0,184
0.000 0.084 0.586 0.695 0.388 0.130 0.179 0.681 0.997 0.151 0.420
0.000 0.792 0.544 0.876 0.136 1.000 0.914 0,809 0.94470.167 O.444
0.000 0.403 0.444 0.957 0.080 0.043 0.002 0.691 0.956 0.437 O0.307
0.000 0.095 0.605 0.150 0.609 0.261 0.273 0.691 0.992 0.183 0.471
0.000 0.099 0.562 0.160 0.397 0.261 0.271 0.372 0.966 0.192 0.476
0.000 0.107 0.573 0.493 0.439 0.130 0.195 0.362 0.920 0.1536 0.491
0.000 0.403 0.440 0.969 0.074 0.043 0.002 0.691 0.933 0.653 0.273
0.000 0.235 0.43% 0.398 0.255 0.174 0.178 0.702 1.000 0.194 0.336
0.000 0.648 0.283 0.969 0.058 1.000 0.914 0.80% 1.000 0.661 0.104
0.000 0.315 0.363 0.347 0.243 0.130 0.229 06894 0.728 0.273 0.338
0.000 0.559 0.698 0.613 0.089 0.174 0.147 0.043 0.930 0.217 0.8640
0.000 0.492 0.398 0.945 0.077 0.130 0.477 0.915 1.000 0450 ©.207
0.000 0.648 0.477 0.020 0.094 1.000 0.914 0.00% 0.953 0.470
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And these results this is how the input base which have already gone through it.
(Refer Slide Time: 44:50)

Residuals analysis:
'

Neural NEtwork Example' Result Observatior mady 'red{imedv residuals
Obsl 0.204 0.251 -0.048
Residuals analysis obs2 0.376 0.316 0.059
Obs3 0.191 0.220 -0.028
! = e Obhsd 0.422 0.375 0.047
s [=1-11} 0.509 0,544 -0.035
. Obss 0.318 0.302 0.015%
. ® obs7? 0.867 0.843 0.023
" Ob=g 0.282 0.355 0.073
ObsD 0.287 0.259 0.027
s 4 Obs10 0.558 0.512 0.046
Obs11 0.284 0.236 0.048
E Obl2 0.269 0.190 o.079
&l Obs13 0.184 0.191 0.007
Obsid 0.420 0.414 0.008
Obs15 0.a44 0.420 0.024
ObEl6 0.307 0.308 -0.002
Ob=17 0.471 0.444 0.027
Obsls 0.476 0.449 0.028
Obs19 0.491 0.438 0.053
Obs20 0.273 0.297 -0.024
Obs2l 0.356 0,364 -0.008
Obs22 0.104 0.124 0.020
Obs2E 0.338 0,332 0.005
Obs2a 0.640 0.652 -0.012
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And this is how the residual plot team and that is how the differences.
(Refer Slide Time: 44:25)

Neural Network Example: Result

Residuals analysis Residuals analysis
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So, the you know residual plotting are you know giving the kind of you know clue that
you know the model is perfectly for the kind of you know you know this particular you
know housing predictions so that is about the median value of you know owner occupied

predictions.



(Refer Slide Time: 45:16)

Predictions on new sei:

Neural Network Example: Result ———
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So, this is how the neural network you know is for the these are all you know predicted

structure through which you know we started.

(Refer Slide Time: 45:19)

Model chart:
Neural Network Example: Result

cnm

L1
an____

indus

chas

plratic

black

Istat

NPTEL ONLINE

IIT KHARAGPL CERTIFICATION €O to<ee
LA el A R

And this is what we have already seen and this is the beauty of this you know neural
network that means the architect and the kind of you know structure itself is a kind of
you know hike itching and that itself is a challenging for the kind of you know output
prediction. Otherwise the same structure you can do in a simple regression structure or

simple time series structure, but the beauty of this particular you know how to develop



the kind of you know layers and the kind of number of layers. And that too how how
interestingly you can develop so that you know the output can be predicted more

efficiently you know more attractive way.

And in fact, you know it is not the kind of you know beauty it is a kind of you know kind
of you know comparison. The same output and input can be tested with you know simple
regression and through artificial neural network. And then finally, through the kind of
you know prediction indicators like you know mean square error, root mean squared
error etcetera you have to check and then fine the neural network results are you know
coming as per the best then you can finally, predict the particular you know output with
you know neural network only. Otherwise, you can go with you know simple regressions

where the predicted model gives you know better result compared to neural networks.

It 1s not necessarily that you know the problem can be solved through neural network
only this same problem can be solved through other techniques. But now through neutral
network we have a more number of flexibility to check the particular you know structure
and come out with a particular you know model which can give you the best predictions
as per the best requirement and the kind of you know management decision. With this,

we will stop here.

Thank you very much, have a nice time.



