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Hello everybody, this is Rudra Pradhan here. Welcome to BMD lecture series. Today we
will continue with the Decision Analytics and the topic of discussion is the value of
information and utility theory. We have already discussed couple of you know problems
where we need actually decision making process through which you can address the
business problems as per the particular requirement. We have analyzed various business
problems by using different you know decision making criteria like a aggressive strategy,
conservative strategy and also we try to visualize all these you know outcomes
corresponding to the particular you know business requirement through a concept called

as you know decision tree.

So; that means, we have discussed you know several a criteria, several structure through
which we can you know bring the business problems in a kind of you know environment
where we can pick up a particular outcome as per the particular business requirement.
So, now, to add value to this particular you know process. So, we like to address 2
different components, one particular component is called as you know value of

information and the second one is called as you know utility theory.



(Refer Slide Time: 01:35)

The Value of Information

Expected Value of Perfect Information (EVPI)

} The value of information is the improvement in return if additional
information is acquired.

» Perfect information tell us, with certainty, which outcome will occur,

P EVPI is expected monetary value (EMV) with perfect information
minus the EMV without it.

» Expected opportunity loss is the average additional amount the
investor would have achieved if the correct decision had been
made.

» Minimizing expected opportunity loss always results in the same
decision as maximizing expected value.
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So, now, how the value of information and utility theory will again help us to analyze the
business problems and then come with a kind of you know decision making process
through which we can visualize the business problem more effectively and more

accurately.

So, in the case of you know value of information the particular concept which you like to
target is called as you know EVPI that is the expected value of perfect informations and
the value of information is something called as you know the improvement in return if
additional information is required and perfect information tell us which certainty which
outcome will occur. Then finally, EVPI that is the expected value of perfect information
that is the it is expected a monetary value that is called as a EMV; with perfect
information minus, the EMV without it right. So, the expected opportunity loss is the
average additional amount the investor would have achieved if the correct decision had

been you know made.

So, that means, what I like to say it is a decision, decision making process; so
corresponding to various alternatives and different situation. So, we have a plenty of you
know flexible outcomes a particular outcome you know we have to pick up which can
address the business problem or the make the decision making process more effective;
that means, technically our management decision should be very effective corresponding

to the particular you know business problem. That is why we are discussing various you



know tools and the kind of know techniques, the kind of you know structure through
which a the decision should not be something called as you know wrong. So, it should be
a correct specifications, correct identifications you know that to as per the particular you

know business requirement.

So, any misjudgment or the kind of you know any kind of you know lagging. So, the
entire decision making process will be ineffective. So, as a result the business problems
cannot be address as per the particular you know requirement. So, the corresponding to
the concept called as a expected value of perfect information. So, we have a concept
called as you know expected opportunity loss which is the average additional amount the
investor would have achieved if the correct decision had been made so; that means,
technically. So, if the decision is correct then by default there is no problems so;
obviously, everything will be in the correct space you know correct requirement, but the

structure is that if any wrong decision then the entire you know decision making process

will fail.

So, that is how you we must be very careful how to you know address this business
problems, how to pick up a particular outcome, what kind of you know technique which
you have to use. So, that you know you know the particular you know decision making
process will be very efficient and very correct one. The thing is that you know we have a
different criteria corresponding to different alternatives and different situation and we
find you know different criteria gives you know different kind of you know results. So,
that is why so when you pick up a particular you know outcome to address the business
problem, it is better to go through these problems or to analyze this problem with you
know more than one technique, then we like to check whether the particular outcome is a

kind of you know having consistency.

So; that means, this is a kind of you know robustness. So, if you say that this particular
outcome is the best corresponding to various other alternatives which can address the
business problem more effectively. Then by default, so, this should be also consistent
with you know other different techniques. Of course, the objective must be or the criteria
must be very consistent you know on in the process of you know management decision.
So, then you know after, after having the kind of you know flexibility, the kind of you

know situations, then the kind of you know outcomes then we have to apply a particular



you know technique and pick up a particular outcome which can address the business

problem more effectively.

