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Lecture — 32
Model Specification- Choosing the Independent Variables (Contd.)

Hello everybody. This is Rudra Pradhan here. Welcome to Engineering Econometrics.
Today we will continue with Model Specification and in the last lecture we have
discussed this issue. In fact, when you talk about model specification it may be either the
involvement of number of variables this issue is either less number of variables involved
in the process as per the requirement which is called as under identification case. And in
the second instance more number of variables involve as per the particular requirement

that is the over identification case.

And we have discussed both these you know issues and we have gone through the
discussion and come to a conclusion that we need actually optimum number of variables
and that to be in the system through which you know model will be free from, all kind of
you know bias and then it can be used for the decision making process. In the second
instance a particular models may be free from all the tests starting with specification
goodness speed test and all kinds of you know diagnostics stills the model may not be

actually good to you know use for the decision making.

If again it is miss specified that to not with the issue of you know variables involvement
over the identification case or under identification case here it is the issue of you know
functional form. Sometimes when you when you estimate a particular you know
equation, so be careful: what is the functional form we have actually specified there. So,
if the specification is not good then by default the estimated output may have some kind
of you know a bias again. So, as a result this model cannot be used for decision making

Pprocess.

Again whatever, maybe the engineering problem, so you so, ultimately we have to again
check whether the model is correctly specified or not. So, there are against lots of
standard checks are there we means the usual procedure is the as per the classical linear
regression modelling that you start with the linear structure, and by using the linear

structure if the estimated model or you know estimated outcomes are passing through all



the kind of you know diagnostics. Then by default the model will be declared as you

know correct specification.

But if there is a some blocks and there is a high chance it may be due to miss
specifications and that too because of you know you know un even functional form. So
that means, the requirement is let us say exponential type, but the use ultimate use is the
linear type. So, now, if you change functional form for and re estimate then by default
the model will be free from all errors or all diagnostics and then that can be used for the

decision making process. So, what is the requirement?

So, the same problem you have to change different kind of you know functional form
then look for the estimations differently and by default you will have different
alternatives. Even if we the model actually correctly specified no harm to re-estimate the
particular you know model means in this case what is happening here the variable pools
are you know constant which we have actually taken care by the previous discussions.
Ultimately we have to declare that you know it is not the under identification case not the

over identification case. So, it is the exactly identify.

So, if that is the case next check of this you know miss specification is the functional
form. So, now, the previous discussion will give you the kind of you know idea that you
know this is what the exact number of variables should be in the system. And now the
question is how these variables against will be in a particular you know setup, is it in a
linear setup or is it in a non-linear setup, and if it is a non-linear setup is it in a
exponential type, is it in a logarithmic type, or is it in a kind of a you know quadratic
forms or polynomial form or whatever may be the kind of you know ways we can

actually represent.

So, ultimately what is the or what is the process? So, what will you do; so number of you
know functional forms you have to create and then again re you know re-estimate, and
check the output with the previous output which we have already as per the miss
specification test and then you declare that you know again the model is correctly
specified with respect to its functional form. It is not that you know correct is model is
correctly specified with respect to variables involvement, it is also required that you
know the model should be declared that you know correct specifications with you know

with respect to particular you know functional form.
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Use and Interpretation of Constant Term

* Anestimate of B, has at east three components:
1. the true B,

2. the constant impact of any specification errors (an omitted variable,
for example)

3. the mean of & for the correctly specified equation (if not equal to zero)

* Unfortunately, these components can't be distinguished from one another
because we can observe only B, the sum of the three components

* Asa result of this, we usually don’t interpret the constant term
* On the other hand, we should not suppress the constant term.
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Let us see what are the ways we can actually check and you know ultimate to go about it.
So, ultimately when you start with you know estimation. So, we have actually a you
know important things what we called as you know beta 0 and beta 1, two important you
know what we called as you know coefficients. So, ultimately the coefficients you know
significance will give you the indication that you know whether the variables is very
important or whether the particular model is the free from all kind of you know bias

before use for the you know requirement.
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So, what we can do here? So, first we will check with you know the model like you
know say starting with let us say we star with Y and X ultimately like this. So, let us say
Y and X. So, usually what we start you know as per classical linear regression model. So,
we start with the connecting beta 0 plus beta 1 X 1 plus error terms this switch weather
there any requirement of beta 0 or whether there is no requirement of beta 0 that itself is
a kind of a you know functional form. So that means, if it is actually no requirement of
beta 0 then the function with linear linearity it can start with like this. And if you involve

you know beta 0 then the model can start with predicting like this.

