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Lecture35
Expected Variance Decision-Making under Risk

Welcome to the lecture on decision under risk and uncertainty, third lecture. We will discuss
in this class about the expected variance decision-making. Basically as we know, these are

the statistical parameters which are used to know how much accurate you are predicting.

So basically in the earlier lecture we had calculated the expected values by taking the
probability values of every options into account and we calculate the expected values or the
mean values and based on that we have to decide which of the alternative should be selected.
But many times the mean values alone cannot be the decisive factor because we can come to

a situation where the mean values does not differ much.
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EVALUATION USING EXPECTED VARIANCE

* In addition to using expected values, few situations required
variance of variables also to be taken into account.

+ More redlistic representation of uncertainty is made by
knowing the variability in addition to expected values.
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In that case the variance of the variable must be taken into account. Basically there is more
realistic representation of uncertainty when the variability is taken into account. So we will
see it by solving an example which will show that how variability can tell us more accurate

prediction and we feel more confident in representing our results.
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EXAMPLE

+ The probability distribution of realizing present worth from three
mutually exclusive projects (P,, P, and Ps) developed by a
company are as follows:

Which of the project alferative p’*:t::r‘:r"“ Projects

can be considered to be most bl P, Py

attractive using the expected |—2 03 | o1 | o

value and the variance for X 00 | 02 | o1

each probability distribution. bl 01 03 02
60 0.2 0.1 03
75 0.2 0.1 03
90 02 02 0.0
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Let us see one example where it is written that the probability distribution of realising present
worth from three mutually exclusive projects P1, P2 and P3 developed by a company are as
follows. So basically you have the three projects and you can have these present worth values
and the probability associated for getting suppose present worth of 15,00,000 is point 3.
Similarly probability associated with P1 for getting 30,00,000 of present worth is 0 and so on.

So basically you have three projects and the probability distribution is shown for this which
will yield this corresponding value of present worth. Now in this case as we will proceed, we
will find first the expected value or the mean value but then we will also find the variance and
then we will see that how you can predict that the results using expected value as well as the

variance using each probability distribution. So let as solved this problem.



(Refer Slide Time: 08:47)

g’;Fu«) Vaduw
P’?Jw P Ghukn veha: [5x034(300)  (H¥01)1 (60X02) +(75%02) - (apy 1)
; |
=g L5404 45 +)2 +15+/8 = 54 Lakhs
f?‘)“‘V: Gppuokad vales [1630.1) +[30x02) #isx03) + [0 1) H75201) 4(q0¥ 02
4 (
= ‘rg.,(,¢v;§,4§/'44‘5 - 525 laxks
ev03 )+ (Q0x0)
\ re02) 4+ [Lox03) +76¥03)1 1
130%0.1)+ [ 4Sx02) 1 (60X 0
- 2 e = (jck01) + (30x01)+(
DB A Guia v 2 5T, ey
(S L 1.G4349 (87225 7 54 Lws

Now what we see is that if you go using expected value, what we see is, you see that you
have 15,00,000 and for that your probability with first project is point 3. So if you take for
project P1, expected value, it would be nothing but 15 multiplied by point 3 plus 30
multiplied by point 0 plus 45 multiplied by point 1 plus 60 multiplied by point 2 plus 75
multiplied by point 2 plus 90 multiplied by point 2.

So this comes out to be 4 point 5 plus 0 plus 4 point 5 plus 12 plus 15 plus 18. So 33 plus 45
and plus 9, so it is 54. So if we get the expected value of 54, then let us see for project P2. For
project P2 in the similar fashion we can get the expected value. It will be 15 times point 1
plus 30 times point 2 plus 45 times point 3 plus 60 times point 1 plus 75 times point 1 plus 90
times point 2. So this much comes 1 point 5 plus 6 plus 13 point 5 plus 6 plus 7 point 5 plus
18.

So 31 point 5 and then 45, this is 51 and 52 point 5, lakhs of rupees. Let us go to the Project
3, so for that the expected value will be P1 so that will be 15 multiplied by point 1 plus 30
multiplied by point 1 plus 45 multiplied by point 2 plus 60 multiplied by point 3 plus 75
multiplied by point 3 plus 90 multiplied by 0. So this will be one point 5 plus 3 plus 9 plus 18
plus 22 point 5, so this is 54.

Now what we see is, using the expected value criteria, we get the expected values for the
project P1, P2 and P3. Under the given probability distribution we get the expected value is
54, the 2 point 5 and 54 lakhs. Certainly we will prefer this end this but then since they are



matching and you will see that it will be very close, so it is advisable to go for the checking

of the variability and for that we will find the variance.
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So based on these values, we will find the variance, find variance. Now for finding the
variance we will use the formula variance will be equal to expected value of present worth
square minus the value of present worth of and its expected value and it square. So we will
find the variance for project P1. For project P1, the variance will be, we will have we have
this 54,00,000 but we have the 15,00,000 individually for this probability.