(Refer Slide Time: 06:12)

The Value of Information

Example: Finding EVPI for the Mortgage-Selaetion Decision
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So that is how the value of information is very accurate and for to highlight this
particular concept we try to you know connect the same examples. So, the example is
with respect to you know decision making of you know 3 different financial investment
and that to 3 different situations. So, as a result we have a 9 different possible outcomes,
one particular outcome need to be you know targeted which can address the business

problems as per the particular you know requirement or the kind of you know need.

So, here is we start with you know opportunity loss strategies. So, where this idea is that
you know we have to find out minimum among you know all the columns individually.
So, then we try to subtract the minimum element against you know all elements in that
particular column. As a result the particular matrix will transfer into this matrix then after
that we try to find out expected opportunity loss. So, for that we try to find out actually
you know you know means we try to connect these you know opportunity lost with
corresponding probability, then we find out you know EVPI that the expected value kind
of you know opportunity loss.

So, that means, technically. So, in this case we have 6476 and that need to be connected
with the corresponding probability 0.6 which can generate 3885.6 and similarly in the
case of you know 3 year ARM, we have 2243 we have 4632 and we have 6560. So, this



multiplied by 0.6 this multiplied by 0.3 this multiplied by 0.1. So, this will give you this
much so; that means, it is nothing, but you know kind of you know weighted average,
weighted average of all these you know 3 possible outcomes against 3 year ARM.
Similarly, against 30 year fixed we have 2 different outcomes and that to 8200 215
against 0.3 and then 14497 against 0.1.

So, this will give you the average figure 3914.2. So, then we try to apply some you know
you know technique maximization technique or minimization technique to find out

which one is the final one to address this business problem.

(Refer Slide Time: 08:46)

The Value of Information

Example (contd.): Finding EVPI for the Mortgage-Selection Decision
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The ramnl».r should not pay more than $339140 for any
information about future interest rates, no matter how good.
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So, that means, the EVPI is the typical you know structure through which we can
actually you know try to bring a kind of you know outcome means to find out a
particular outcome label through which you can you know you know come with a kind
of you know effective management decision and that to as per the you know typical
problem requirement. So, the thing is that you know the best decision will be here. So,
let us assume that you know this is the minimum you know criteria which you can apply

here.

So, this is the minimum of you know first columns and this is the minimum of a second
column and this is the minimum of you know third column and then we have already
expected payoff. So, this is nothing, but actually in this multiplied by this probability,
this multiplied by this probability and again this multiplied by this probability. So, we



will have this past this is the expected payoff against 1 year ARM and this is expected
payoff for 3 year ARM and then this is expected payoff for 30 year fixed. Then the best
decision will be the minimum of minimum of each column against rate increase rates
stables and rates fall and then finally, the difference is equal to EVPI which is nothing,
but actually 3391.44 you know 40.

So; that means, technically the family should not pay more than 3391.4 for any
information about the feature interest rate no matter how good whether it is you know the
kind of you know 1 year ARM, 3 year ARM or you know 30 year fixed so; that means,
technically. So, it is a kind of you know effective kind of you know scenario through
which you know we can address the business problem more effectively as per the you

know the you know business need or the business requirement.
(Refer Slide Time: 10:24)

The Value of Information

Decisions with Sample Information

P Sample information is the result of conducting some type of
experiment.

P Examples include marketing research studies or interviewing
experts.

b Sample information is always imperfect and often comes at a cost.

P The expected value of sample information (EVSI) is the EMV of the
outcome with sample information minus the EMV without it.
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So, the value of information’s is nothing, but you know decision with the sample
information, the sample information is that the results of conduct conducting some type
of you know experiment; obviously, it is a kind of an experimental process and examples

includes you know like marketing research studies or interviewing experts.

So, sample information is always imperfect and sometimes it comes at a cost and the
expected value of sample information is the EMV of the outcome with sample
information minus the EMV without it. So, that is how the process which we have

already derived here. So, that is the summary which we have address you know here.
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The Value of Information

Example: Decisions with Sample Information

P A company is developing a new cell phone and currently has two models
under consideration.