So, ultimately, so this is for the kind of you know a difference. So, whether the model
will be start with the origin or start with you know above the origin that is what the
intercept is all about. So, this itself is a kind of you know the kind of you know miss
specifications. So, if the requirement is with you know intercept you are bound to have a
intercept. If the requirement is with in origin then you can start within origin. For
instance in engineering economics we have actually theoretical we have a cost functions.
If you are you know means cost function if you say a cost function it is the relationship

between cost and output.

So, now, cost can be variable cost can be total cost when it is total cost. So, it involves
variable cost and fixed cost advantage variable cost, so fixed cost is not there. So, now,
when you are in a spreadsheet showing you know output with a variable cost, so then
you can simply start regressing from the origin because it is the meaningful kind of you
know structuring. But when your excel spread sheet will give you the data of you know
total cost and you know output against all output then you should actually involve you

know intercept. So, because the intercept will take care the fixed cost part.

So, that is the theory will give you the indication whether to start with you know origin
or whether you start with you actually above than origin. Ultimately a even if you have
theoretically you have no clear idea. So, what is the requirement ultimate requirement
that is what the miss specification is all about. You have to check and you know declare
that you know this model is correctly specified, not only with respect to functional form,
but also with respect to the involvement of intercept and you know with intercept
without intercept. So, ultimately you can estimate the model with intercept we can
estimate the model without intercept. Sometimes we can also estimate the model with

you know trend vectors.



So, without constant without two kind of you know trend we can estimate with constant
you can estimate and again with constant and trend you can estimate. So, there are 3
levels you can actually estimate the process. And all these actually checks you are
supposed to do before you declare or before use this model for the kind of you know
engineering requirement. So that means, you are supposed to know what are the ways
you can check and then finally, you can declare that means, the requirement here is miss

specification.

If the require if the requirement is you know the involvement of intercept you should you
know involve beta O if there is no requirement you can skip you know beta 0. So,
ultimately you cannot take a decision until unless you check and you know verify the
results. So, you know you first estimate the model with you know beta 0 and without
beta 0. That is what called as you know for instance if we use a software like you know
spss spss will give you two sets of output with coefficient and without coefficient that is
what called as a standardize and standardize and standardize. The moment you will go
for standardize then by default intercept will be removed in the process. So, it will be
take you to the origin to have the output and again un standardize means it will take you

the kind of you know estimations within you know intercept.

So, this is one way; so, for as a functionality is concerned because ultimately it is the
function between Y and X. So, when I am writing Y as a function of X it may be starts
within origins simply Y equal to beta X or simply we can say Y equal to alpha plus beta
X. So, the both the functions are true but ultimately which one we have to you know use
for the decision making process. So, until unless you check and verify you cannot you
know use this particular you know model for the requirement. So, this itself is a kind of
you know miss specification check you are supposed to do and go ahead with the a

requirement.
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Alternative Functional Forms

*  Anequation is linear in the variables if plotting the function in terms of X and Y generates a
straight line
*  Forexample, Y=, +pX+e
is linear in the variables but the below equation
Y=p,+pXi+e
is not linear in the variables
+  Similarly, an equation is linear in the coefficients only i the coefficients appear in their
simplest form—they:
= are not raised to any powers (other than one)

= are not multiplied or divided by other coefficients

= do not themselves include some sort of function (like logs or exponents)
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So, let us see what are the other way we can actually observe this point and let us say
various alternatives you know. Means one is the with intercept without intercept against

there are various functionals you may have.

(Refer Slide Time: 12:16)

is not linear in the coefficients

* Infact, of all possible equations for a single explanatory variable, only
functions of the general form: | .
: f(Y) = By + Bif(X)

are linear in the coefficients B, and B,
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So, the first one is the linear one so that means, if we say functionality a technically if
you say functionality this one. So, it may be actually two types linear one linear once and
non-linear once. If it is between actually Y and X, Y and X, so the linear representation u

will be like this Y equal to beta X plus u or beta 1 X let us say and Y equal to beta 0 plus



beta 1 X plus u. So, this is the linear without intercept this is with intercept and again
when there is a non-linear, so this will take you to the this basket. Then when it is a non-
linear so then this may be many different forms again with intercept without intercept. So
that means, different levels of you know structuring. So, every levels specify the

functionality and then go for you know estimations.

