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Module - 02
Error, Uncertainty
Lecture - 05
Errors to Uncertainty via Statistics

Welcome to this course on Introduction to Uncertainty Analysis and Experimentation. We are
looking at the 2nd module on Error and Uncertainty. And in today’s lecture, we will see how

errors in a measurement can be converted into an uncertainty on basis of statistics principles.

(Refer Slide Time: 00:42)

Error in @ measurement

Every measurement and result is in error.

NO blunders or manipulation/cooking-up, then errors:
@ Random

— Measuympit umc.
e e Systematic 2

Error = Measured value - Exact (true) value / L
———

o — Rugult Unc.
v

So, uncertainty:
True value lies in an interval about the mean value at a certain confidence level
= L —FY

Mean valine
+£0 riata. "\"
(R umber — urast o )
m%m. 7;:_‘_- fve +Ve

In the previous lecture, we had seen that every error is in measurement, in that there is no

such thing like a exact measurement. And we say now that, if there are no blenders or



manipulation or cooking up of data; then the errors that come into a measurement are of two

types.

One is an error which is random in nature, the other is an error which is we call a systematic
error. The difference has we saw last time that, random errors do not have any fixed pattern,
we cannot predict them; systematic errors we know they are errors, we have some basis of
putting a value on the magnitude of the error, but we still need some basis to convert that into
a statistical estimator. Also we saw that, error is defined as the measured value minus the

exact value or the true value.

And we said that, since this is never known. So, this is never known and so we do not have an
exact number to put on the error of a measurement. What we do instead is to report an
uncertainty that, this is an interval about the mean value whose width of that interval is
determined by the confidence level. And in this interval we say that, there is such and such a

probability here that the true value will lie in this interval.

So, this is the definition of uncertainty and in this entire course and in the entire process of
uncertainty analysis, we always give a quantified number on the uncertainty. Generally this
uncertainty is expressed as plus minus some value, a number. In under the assumption that,

both are equal in magnitude; which means that, the prediction is in the middle of the interval.

So, this is minus uncertainty, this is plus the uncertainty value; this total width, this range, this
is the interval estimate and the midpoint of that is our mean value of the estimate. Our job in
this course is to find out the methods and the reasons behind them to estimate the value of

this.

And we do this entire exercise in two stages, first we look at the uncertainty of a
measurement; then using this and the result formula, we get the uncertainty in the result. So,
that is a process we will broadly follow and we will start by looking at not at this or at this;
but the fact that errors in measurements and in the result, they all will follow a certain pattern

and what is the scientific basis on from which we can get values of these things.
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So, we go back to basic statistics and we will very quickly revise what you would learnt in a
first course in statistics; that what we have first is a concept of a population. And a population
is a collection of all possible values that the variable or in our case the reading that it can
take; that means we have been able to measure each and every thing that is possible and all

the collection of these numbers is our population.

This is a good concept, practically we cannot realize it. Simply because it takes too much
time, it will take too much cost and may in most cases, it is just not possible. So, what we do?
We select a small sample out of this, which is what has been shown here by this line. This is a
sample number 1, we assume further that we do not have any preference by which we select
the numbers that come in the sample; in that what numbers we get, how we get is completely

random.



It does not matter what the distribution of the population was; the numbers we pick up are in
a completely a random manner. So, like that we could have one sample, then shown here this
is another sample; we call this sample number 2. And we can create as many samples as we
want say, somebody say that I will take some data points there, this is sample number 3;

somebody takes these data points there and this becomes number 4.

And if they do not know each other, they may even pick up each other’s points; the values
may come in more than one sample that is what the idea is. So, the fact is that, when you

make a sample out of a population; there are many ways or many samples that are possible.

So, now what are the standard terms that are used to denote what is the population estimator
and what is the sample estimator. For the population, we define the average or the arithmetic
mean as mu; this is nothing but the arithmetic mean of all the values, we add all the values

divided by the number of values that we have.

Then we define the variance which is sigma square, which is 1 upon N summation of all the
values of X i minus X bar square. And the square root of that, the positive value of the square
root of that is the standard deviation sigma. So, this something we probably learnt in school.
The point to note here is that, in statistics as well as in this course we will follow a same

convention that, population estimators are in Greek letters.