» 70% of their new phones have high consumer demand and 30% have low
consumer demand.

» Model 1 requires $200,000 investment.
If demand is high, revenue = $500,000
If demand is low, revenue = $160,000

P Model 2 requires $175,000 investment.
If demand is high, revenue = $450,000
If demand is low, revenue = $160,000
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And in order to address the value of information more effectively more accurately, so, we
can start with another examples. A company is developing new cell phones and currently
has 2 models under the consideration and 70 percent of their new phones have high

consumer’s demands and 30 percent have low consumers demand.

So; that means, we have 2 different alternatives and then Model 1, these are the input
descriptions and Model 2, these are the input descriptions. In the Model 1 the investment
requirement is 200000 dollar and in the Model 1 2 case, it is a 175000 dollar investment.
So, in both cases there are 2 different you know you know kind of you know structure.
One particular structure is called as a demand is high and second one is the demand low.
So; that means, we can have a decision tree having 2 different branches. So, Model 1,
Model 2 and against Model 1 we have high demand low demand, again Model 2 we have
high demand and low demand and of course, the possible outcomes are already given
here and then we like to check which particular feasibility is the best for this particular
you know requirement and for that we can you know use this particular value of

information to take the decisions and then apply as per the particular requirement.
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The Value of Information

Example (contd.): Decisions with Sample Information

4 mE 0
1 el Phone Deciion Tree

Decision tree units
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Choose Model 1
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So, what I have mentioned? We can actually have a decision tree. So, this is Model 1 and
Model 2, each case we have 2 different nodes with high demand and low demand. Again
Model 2 with high demand and low demand and these are all possible outcomes and then
finally, we can find out expected value and then we can. So, ultimately we have 4
different outcomes, so we have to pick up a particular outcome which can address this
business problem more accurately. So, that is how the EVPI structure or the kind of you
know need through which you can actually deal this business and see continue with you

know similar kind of you know structures.
(Refer Slide Time: 13:14)

The Value of Information

Example (contd.): Decisions with Sample Information
* Suppose a market research study is conducted.

* It is known that market research is not completely
accurate since, in the past:

* 90% of all products that had high consumer demand
received high market survey responses.

+ 20% of all products that had low consumer demand
received high market survey responses.

* We can update the decision tree using Bayes’s rule.
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So, here the some more information can be connected and then the output can you know

the output levels or the outcomes levels can be expanded.

So; that means, the there will be more number of flexibility if you put you know further
constraints and the moment you put further constraints then; obviously, because it is a
uncertain kind of you know environment we have again probability. So; that means,
slowly slowly the value of output will be reduced. Then finally, we have to take a kind of
you know decisions, like you know it is completely like you know BBM, which you

have discussed in the case of you know prescriptive analytics.

So, depending upon the kind of you know situation we have a different kind of you know
branching and under each branchings we have a flex you know different kind of you
know alternatives and the kind of you know options through which the particular
outcome can be generated. And then our job is to find out which particular outcome is
the best requirement for the business need or the you know the business you know

requirement.

(Refer Slide Time: 14:32)

The Value of Information

Bayes's Rule for Computing Conditional Probabilities

P Bayes's rule allows revising historical probabilities based on
new sample information

PLB|A) P(A)
o =
P(B|A) PUA,) + PB|A) P(Ay) + ... + P(B|A) PAY

For the cell phone example:
P D, =low demand/”
» D= high demand/

b M, = low market survey responae/
} M,;= high market survey response
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So, the best you know structure through which you can you know analyze this problem is

through Bayes’s theorem and here you know it is the question of you know conditional
probability because our particular target is there. For instance the general form of
Bayes’s theorem is like this. So, here so we have actually this is the general structure of

you know Bayes’s theorem. So, we need actually probability of A given B means, so, we



try to target a particular you know node corresponding to the condition of you know
other node, for instance Model 1 high demand. So, the Model 1 high demand means this
is how the conditional issue and then we are we are trying to find out what is the
expected payoff you know with you know Model 1, then high demand Model 1 with low
demand. Similarly, Model 2 with high demand model 2 with a low demand.