So, the involvement of data is remains same now we are changing the functional form
and estimating the model. That means, here variables variable is number of variables
involvement is constant size of the data is a constant, what we are checking the kind of
you know miss specification is with respect to functional form. One way we can call as
you know is robustness check having different functional form with the you know
specification of you know number of variables and the kind of you know size of the data
then you are checking that you know whether the model is a correct place specified. Or
that means, technically whether the model is good enough estimated model is a good
enough to go ahead with the predictions or the kind of you know decision making

process.

So, here is the game. So, we like to what are the number of ways you can check you
know or you can estimate the models and declare that this these particular functions
functional form is equal to go ahead with the forecasting. So, this is second levels where
the model is actually Y equal to beta 0 towards X to the power beta 1. And what is
happening here, so the variable means it is not linear in the coefficients the coefficients
are means we will have a two different ways. The variables are linear in natures and
coefficients are linear in natures, and variables are not linear in nature constants are not

linear in natures for a.

For instance in this a in this functions variables are actually linear in format but its non-
linearity in coefficients. So, means all kinds of you know specification will be there, but
ultimately we will check actually and so for as a classical linear regression modelling is
concerned. So, the parameters are you know linear in natures. We like to check the
variables you know structural formality directly. So, let us see how is this particular you

know flow.
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: Linear Form

\“'his is based on the assumption that the slope of the relationship
between the independent variable and the dependent variable is
? constant: 4y

/) =B k=12....K
'\\’ ax, P

Bor the linear case, the elasticity of Y with respect to X (the percentage

P ange in the dependent variable caused by a 1-percent increase in the

'0> f independent variable, holding the other variables in the equation
\\ constant) is: N AYN Ay X X
3 Elasticityy y, MY By
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So, a linear form of you know in the case. Ultimately what will you do in the modeling
after the estimations we like to study the impact of that particular variable with
dependent variable and that is how we line to check the elasticity, ok, we like to check
the elasticity coefficient. So, here is the elasticity coefficient. For instance if it is Y equal
to you know beta 0 plus beta 1 X 1 plus u. So, d yy d X once will give you the beta 1

coefficient variable. So, that is that is the weight you can actually estimate.

So that means, once you estimate the models. So, we can get the beta coefficients that is
elasticity which can represent that you know a one unit change of you know independent
variable what is the impact on you know dependent variables. And the unit change of
independent variable to the dependent variables varies means that particular you know
weight will vary depending upon the various functional form. If the function is linear
once then the particular elasticity may be different and whenever change the functional

form then the weight will be slightly change.

So, that is why a picking up a you know perfect functional form will have a right choice
for the decision making process, otherwise it may give some kind of you know bias
results. So, you must be very careful about this particular you know structuring and that
to first one is the linear form and if a if it is not linear form then we have a different you

know kind of you know labels. So, one of the particular table is actually log form and we



will call as you know log form that means, actually when we when we say that you know

dY by d X ok.

(Refer Slide Time: 17:37)

What Is a Log? N p W«d

+ |fe (a constant equal tqf?.71828) Jo the “bth power” produces x, then b is the log of
X

biis the log of x to the base e if: e” =%’ UO)C
+  Thus, a log (or logarithm) is the exponent to which a given base must be taken in
order to produce a specific number B

+  While logs come in mare than one variety, we'll use only natural logs (logs
base e) in this text

+  The symbol for a natural log is “In," so In(x) = b/means that (2.71828)" = x or, more
simply, In(x) = b means that e? =

*+  For example, since e? = (2.71828)% = 7.389, we can state that:
In(7.389) = 2
Thus, the natural log of 7.389 is 2| Again, why? Two is the power of e that produces
7.389
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So, that is the coefficient through which actually where you know getting the particular
you know weight factor. But now when the functional form will change then ultimately it
will have a different value all together. For instance let us say a you know exponential
type logarithmic means it is a counterpart is the exponential. So, let us say e to the power
b equal to X so that means, so, here actually the value a value e e e value will be added
here into the process to represent the impact of you know X; so, log X equal to b, so

ultimately X equal to e to the power b.