So, mu means something related to the population, same thing with others; if it is an error of
an particular reading, we will call it epsilon not e. So, that is the population estimators. Now,
we ask what does my sample give me and that is where this comes in; first we define that the
parameter in both these cases, we call it X subscript i. 1 denotes the ith parameter, which is in

our case in experiments you will have X 1, X 2 like that.

Each one of these is one individual independent measurement. In statistics, it is just called a
number; for us it is more specific, it is a measurement or a reading that comes from a
particular instrument. And we denote this by X subscript i. Now, there is a slight possibility

of confusion, because of the symbols used; if you pick up a book in statistics or any notes,



you will find that instead of X 1, the book uses the symbol X, this is what is widely used in

statistics.

In this course, we have reserved our 1 subscript for an independent parameter. So, in wherever
we find that x is being used in the course, of our course; we will substitute that by X i. So, for
the moment, we will just follow what statistics people have done; we go with X and we say
that there are different samples that were there X 1, X 2, X 3, X n, these are the readings that

this sample had. So, this is what we may call reading in a sample.

So, in this case this would be number 1, this could be number 2, this could be number 3, this
is 4, this is 5, this could be 6, N is 6 in this case. This N number of samples, number of
measurements or numbers in the sample, this is called the sample size. Sample variance we
will come to the definition little minute; but there are two norms that are being used, some
people use capital S square, some use small s square, you will find these two coming

consistently in literature.

Variance of the mean is S square divided by N. So, these are some of the important estimators
of the sample. We will come back to this in much more detail as the course goes on. But what
we have said here is that, we have a population, all the readings are not there; so we cannot

work with the population.

We pick a certain set of readings, call that a sample and start doing statistics on that. And our
objective is that knowing what is there in this; can I predict what is there in the population

that is our ultimate objective.

That means, if I made ten measurements of a particular value from an instrument; using those
instrument those measurements, can I predict what would be the outcome if I made a million

measurements? That is the question and that is where statistics comes in to help us.
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So, just to clarify the point I made just a minute back; what we will use in this course in
uncertainty analysis and most of the uncertainty analysis literature including ISO GUM and as
well as PTC 19.1 and what would you see in text books on statistics. So, this is common and
it says GUM as well as PTC 19.1; we use the symbol X i for a variable or a parameter, which

means an independent measurement.

In statistics this is generally used up and given the symbol X. The measure and identifier
which is the subscript is i; that means what is which is the number X 1, X 2, X 3 which is
some pressure some temperature, some flow like that, in statistics this is not there. They only
deal with one variable; they do not deal with multiple variables; not until you go much later in

the course.



Population average, the arithmetic mean we give the symbol mu; here also the symbol is mu.
So, this is consistent, population variance here is sigma square. Here we give a clarification

that it is sigma square subscript 1; that means it is population variance of the parameter X 1.

So, that is a subscript coming there. Population standard deviation similarly here it is sigma;
here it is sigma with subscript X i1 which tells you that, this is the population standard
deviation for the X 1 parameter. Sample mean of the ith parameter X i bar, sample mean is X

bar. So, we have put the identifier i here; here there is that identifier is not there.

So, wherever there is in this case sample variance is S square or s square, there is no subscript
here; in uncertainty analysis, we have sample variation variance and we specify as to which
parameter or the measure and it pertains to. So, we have s X i square, same thing with sample
standard deviation s with a subscript X subscript i. Standard error of the population, it is

sigma X i bar; standard error of the population here is sigma X bar.

So, this is sigma X bar, whereas here X bar is not put at all; but here it is sigma X i, whereas
here it is sigma X i bar. So, there is a difference between this sigma X i and sigma X i bar.
This relates to the mean of the population; this is the mean of the means, the variance of the

means.

Standard deviation of the mean s X i bar, here it is sigma X bar sorry this will be s X bar. In
uncertainty analysis, we call the sample standard deviation s X i; whereas in the literature in

statistics, you will see the symbol S or small s upper case S or small case s.
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We are clarifying that the sample standard deviation is for the parameter X i. The standard
error of the population mean, which is sigma X i bar; sigma is population, X 1 bar is the mean
of the ith variable. So, this is the standard error of the population mean; whereas in literature

we will just find, sigma X bar or sigma X bar like that.