So, likewise we have a different kind of you know structure. So that means, this will
extend depending upon the number of you know constraints. So, now, in this case we
have a 2 different you know structures. So, law demand and high demand and low
market survey response and high market survey response. Then we try to prepare a
decision tree corresponding to these you know information and the final choice you

know about a particular requirement depends upon the best theorem requirement.

(Refer Slide Time: 15:47)
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Example: Applying Bayes's Rule to Compute Conditional
Probabilities

P(D,)=0.30
PV,10,)=1 - 090=010)
. P(MI IDLJ = 1 o 0-20 = 0-@0
B0, (V)= (979723 0913
* P(D, [M]=1~0313=0.087

Prnﬂ% = (27V2(7)8)3)

* P(D, [M)=1-0226=0774
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So, that means, technically having these information’s we have different level of you
know outcomes. And so, the high demand the probability of high demand is 0.790,
probability of low demand is 0.30. So now probability of one particular conditional case
is 0.90 another particular condition is the by default 0.10. So, this means there is a high
demand, market demand and you know low market demand and; that means, technically
if you, if you go to this particular you know structure. So, that means, L stands for low

demand H stands for high demand.



So, D L stands for low demand; D H stands for high demand. So, M L stands for low
market survey, M H stands for you know high market survey. So, accordingly so the
conditional probability is like this you know high market, this is actually high market
corresponding to high demand and that the probability is 0.90 and then high market
corresponding to low demand, that is 0.20. Since total probability is equal to 1, so,
against you know high market with you know high demand if it is 0.90 by default low
market with high demand by default will be 0.10 that is 1 minus 0.90 and similarly in the
case of you know high market with low demand if it is 0.20 then low market with the

low demand, so this will be 0.80.

So, that means, it how you know total probability always equal to 1. So, if you prepare a
kind of payoff metrics. So, the row wise summation and column wise summation exactly
equal to 1. So, that you know the typical structure can be addressed more effectively.
And as corresponding to this one o, we can derive probability of you know high demand
against high market structures. So, this is the conditional probability structure which is
coming actually 0.913 and similarly probability of you know low demand against high
market o, by default it is 1 minus 0.913. Similarly, probability of high demand against
low market condition so, which is coming actually through conditional probability that is
0.226. By default probability of you know low demand against you know low market so
that will be 1 minus 0.226 that is 0.774.

So, that means, so the value of information’s connecting to this particular you know
business deal with respect to various alternatives and situation can be effectively
addressed through you know, you know value of information concept and then it will be

more accurately address with the help of you know Bayes’s theorem.
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The Value of Information

Example (contd.): Applying Bayes’s Rule to Compute Conditional Probabilities
¥ P(My) = P(M;| D) *P(D,) + P(M,; | 0,)*P(D,)
= (97 +  (2)(3)
=0.69
» P(M,) = P(M, | D,)*P(Dy) + P(M, |10,)*P(D,)
(7)) +  (8)3)
031
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So, now, the final requirement is the actually to compute conditional probability that is

how the high market demand. So, which is nothing, but high market demand with, you
know high demand, multiplied by you know probability of you know high demand.
Similarly, probability of you know high market with you know low demand against low
demand multiplied by probability of you know low demand. So, this is coming altogether
0.9 and similarly a probability of you know low market is nothing but probability of low
market against high demand multiplied by you know probability of you know high
demand. Similarly probability of low market with low demand multiplied by probability

of low demand that is coming actually 0.13.

So, this is actually it is a mixture of you know conditional probability, marginal
probability and the joint probability. That is how the best theorem is all about and the
decision making process which we have discussed till now is a kind of you know
conditional structures and it is exclusively the kind of you know, you know connections

through which you know various nodes are you know connected.