So that means, see here if you compare this ones log X equal to b so that means,
ultimately when I am writing Y equal to beta 0 plus beta 1 X plus u and ultimately X is
nothing but actually log X. That means, we have transfer the data then in that case you
know your X value will be your X value will be e to the power b only. Now, if it is only
X then it is simply b. So, now, e to the power b and b there is a big difference and that is
what the functional form will give you know kind of you know difference and that you
know any minor difference may affect the decision making process. So, that is why this
particular miss specification need to be checked and then it should be declared that you
know the model is you know correctly specified before you use this model for any kind

of you know decision making process as per the engineering requirement.
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What Is a Log? (cont.)

*  Let's look at some other natural log calculations:
In(100) = 4.605
In(1000) = 6.908
In(10000) =9.210
In(1000000) = 13.816
n(100000) = 11.513

*  Note that as a number goes from 100 to 1,000,000, its natural log goes from 4.605 to only
13.816! As a result, logs can be used in econometrics if a researcher wants to reduce the
absolute size of the numbers associated with the same actual meaning.

+  One useful property of natural logs in econometrics is that they make it easier to figure
out impacts in percentage terms (we'll see this when we get to the double-log
specification).
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So, ultimately actually a this is all together understanding of the log and log 100, log
1000, log you know 1 lakhs like that you know how what is the weight we can actually
put we have already put you know log e here and then log 10s, log 100. So, that that is
the value actually that means, the weight of this particular variables will be you know
added you know in a multiple ways. So, that is why a transferring the kind of you know
variables and the kind of you know a functional form will have a different kind of you
know weight structure and the different kind of you know kind of you know outcome
altogethers.

So, so that means, technically the summation is that you know it is the or it is a kind of
you know a mandatory requirement to check this particular misspecification that to with

respect to various functional form.
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Double-Log Form

*  Here, the natural log of Y is the dependent variable and the natural log of X is the

independent variable:
InY = By + By InX, + B, InX, + ¢ \j ohe

* Inadouble-log equation, an individu

slon coefficient can be interpreted a

elasticity because:
A(ln¥) AV i
B A%y~ KN, Elasticityy y,
*  Note that the elasticities of the mode| areConstant and the slopes are not 1
*+  This is in contrast to the linear model, in which the slopes are constant but the elasticitiés

are not
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So, here if it is log then there are 3 forms, either you know kind of you know double log,
or it can be a semi log or it can be you know either way with you know original variables
with log variables. So, that is what kind of you know semi log and the kind of you know

reverse way also.

So, if it is a double log then that means, both the sides you have to take the a kind of you
know logarithmic for instance dependent variable and independent variables. So, this is
the right choice. Here the ultimately we have variable Y X 1 and X 2 we can simply start
with Y'Y equal to beta 0 plus beta 1 X 1 plus beta 2 X 2 plus U ok, but ultimately a you
can go ahead with estimations and had the output that is what called as you know output

with respect to linear functional form.

Now, what will we do? We change the orientations now instead of Y X 1 and X 2 we
transfer the data log Y log X 1 and log X 2. So, now, this same models we can you know
estimates, but here the data will be not the original data or the actual data it is the
transfers data and the transformation is the logarithmic transformations. So, ultimately
we have to instead of Y we use logo Y instead of X 1 we will use log X 1, instead of X 2

will be use log X 2 and the difference will take care actually at the elasticity level only.

So, here it is not d Y by d X ones it is the d log Y by d log X 1. So, this will give you a
different kind of you know (Refer Time: 22:31), so log. So delta of log Y means if you
simplify it is actually the kind of you know elasticity coefficient. So, Y by X divided by



d X so that means, Y by X that is the coefficient has having more you know another
weight will be added into this particular process if you change that particular function
functional form. So, means a simple to some you know develop functional form. So, that

is the difference you will find here.

(Refer Slide Time: 23:03)
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InY = fig+ 3,inX, + finX,

1] X, (] CHelding X, constant) =

Figure 7.2 Double g Function

Depending on the values of the regression coeflicients, the double-log functional form
can take on a number of shapes. The left panel shows the use of a double-log function
o depict a shape uselul in deseribing the economic concept of an isogquant or an indif
ference curve, The right panel shows various shapes that can be achieved with a double
log tunction if X, is held constant or is not included in the equation,
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And that that is how there is high requirement of you know checking the miss
specification of the models by changing the functional form. And you see here and this is
how the you ultimate you know graphical look about the you know estimations and it is a
logarithmic function. So, plotting can tell you somehow you know like you know we
need theory to integrate. So, what kind of you know functional form we can use whether

it is the log X or simple X or log Y or with the simple Y.