And finally, standard deviation of the mean which is called the standard error; this is of
considerable importance to us. This has the symbol s X i bar which is s X i bar; whereas in
literature, in statistics text books, you will find s small s or capital S just X bar. So, the main
thing we are doing in uncertainty analysis compare to what is there in statistics is largely that,

we are clarifying that it is not just one default variable as statistics takes it.

But we have saying that we have many parameters in an experiment and each one of them is

the variable as far as statistics goes and we differentiate the statistics of each variable with a



symbol, so that is what we have done here. Whenever we will largely not follow this part;

right now only for some explanation, I am going into some of these parts.

Subsequently and in the notes everywhere we are consistent in using the uncertainty analysis
definition, which as I said is consistent with ISO-GUM and PTC 19.1. So, that is what we

will do.
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Now, here are some of the formula which are there in any course in statistics, beginning
statistics may be even in school you have seen it. So, to recap that, I am just putting it up here
again; the first definition is the sample mean X i bar, in statistics we use the symbol X bar or

may be some people use the symbol X bar.



And this is 1 upon N summation of all the readings X i; that this is a little confusing here,
because X i we have already used for a particular parameter, we could use X i with one more
descriptor, we can call it say j, j going from 1 to N. So, this is X 1, j; sample standard
deviation s square of X i; then 1 upon N minus 1 X i minus X i bar square for all the values

there.

In text books, this is s square or capital S square or in some cases s X square. The sample
standard deviation X 1 bar is the positive square root of the sample standard variance, which

is nothing but the square root of this, which is square root of S square X i the positive value.

And the sample standard error or the standard deviation of the mean s X i bar is 1 upon N s X
1. So, this is the standard deviation of a sample which consists of all the sample means and
this is the sample mean itself, the mean of the values of the sample. So, these are basic
definitions that we have learnt elsewhere; we will use it in all the calculations that come, we

will not spend any more time on this one.
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So, now what is the basis of why we make an interval estimate? So, in an experiment, we
have measured something a quantity, which we call a parameter or a variable or a measurand.
Each time we went and make a measurement of that particular parameter, we got some

readings or observations as we call them.

And they form a set; this set is called a sample. So, one such set of readings is one sample or
as you will find in literature, even in uncertainty analysis, this is a single sample. And as we
saw earlier, many samples are possible; we are not biased, we treat all of them as being good

and reliable and there is no obvious reason to say that we should discard any one of those

samples.

So, we are making that assumption. So, we said that the number of samples is L and we

denote the variable as small 1, which is going from 1, 2, 3 all the way to | capital L. So, for the



ith parameter which is X i, we get different samples and we are using now this notation to

denote that it is coming from a particular sample.

So, we have X subscript 1 in bracket super script 1, which tells you that this is the first sample
or you can call it sample number 1 for the parameter X i. So, X i was some quantity over
measuring say pressure and you took ten measurements of the pressure; those ten readings are

the readings of the sample.

So, like this we have many samples coming in, L number of samples; observations in each
parameter is X i, j for L. So, what it means is that, X i is the parameter we are measuring j
equal to 1, 2, 3, 4, 5, 6 whatever is the every individual reading X i, j which we saw looked at
in the earlier slide. And when all of these is referred to a particular sample, we put the

subscript 1, so that is what this is coming in.

And the mean of this particular sample is the arithmetic mean is X 1 bar with the superscript

1, which tells you that this is the Ith sample of the variable X i.

And using the same formula that we saw in the previous slide, we can calculate the sample
standard deviation which is the sigma subscript 1 I which is Ith sample of X 1 or rather this
will be s i to the power in bracket 1. So, sigma as we said is for a population; so we should be

using small s over here. So, this is s 1 1, which is the sample standard deviation.
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Now, why do we need an interval estimate? What we have is that, each sample is generating a
mean, which we denote by this symbol. And this mean is an estimator of the population mean
which is given here as mu. So, if you want to pictorially represent this, here is the line which
denotes basically values; this thing here is where the true value lies which we never know let

us assume it is there somewhere.

And this symbol is the number we got from the sample mean, which is X i bar 1. We do not
know this part here. And our objective is that we know this and we say well, what can you say

about this; this is what we are going to look at in the next series of arguments.



There are as many estimates of the population mean mu as there are the number of samples,
where each sample is generating 1. We have no specific preference; so there are many values

of sample means and we can do two things with it, treat it as yet another parameter.