So, where if you like to analyze a particular you know situations with respect to different
flexibility you know alternatives and the kind of you know situation. You will find it is
the connection of you know connection of you know joint probability, marginal
probability and conditional probability and because all these you know nodes and the

kind of you know outcomes are connected with the various levels of you know



probability. So, accordingly when you when you need a particular you know requirement
then by default you know the issue of you know conditional or the situation of
conditional probability will be coming into the picture then you have to analyze as per
the particular you know requirement. So, applying the conditional probability you can
get to know what is the particular level of outcome through which the particular business

problem is more effective.

So; that means, so there will be the kind of you know the kind of you know you know
situation where we have a various alternatives depending upon the kind of you know
flexibility and the kind of you know situations and then we pick up a particular you
know out comes with respect to the you know business need. For instance here the need
is you know the prediction about you know high market, probability of high market and
with the with the help of you know whatever information’s that is you know probability
of a high demand, probability of you know low demand, probability of you know high

markets here, probability low markets here, then the joint probability is.

So, so; that means, technically we have a some kind of you know inputs in inbuilt inputs
and then we can you know analyze the particular situation and then come with a
particular level of outcome, where we can you know address the business issue more
effectively and then come with a kind of you know management decision as per the

particular you know requirement.

(Refer Slide Time: 21:59)

The Value of Information

Example (contd.): Applying Bayes's Rule to Compute Conditional
Probabilities

Joint probability table for the cell phone example.

High Survey Low Survey
Response Response
My M;
0.07 0.70

High Demand Dy 063
Low Demand D, 0.06 0.24 0.30
069 031 1.00
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So, likewise this is how the summary sit, you know we have we have all these you know
kind of you know conditional kind of situation and through which you can address the

business problem.

(Refer Slide Time: 22:08)
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And likewise what we can do? We can prepare a decision you know decision tree

depending upon the different situations where you know we start with you know simple
here the kind of you know structures. Let us say this is the you know first end decision
structure and then the particular you know classification high survey response, low
survey response, Model 1, Model 2, again Model 1, Model 2 with high demand, low

demand, high demand, low demand.

So; that means, you know depending upon different you know cluster and structuring
will have a different kind of in options and every options will give you some kind of you
know output and which can address the business problem more effectively. So, that is
how the value of information can be considered as a you know as an effective tools to
address the business problems and come with a management decision through which you
can you know generalize the situation and then you can indicate some kind of you know
strategy through which you can you know forecast the business problem more

effectively.
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The Value of Information
Example (contd.): Applying Bayes's Rule to Compute Conditional
Probabilities

+  The expected profit in Example 18.14 (without additional information)
is $198,000.

+ The expected profit in Example 18.15 (with additional information) is
$202,260.

* The EVSI = $4260.

+ The company should not pay more than 54260 for a market research
survey.
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Utility Theory and Decision Making

+ The degree of pleasure or displeasure a decision-maker has in being
involved in the outcome selection process given the risks and
opportunities available
— Risk-Avoider
- Risk-Neutral
— Risk-Taker
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This is another problems connecting to this you know value of information’s and
corresponding to the value of information, the next component which you can you know
connect to this you know decision analytic is a utility theory and how utility theory can
be applied in the decision making process and that too under the decision analytics you
know structure. The first of all what is exactly the utility theory? The degree means it is
the degree of you know pleasures or displeasure a decision makers has in being involved

in the outcome selection process given the risk and opportunities available.



So, that means, we since in that it is a question of you know utility. So, there is a issue of
you know satisfaction and dissatisfactions and we have a different level of you know
outcomes depending upon the you know risk uncertainty, then the kind of an alternatives
different situations and any particular you know outcomes which may give you know
satisfaction to the decision makers, not give you a satisfaction to the decision maker. So;
that means, we have you know on different options where the decision makers will be

satisfied and not satisfied and because ultimately a it is not in your hand.

So, it typically depends upon the business environment and the kind of situations and the
alternatives. So, under the particular you know situations and alternatives we have to find
out what is the kind of you know expected out outcome corresponding to the business
problem and then we come with a kind of decision. So, there are 3 different you know
you know utility decision corresponding to the addition you know opportunity. So, risk
avoider, risk neutral and risk taker, so; that means, these are all you know different kind

of you know structuring in the utility theory and that too in the decision making process.
(Refer Slide Time: 25:11)

Utility and Decision Making

» Utility theory is an approach for assessing risk attitudes quantitatively.
» An individual's utility function reflects their preference toward risk.