So, after plotting a you can get to know little you know structure. Even if you know you
cannot able to plot. So, no harm actually you just arbitrarily change the format and then
re-estimate and again a compare these outputs and finally, declare that this is the
functional form through which you know model should estimate and then the estimated

outcome can be used for the kind of you know engineering requirement.
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Semilog Form

+ The semilog functional form is a variant of the double-log equation in which
some but not all of the variables (dependent and independent) are
expressed in terms of their natural logs.

* It can be on the right-hand side, as in:

@ B + B@+ ﬁzx)f ¢
+ QOritcan be on the left-hand side, as in:

InY =By +B,X, +BX, +€
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So, that is the choice and you will have different kind of you know setup. So, a if not
double log and then we have a semi log. So, here Y is the original actual and X 1 is
actually transport X instead of original X 1 so we will use log X 1, and then again X 2.
So, that that is a allowed. So that means, log Y and X 1 and X 2 against Y with log X 1
and log X 2 against Y with log X 1 and X 2 and another way Y X 1 with a X 1 with log
X 2.

So that means, these are all various options single log, double log against you can
actually allow another log both the sides and then you can go ahead with the estimation.
Ultimately doing all this things you are normalizing the data, and ultimately there is a
high chance the accuracy of this particular estimation will be very high. Not only always
true, but sometimes it is also it is you know it is the fact, so no harm again. To do this
processing re-estimate and then re-check the kind of you know out come and then

compare and declare which one is the final choice as per the particular requirement.
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Semilog Functions

¥ o g+ PBaXa)
& [ InX,

Py=0

¥ i & X+ PBaXy

0 X, 0 X,

AHokding X constn g O Halaling X 5 corsian

Figure 7.3 Semilog Function
Thae semilog i i

Al form on the right (InX) can be used w depict a sitnation in
which the img ¢

on Y s expected o increase al a decreasing rate as X gets bigger
as long as i is greater than zero (halding X, constant), The semilog functional form

on the lefi (InY) can be used o depict a situation in which an increase in X causes ¥ (o
increase at an increasing rate.

wil
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So, this is the graphical look of you know semi log functions, ok.

(Refer Slide Time: 25:46)
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Polynomial Form

* Polynomial functional forms express Y as a function of independent variables,
some of which are raised to powers other than 1

* Forexample, in a second-degree polynomial (also called a quadratic) equation, at
least one independent variable is squared:

Y= Bo+ By + ByX,i) + By

+ The slope of Y with respect to X, in Equation is: Ay _ By + 28X,
AX,

+ Note that the slope depends on the level of X,
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So, if not actually single log, or double log or semi log or not linear then there can be
another form also that is called as a you know polynomial. Polynomial is actually
multiple kind of you know structure with you know single degree means polynomial of
order 1, order 2, order 3. Like you know that means, the moment you restart you know

using polynomial forms so you can have actually multiple option all together.



And again it will give you lots of you know alternatives that to with respect to functional
forms. So, you just specify the functional form and then you go ahead with the
estimation. So, polynomial of degree 1, polynomial of degree 2, polynomial of degree 3,
polynomial of degree 1 is nothing but called as you know linear format if not then it will
start with you know quadratic cubic and so on and every times you like to check whether
the particular functional form is very effective a separate you know theory and data and

the kind of you know engineering requirement is concerned.

So, for instance if you say polynomial at least one of this particular variable should have
you know polynomial structures that is the degree should be starting with you know
second degree. So, it is in a quadratic format and where we are integrating Y with X 1
and then X 1 here and with you know X 2 sometimes you know you know it doing this
the estimated process will be very effective and it will add value to the systems and as a

result the decision making process will be very efficient all together.

So, again there is no harm to you know use this form and re-estimate and check and
verify the output. Ultimately it is the it is the search process and in the search process
there is a opportunity cost. So, every time you have to check which one is the good you
have to jump you have to kick the you know the other one. So, like that this is the
procedure you have to follow and then go ahead with the kind of you know prediction

and decision making process.

(Refer Slide Time: 28:12)
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So, this is the polynomial form of the you know graphics and that to polynomial of
degree two and when the increase the degree. So, ultimately graphical you cannot check
what you can mathematically you can connect and estimate, there is a there is no harm at

all.