So, all these now are individually a sample mean. This forms a set; the average of these
values is X 1 with two bars on top, this is called the grand mean. Now, if you have lot of
samples, we can calculate the grand mean; but we have working in the case where is almost

all uncertainty analysis, we have only one sample.

So, this could be another estimator of mu; but not equal to mu and we will not be using this,
because we do not have too many samples to work with. So, we go back and say look, I am
going to be working with the single sample; the point estimate of the population mean is this,

each mean is good enough.

What is the variability in these this set? This is the question. That means, in a as we seen in
this line here at the bottom; what we have got is that, each sample gave us a mean which is
this and we have listed all of them over here. And we say that, on this number line now; this

is what we were trying to predict, which we do not know and we got all these values.

Each one came from a sample and so we now know all of these values; but of course we do
not know where this is and that is the objective of using multiple samples, we get this data
and now we want to measure this. So, in the end what we end up doing; we say that look,
about any one of these means, sample means, I will specify a range and I will tell you that at a

certain confidence level, mu lies in this range.

This is what we have actually want to do; because from there we will see in uncertainty
analysis, we connect that with the standard error. So, our final result will be of this form that
the population mean mu lies in a certain interval and we will see this at a particular

confidence level.
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So, with that let us see what is happens next. We make a plot and say that this is a number
line, right at the bottom here; this is what we do not know. We have just put it here; you
could have put it anywhere else. And what we showed in the previous picture is that, we had
these values; each one of these this represents say X 1 bar of the first X i bar of the first

sample and so on.

And this represents X i bar of the second sample. And just to show clearly what the interval
are, we have taken up each one of them and shown them separately. So, we take the first one
and say look the value is this much; this dot shows the value and we specify a certain interval

about that which is equal on both sides.



How this interval is specified, we will come to that little later; let say that we have specified
an interval. We do the same thing for every sample, for the second sample which is right here,

we do the same thing; this is its mean value and this is the range of the interval estimate.

Like that you do for the third, fourth, fifth and all so on; some intervals are small as you can
see in this one from here to here, some intervals could be big, like you are seeing in this
particular case. And so, we end up creating; if you had lot of samples, we end up creating a

lot of such points.

So, then we say how can I predict where this thing lies and for that what we say is that, we
will make a band which has got two limits; a lower limit and an upper limit, so this is an

interval 1 interval 1 upper limit.

So, I am saying I make an interval with two limits and this is what I show that I have these
two limits, at the top this is interval number 1 subscript 1, this is the lower limit of that
interval, this is the upper limit of that interval and so I have got this band. And I look at this

band and say, how many of the sample means lie in this range.

And so, in this case we see that there is one here and there is one here; these two lie in this
band. And so, I will say that in this first interval, I have a certain fraction of the means out of

the total number of sample means that lie in this; this tells us what is the confidence level.

So, in this case it was 2 out of 6. So, one third of the means lie within this, this is what is
being told to us. Now, fixing this value equal on both sides, this is our provocative; somebody
can choose a smaller value, somebody can choose a bigger value and so we could have a

different interval.

So, somebody else says that, [ am going to pick up an interval like this and then we draw
these lines all the way up like before. So, this is our second interval Int number 2, this is Int

number 2; this is the lower limit of this interval, this is the upper limit of this interval. And



now what we see, in this interval, we have more of the means that lie in this; in this case it is

these first two are there, then three, four and five, this one is still not there.

So, we say that in the second interval, I have 5 out of 6; in the first interval, I had 2 out of 6.
This was interval 1, this is interval 2. So, depending on how wider interval we use, we will
get greater and greater confidence that, this the population mean would lie in this with;

because we did not know this, we have used this and said that where does this thing lie.
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So, that gives us the idea of the interval estimate and the form of the interval estimate is
estimate of the mean value plus minus something multiplied by the standard deviation of the
mean at a particular confidence level. This is again unknown. So, from every sample or even
if you have just one sample; we got one thing, which is the mean, which is the mean from the

sample and we got the standard deviation that is this one.



And we say that, the population mean belongs to this plus minus this s X s X 1 bar; not S X i,
S X i is the sample mean, this is not the case, we are looking at S X i bar which is the mean of
the standard deviation of the means. And this is nothing but connected in statistics in this

particular way.