» The risk premium is the payoff amount that an individual is willing to
forgo to avoid risk.

» The break-even probability is the point at which an individual is
indifferent between a guaranteed payoff and taking a gamble for a
higher payoff.

} The certainty equivalent is the amount an individual feels is equivalent
to the payoff from an uncertain gamble.
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So, what I have mentioned you know utility theory is an approach for assessing risk
attitudes in a quantitative way and individuals utility function reflects the preference
towards this risk and the risk premium is the payoff amount that an individual is willing
to you know forgot to avoid the risk. And then finally, the break even probability is the

point at which an individual is indifferent between a guaranteed payoff and taking a



gamble for a higher payoff. And the certain in a certainty equal equivalent is the amount
an individual feel is equivalent to the payoft from an uncertain gambling. So, that means,
it is a kind of you know flexible kind of you know structure through which you know
you will be find you know different level of outcomes where once, one way you try to
satisfy the decision makers and through which we are you know searching the kind of
you know outcomes which can deal the business problem more effectively and to
understand these we can you know start with a simple example here and it is a personal

investment decision.
(Refer Slide Time: 26:23)
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Utility and Decision Making

Example: A Personal Investment Decision
» Suppose you have $10,000 to invest short-term.
» You are considering 3 options:

- Bank CD paying 4% return

- Bond fund with uncertain return
- Stock fund with uncertain return

Decision/Evert  Rates Rise  Rates Stable  Rates Fall
Bank CD §400 5400 S400
Band fund S500 5840 §1,000
Stock fund = 5000 5600 §1,700

e

p ! NPTEL ONLINE 2
IITKHARAGPUR CERTIFICATION COURSES
A R R E RN RSN

Suppose you have 10000 to invest in the short terms and that to you have 3 different

options. So, bank CD, bank fund sorry bond fund and stock fund and as a result we have

3 different options; rates increase, rates stables and rates fall.

So, under each case we have a different return and some it is a average returns and then
so we have here 400 minus 500 and 900. So, that means, technically we have the payoff
metrics corresponding to this you know different options and the kind of you know
investment plans. So, now, we like to see how the outcome is you know will be used and
the kind of you know structure you have to bring. So, that you know the decision will be

very effective as per the particular you know requirement.
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Utility and Decision Making

Example: Constructing a Utility Function for the Personal Investment Decision

* Sort the payoff amounts from highest to lowest.
*  Assign a utility to the highest payoff of U(X) = 1.
* Assign a utility to the lowest payoff of U(X) = 0.

Payof, X Utiity, UX)
§1,700 10 U(1700) = 1
51,000 .
20 U | = the probabllity you would give up

600 a certain $1000 to possibly win a
$400 51700 payoff.

)
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So the so, what we will do? You know we tried to construct a utility functions here it is

another kind of you know personal investment decisions where we like to assign a utility
to the highest payoff where you can put u of x equal to 1 and assign utility to the lowest

payoff where u of x equal to 0.

So, as a result so if you put you know 1700 that is the highest payoff. Then this will be
utility 1 and against the lowest payoff is here minus 900. So, the utility of minus 900
equal to 0; so that means, we need some kind of you know quantifications because it is
utility is a kind of you know qualitative concepts. So, we need some kind of you know
quantification to address the problems and then come with a kind of you know decision
which can you know satisfy the decision makers as per the particular you know business

requirement.
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Utility and Decision Making

Example (contd.): Utility Function for the Personal Investment Decision

For the $1000 payoff with |*

U(1000) = 0.90

Expected payoff = $1440 ||

Risk premium = 5440

|

For the 5840 payoff with
U(840) = 0.85
Expected payoff = $1310

) jLma

<] pmm

Risk premium = $470

[ =
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So, ultimately so this is a kind of you know structure through which you can analyze and
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similarly so, the entire structure against can be addressed through you know decision tree
and here the investment structure will be like this. So, this is actually starting node and it
has two different kind of you know options and the first option is with you know take a
chance and guaranteed returns. That is how the risk will be appearing here. And as a
result we have 2 different options; in one case we have 85 percent another case we have

15 percent.