So first of all we will get the expected value of the square of these values. So we will have 15
square into point 3 plus 30 square into 0 plus 45 square into point 1 plus 60 square into point
2 plus 75 square into point 2 plus 90 square into point 2. So we will have the values like this,
225 multiplied by point 3 and this will be subtracted with the value of expected present worth

which is calculated as 54,00,000, so it will be subtracted from this amount.

So this is coming as plus 0 plus 2025 into point 1 plus 3600 into point 2 plus 5625 into point
2 plus 8100 into point 2 minus 2916 and this we can compute using the calculator, sorry. So
this will be the 7 point 5 plus 202 point 5 plus 720 plus 1125 plus 1620 minus 2916, so this is
coming out to be 819. So this is the variance for project 1. Let us see the, so in this fashion

we have to calculate the variance for all the projects.
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+ The probability distribution of redlizing present worth from three
mutually exclusive projects (P,, P, and Ps) developed by a

company are as follows:

Which of the project altemative
can be considered to be most
attractive using the expected
value and the variance for
each probability distribution,
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Present Worth Projects
(Lakhs) ) b, b,
15 03 0.1 0.1
30 0.0 0.2 0.1
45 0.1 03 02
60 0.2 0.1 03
75 0.2 0.1 03
90 0.2 0.2 0.0

Let us calculate variance for project 2. So let us write here, we have the expected value
project P1 as 54,00,000, P2 is 52,50,000 and P3 as 54,00,000. We have got expected

variance, we are calculating and for project P1 it has come out to be 819, now we will

calculate for P2 and P3.
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So for P2, for P2 again it will be 15 square multiplied by point 1 plus 30 square multiplied by

point 2 plus 45 square multiplied by point 3 plus 60 square multiplied by point 1 plus 75

square multiplied by point 1 plus 90 square multiplied by point 2 minus we have to get the

square of this expected value, that is 52 point 5 square.



So this will be equal to we have 22 5 multiplied by point 1 plus 900 multiplied by point 2
plus 2025 multiplied by point 3 plus 3600 multiplied by point 1 plus 5625 multiplied by point
1 plus 8100 multiplied by point 2 minus it will be 2756 point 25. So we can further add them,
so it will be 22 point 5 plus 180 plus 607 point 5 plus 360 plus 562 point 5 plus 1620 minus
2756 point 25, so it is coming out to be 596 point 25.

What we see is that all the P1 gives 54,00,000 of expected value and P2 gives 52,50,000, the
variability in terms of the parameters known as variance, 81 9 is for the project P1 and 596

point 25 is there for project P2. Let us calculate for P3.
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For P3 variance will be 15 square into point 1 plus 30 square into point 1 plus 45 square into
point 2 plus 60 square into point 3 plus 75 square into point 3 plus 90 square into 0 minus the
expected value was 54 so its square value and that is 2916. So we have 22 point 5 plus 90
plus 105 plus 1080 plus 1687 point 5 plus 0 minus 2916. We can get this value, it will be 22
point 5 plus 90 plus 405 plus 1080 plus 1687 point 5 minus 2916, it is coming out to be 369.

So what we see is, that project P1 was giving us the expected value of 54,00,000, P2 was
giving 52,50,000, P3 was giving 54,00,000, so we could have preferred P1 and P3 instead of
P3, however, it is difficult at this stage which one to decide whether P1 of P3. So in that case,
it is better to go for the variance studies. Once we calculate the variance, what we see is for
P2 it comes 596 point 25 and for P3 it comes as 369.

So it is seen that the variance value of P3 is the minimum. In that case, P3 should be

preferred. So we can say that since expected values of project P1 and P3 are same at



54,00,000, the variance value for P3 is smaller than P1. Basically it is smallest of all, so P3

should be preferred, should be the preferred choice.
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So basically this is how when you have this type of cases where the expected values are
nearly equal and you have the difficulty in deciding which one should be preferred, in that
case this method of getting the variance and seeing that where the variability is minimum it
gives you that you are more likely to be close to this value. In this case the variability chances

are less, so that is why it should be the preferred choice.

Next we will discuss about one of the technique when these type of elements are very
uncertain and there are many components. In that case one of the technique which is very
much known, that is known as Monte Carlo technique, that is also used. We will somewhat
discuss in brief about this Monte Carlo technique, how it is used to find these values.