And what it does is that, this multiplication factor; this is S X 1 upon square root N, N is the
number of samples this is the sample size. And this multiplication factor which is the number,
what number it takes; this depends on what confidence level we take. So, although this
equation shows that there are two unknowns, there is actually only one; that is if we specify
the confidence level, we automatically get this multiplication factor, which we will call say Z

alpha, confidence level is 1 minus alpha, this is Z alpha or Z alpha by 2.

We will see that in little while, where alpha is level of significance. So, what it tells us in the
practical case, I measured something for X i parameter; I took a some number of readings, we
got the mean, so this is taken care of. We calculated the standard deviation from this, this is
taken care of. Now, I will select what level of significance or what confidence level I want.
And once I select that, I will get this value, which I will put over here, multiply this whole

thing and I will get a number.

So, my final answer then is X 1 plus minus something which is at a certain confidence level.
This is the interval with in which the population mean can be expected to lie; that is our
ultimate objective. Now, the question is; is this limited to this readings coming from a

particular distribution?

Which is that? In this population, we had lot of numbers; did these numbers have a particular
distribution? This is what we are saying. In reality it could take many distributions, it could be
Gaussian; that means we take the normal distribution and generate millions of points, that is a

population size from which we can then randomly take a few points.

So, we will be getting our sample from a normal distribution. Or this could be a rectangular

distribution, which is very easy to imagine; in that if you go to any spread sheet or program



and say I want a random number, it generates a random number with equal probability

between say 0 and 1.

So, there is no particular preference to any one number being more frequent in that
population; that is a rectangular distribution and from that, you pick up some numbers and
that is your sample from a rectangular distribution, there could be other distribution like a

triangular distribution.

So, that means that, these are the numbers and the probability at that this number will come is
given by this value. The Gaussian distribution would have had say value like this and a

rectangular distribution would have been something like that.

These are topics for level 2 course, we will not going to that details of this at this point. But
what we have got is that, here is a method by which I can get the interval estimate that I am

looking for and this I do for each variable in my experiment.
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And just to show quick revision of what is normal distribution or a Gaussian distribution; we
can look up any book on statistics, we define a non-dimensional form of the variable in this
form. And for the variable X i bar, we have Z 1 is equal to this and the normal distribution is
given by this relation. And if you plot this, this side is Z on the x axis; this side is the
probability of that Z and we get a symmetric distribution which is like this with Z values
being 1, 2, 3, 4 like that.

So, if we pick up an interval there, the area that is covered under this; this tells you what
fraction of the readings lie in this band. If you take another thing say from 3 minus 3 to 3 and
ask how many readings live in this; then you will get another number like that, bigger the

interval, more the readings get into this. So, that is the Gaussian distribution.
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Interval estimate for Gaussian distribution

For sample mean X and measurements from a normal distribution,
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Now, we say that, let assume for the time being that we have a Gaussian distribution. Can be
get a more specific formula? In that earlier formula, can I know what that multiplication
factor was? And that is what we have done here; we say that the probability that mu will lie in

this interval from here to here is 1 minus alpha.

So, alpha is the level of significance and we got something coming here, which is z alpha by
2, which is nothing but the value from the normal distribution for that particular value of
alpha. We do not need to calculate it; there are tables, there are charts, there are programs,

there are automatic things in all the spread sheets. So, we do not need to worry about it.

So, we can get this correlation between alpha and z by 2 or 1 minus alpha and z alpha by 2
from all these things. So, you specify one, the other is automatically known. So, that is a

formula that we have from statistics and we say that at 1 minus alpha into 100 percent



confidence level, the interval estimate is X bar minus this times s by N into X bar minus plus
this into s by N; s is a standard deviation of the sample. S by square root N this is standard

deviation of the means.

So, for the ith variable, this is a formula we end up getting, which is X i bar minus this s X i
upon square root N; X i bar plus z alpha by 2 s X 1 bar upon N. Or if you express it in terms
of the standard deviation of the mean, the relation becomes this and in uncertainty analysis,
this is what we will be using most of the time. Here we give it a new name s X 1 bar is the
standard deviation of the mean, this is what statistics teaches us; this is known as the standard
error, which we will in the later on also call it as the standard uncertainty and take it forward

in our analysis. So, that is an important thing that we have got and this is of great value to us.
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Interval estimate for the measurement

Assuming Gaussian distribution, the interval estimate for . is
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So, this is the complete form of the answer that we were just looking at for the interval
estimate, for the X i the ith variable that is the relation. And so, we have in just one line we
will start expressing our result in this form X 1 bar, which the mean value plus minus z alpha

by 2 s X i bar and this is at this much confidence level.