(Refer Slide Time: 28:32)
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Inverse Form

» The inverse functional form expresses Y as a function of the reciprocal (or
inverse) of one or more of the independent variables (in this case, X,):
Y= By + By(1/Xy) + BX + €
» So X, cannot equal zero
» This functional form is relevant when the impact of a particular independent
vafriable is expected to approach zero as that independent variable approaches
in mlty i |5|

Ay
» The slope with respect toX, is: = o

» The slopes for X, fall into two categories, depending on the sign of B,
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And you can also have inverse functions. So, now that means, technically same way Y X
I and X 2 instead of using log X 1. So, we can use actually 1 by X 1, ok. So, against we
are actually standardizing the particular you know variables. So, doing this sometimes
you know relatively reduced and in that case the model accuracy maybe high but while
doing this. So, be ensure that you know data will be very supportive for instance one of
the conditions by using inverse function is that you know X 1 cannot equal 0. So, in the
dataset if X 1 is coming in any sample is coming 0 so by default you cannot use this
particular you know functional form, so that is the you know restrictions or we can say

that you know conditions to use you know inverse form.

So, when you use inverse form first check is that you know check whether any data for a
particular variable is having 0 or non zero. If it is having at least one 0 then it should not
use this ones because 1 by 0 by ultimately it will give infinite and when we use the this
you know value and software then the model will not run and ultimately will not get any

kind of you know outcome.



So, that is why before you start the process you must sure that you know it is satisfying
the criteria of inverse functions and then build the functional form and re-estimate the
model. And again check the reliability compare with the other one and then see whether
there is improvement or not if there is improvement go aheads and then you block the
airs that itself give you the kind of you know what we can called as you know

specifications.

Other, the moment you will be say that you know for instance you estimate the model in
a linear form and then you re-estimate the model in inverse form and you will found
there is better result here. Then by default the previous one will declared as you know
miss specified model. So, you use the inverse form of estimated output and that will that
output by default will be declared as you know correct specification that is what the flow

you have to maintain every time.

(Refer Slide Time: 31:03)
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Filgure 7.5 Inverse Fur

Inwerse (o« al forms allow the impact of an X, on Y o approach
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So, this is the graphical look of you know inverse functions.
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Summary of Alternative Functional Forms

Table 7.1 Summary of Alternative Functional Forms

Functional

Form Equation (one X enly) The Meaning of 3

Linear Yi = Bo + BiX; + & The slope of ¥ with respact 1o X

Double-log InY; = By + By InX; + ¢ The elasticity of ¥ with respect to X

Semileg (InX) Y, = By + B InX; + g The change in Y (in units) related to a
1 parcent increase in X

Samilog (InY) InY; = By + B X + ¢ The parcent change in Y related to a
ona-unit increase in X

Polynomial Y; = By + B1X; * [*...)(',' + €; Roughly, the slope of ¥ with respect to
X for small X

Inverse Y= By + |i,(;|) + a0 Roughly, the inverse of the slope of ¥

with respect 1o X for amall X
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Ultimately we have no business about the graphical loop, it is how it the requirement
ultimate requirement is the estimated model output. And we like to check whether the
model output is very good by changing the various functional forms; so, if start with
linear check the diagnostics and again check the miss specifications by fixing the
optimum variable structures. And then again look for the various functional form and
then finally, you declare that you know the model is actually correctly specified and free
from all the all the errors and I have gone through all the diagnostics and then the model
is ready to apply for the decision making process and to solve some of the engineering

problems.

So that means, it is not so easy actually it is very complicated again, and its very time
consuming process, but it is the need and it is the requirement. Until unless you do all
these processing you cannot get a good models and you cannot declare that you know
this is the model through which you can do the decision making as per the particular you
know engineering requirement. By the way these are all mandatory requirements and you
are bound to check and then you will be declare that you know model is you know
correctly specified, and the best, and then can be used for the kind of you know

particular engineering problems requirement.

With this we will stop here and this is all about the diagnostics of you know engineering

econometrics, and in the next lectures we will be starting with you know non-linear



econometric modelling. So, where we have a various forms of the models and some of
the engineering problems requires such kind of you know modeling to forecast or predict
the engineering output or you know engineering requirements. With this we will we will

close this lecture.

Thank you very much.