(Refer Slide Time: 27:07)

Menke J»,é T ethniqpa
/

We war Yendom nmbos | Khick jﬂacw Some  Kind ' ‘}‘":fa)}[:ﬁ Ao badrons

) oo 2 54
frae bote i

|

20/ loe-19 |
|

37/ ‘val,g LN{/C(‘

20/ 50-69

30// 110‘99

QM /)'“‘*‘) PMAL») Rantenns |

70090

= v v~ =

') Tordam nawmbers

\/h Com amm

-}
So basically the Monte Carlo technique, this technique is used under the cases when you have
to decide and there are is chances of risk and uncertainty. And if there are many elements and
there is a large amount of uncertainty, in that case, this Monte Carlo technique is used. Now
when the Monte Carlo technique, basically we use random numbers which follow some kind

of probability distributions.

So basically in the Monte Carlo analysis, you have first to generate the random numbers.
Now let us say when suppose the time period is not certain, you have by and large you know
time period may be 1, 2, or 3 or 4 years and the probability of having this time period is
suppose 20 percent, 30 percent, 20 percent and 30 percent. Then you have, there are two

possibilities of suppose present worth.

You may have the present work either as 40,000 or 70,000 and it is probability is also are
given like maybe 60 percent and 40 percent. Now under these cases when you have more
components involved and the probabilities are involved, in that case you have to take the
effect of both and then you have to proceed. Under these cases, the Monte Carlo technique

because in otherwise it will be very complex and further you have to move.

So under these cases, Monte Carlo technique is a preferred choice. So in this basically you
generate the random numbers, now random numbers are generated based on this probability
distribution. So you can generate uniformly distributed random numbers and you can see that

you can have you can generate random numbers.



Now in this case, if you are generating a random number between 0 to 100, basically you will
generate the random number between 0 to 99, there are 100 random numbers. So if this is 100
percent, you can generate the random numbers from 00 to 99. So what happens, you will
generate the random number and the random numbers, since it is 20 percent, so from 00 to 19

will be the random number which will be assigned with the time period 1.

Similarly for 30, so another 30 numbers will be assigned for this, so it will be 20 to 49. Then
another 20 will be for 3 years, so it will be 50 to 69 and another 30 that is 70 to 99. So this

way you can assign the random numbers to these values.
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Similarly in this case also, you may assign the random numbers. So random numbers will be
from 00 to 59 and 62 to 99. So this way you can assign the random numbers for these cases.
Now what you can do is generate uniformly distributed random numbers, so there are many

generators of the random numbers.
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You can generate it using the Microsoft Excel or you can generate the random numbers
following certain rules all following certain typical probability distribution functions by the
random number generators. So basically for example when you will generate the random
numbers, you will have so so once you generate the random numbers suppose it comes like
this 17, 83, 42, 9, 5 like that it may go.

So basically you can generate the numbers and you can take the number, the first numbers of
17 and 17 will come, so for first case you will take the time period as one year. The second
one as 83, at that time you will take the value as 4 year. So for every leading, you will go
with similarly the random numbers if you are going for 100 random numbers. This the range
will be 0 to 59 and 60 to 99. If you have a scale of 10, in that case 0 to 5 and 6 to 9.



(Refer Slide Time: 30:21)

Mk (ol Tedhrion
/

We war Yandom hmbocs | Khich T’/o{[gw Some Kind /‘? byvoladils )" Ay bbsdons
(I,rM /)’W“‘} ?M/ﬁ’;’ IY\’A“""' " ) Ikl ) 5 (RN \’ \;uelr,t
i 1 Vot kot ppslpe| Ruami 2 | (el dichinted
00 2 - N\ 1)
T P e
| ) ; b7 00-2 nftndam Wt
37/ ‘;mq 41000
&
s y .49 g 66299 6-9
a/ |50 B bo | o
3 099 F0090 ' ( Random 1o
= ‘10, o =3 -
L 0 ;/ ‘[/7 = |
|83 - ‘
o Can gl T80 NS e = = <
( oo [P0 | Callzalabr, S
Terehmyren 1= oo Repuths i
{jz ! [0S s |
|

So any of the ranges can be taken and once this random number is coming according to the
random number generators. So we can do the iteration and iteration wise if we go, you can
take the year based on the random number. So whichever random number comes, suppose 17

comes, so you will take the year as one.

Now you will take the random number for the present worth the value and present worth
value if you are taking suppose the 10 base and the first number comes 7, in that case it
would be 70,000. So first (29:56) number suppose comes 7, in that case the present world
will be 70,000. So this way whatever calculation you have to do, you can further do and get

the results. So you can calculate the values.

Not this will basically be continued for a long time so that you come to the place where the
variabilit because as long you go you take larger and larger range of random numbers and if
you continue go for more distances, the chances of getting the error is minimum and in that
case you can calculate whatever you have to calculate. So basically this is one of the

technique which is to be used and it is quite worth to know about the technique.

It is a very useful for calculating the cases when we have many elements, the uncertainty is
there in all the elements and you have to take into account the effect of uncertainty more

number of elements, in that case the calculation can be done. Thank you.