So, here are some representative numbers if z alpha by 2 is equal to 1; we say that 68 percent
of the readings lie in that interval. If it is 2, it is 95.4 percent and we take that as 95 percent; if

itis 3, it is 99.7 percent, we take it as say 99.5 percent.

So, in uncertainty analysis, we will work only with this; we would not be bother about z alpha
by 2 being 1.5 or 2.3 or something like that, we are going to stick with one of these. And in
all uncertainty analysis that we will be looking at, we will report all uncertainty is at 95

percent confidence level.

So, it is this thing that we will be looking at; that means we will be reporting all our interval
estimates at plus minus 2 sigma level. This is now an important thing that we have. This will
stay with us throughout this course and we will come back to it again and again. So, at this
point even if you look up say the specification of an instrument and there will be

manufacturers who will quote that, the accuracy is this much in bracket at 2 sigma.

Or they will say that linearity is this much and they may not tell what it is; but if you see
which standard it is it conforms to it will be ISO GUM or PTC 19.1, in which case it is all

being referred to at 95 percent confidence level.

So, that is how important this is 99.5, 99.7 percent confidence level will come very rarely; in
some arguments we will come across this, almost always we will stick with this. And all
those statistics goes into all other values of this; for this course that is not a concern for us, we

got what we want, which is this thing.
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Expression for interval estimate of a measurement

General expression for interval estimate for i :
X+ 2472 S, at (1— ) X 100 % confidence level

Uncertainties reported at 35 % confidence level, unless otherwise stated.

= 3 496 -2
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Where, 5% » is the standard deviation of the mean, i.e. standard error (uncertainty)
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So, here is what we have the general expression for the interval estimate for mu is X i bar into
z alpha by 2 s at confidence level at 95 percent confidence level which we assume is always

the case, unless otherwise stated X 1 bar is 2 s X 1 bar at 95 percent confidence level.

So, 2 is an approximation, at 95 percent if you go very strictly that z alpha by 2 is 1.96; we
are going to use 2, it increases the range, it is being more conservative in reporting the
uncertainty that is what. So, we are with it; we are not under reporting something. So, s X i
bar is a standard deviation of the mean and something that we will use it in the rest of this

course, this is standard error or the standard uncertainty.
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Summary

« Statistical basis for arriving at the interval estimate for the parameter/measurand
sl s

» Statistics basis - distribution of measurements, or errors

+ Assuming the readings/measurements come from a normal (Gaussian) distribution

« Expression for mean value, and standard error, i.e. standard deviation of the mean

_/ T
* Interval estimate at EF’W
* In uncertainty analysis default confidence level is 95 %, unless otherwise specified

NEXT: Standard uncertainty for estimating uncertainty due to random, or systematic
_ sources of error.
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So, with that we come to the end of this lecture. And what we have done is, we have had a
very quick look, sort of a revision of basic statistics as to what is the sample, how do we get
data from a sample, how do we do calculations on it, and from there we estimate, given

interval estimate for the population mean.

So, we have a statistical basis for arriving at the interval estimate; we saw the statistical basis,
what is the distribution of measurements or errors. Assuming that means come from a normal
or Gaussian distribution; we got an expression for the mean value or the standard error or the
standard deviation of the mean and the interval estimate is specified at a particular confidence

level, which is 95 percent unless otherwise specified.

So, what we have learnt here is basically is that, what we will do in the rest of this course

when we report an uncertainty? We know that we are on sound statistical footing and we are



also aware of what approximations we have done, which from a practical stand point are ok

and so we do what we do.

So, in the next continuation of this, we will then see that having defined this standard
uncertainty; how can we then define various other issues that come in the definitions of

sources of error and start defining sub classification of these uncertainties.
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NPTEL Online Certification Course

INTRODUCTION TO UNCERTAINTY ANALYSIS AND EXPERIMENTATION

MODULE 2 : ERROR, UNCERTAINTY

Lecture 2:  Errors to Uncertainty via Statistics.

CONCLUDED

So, with that we conclude the second lecture of module 2.

Thank you.