So, as a result we have two different levels of output and corresponding expected value is
like this and here also expected levels corresponding to the loss you know 15 percent and
then again here in the guaranteed returns we have you know expected way. Then finally,
we have three different levels of outcome and we can apply the conditional outcomes or
we can try to find out which one is the best outcome you know with respect to all

possible outcome and that too for this you know personal investment decision.

So, likewise we have a different kind of you know structure through which you know we

address this you know business problems as per the particular requirements.
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Example (contd.): Constructing a Utility Function for the Personal
Investment Decision
» We can find the breakeven probability for each payoff by solving
Payoff = $1700p — $900(1-p)

p = (Payoff + 900)/2600 Doscad 0% Bkt
Payolf, X Utlity UX]  Payoff  Premium  Probablity
$1,700 100 &
$1,000 090  $1440 $440 07
S840 085 51310 $470 0.67)
4600 080 51,180 4580 05
5400 075  $1,050 3650 05
5500 033 510 $510 01
-5800 0.00
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So, this is how you know corresponding to the previous examples. Now we have analyze
in the case of you know utility highest utility and lowest utility but in the mean times if
you apply all these values. So, we can find out the utility level in between and then

expected payoff, risk premium, then finally, the break-even probability.

(Refer Slide Time: 30:00)

Utility and Decision Making

Example (contd.): Constructing a Utility Function for the Personal
Investment Decision

Risk-Averse Utility Function

Risk Aversion

Rigk premiums > 0
U(X) = Risk neutral
Concave downward
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So, now, if we will a plot these then you will find the kind of you know structure will be
like this. So, this will be the kind of you know neutrality options and this corresponding

to the actual happenings; that means, the kind of you know situation where risk premium



is greater than 0. That means, utility of X is greater than 2 you know risk neutral and
look like you know concave function and that means, the decision is not actually in a
kind of you know linear safe, technically yes there is increasing, but the kind of an

increase is little bit you know ups and downs.

So, ultimately it depends upon you know the kind of you know situation to situations and

that too with you know business environment.
(Refer Slide Time: 30:51)
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Example of a Risk Taking Utility Function

Payoff, X Utility, U(X) - - —

1700 10 Bpected Rk Breakeven |
' : Pavolf X Utliy VXD  Payolf  Premium  Probabill
1,000 0.6 $1.700 100 |

S840 055 £1,000 060 $660 5340 o.?)
8600 0.45 $840 055 $530 £310 067
8400 0.40 $600 045 §210 5330 058
$400 040 4140 5260 050

=500 04 5500 010 4610 Su0 013
-$000 00 -$900 0.00 |

Risk Taker

Risk premiums < 0

U(X) < Break-even Prabability
Concave upward utility function
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So, this is how the entire utility functions and again in this case the risk premiums is less
than 0. So, that means, the utility of x is less than breakeven probability and as a result

the structural you know concave type of you know situation.
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Utility and Decision Making

Using a Utility Function Instead of Payoffs

P Expected values of the risk averse utilities

Decision/Ewent  Rates Rise Rates Stable Rates Fall Average Utility

075 s o |
Bond I'uug,/ 0.35 0.85 09 i}
Stock fLﬂd/ 0 0.80 0| 060

P Expected values of the payoffs for each decision

Decision/Event  Rates Rise  Rates Stable  Rates Fall  Average Payoff
Bank CD $400 $400 $400
Bond fund =8§500 S840 §1,000

=5000 $600 §1,700
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So, now corresponding to these you know problems, so, what we can you know do here?

So, we have again a kind of you know problems where we have three different of
alternatives. So, the bank CD, bank you know bond fund, then you know stock fund as
per the previous examples and against we have actually outcomes corresponding to rate
increase, double rate and rate decrease and then we can find out the average utility and

find out to the maximum of average utility.

Similarly, if you apply the expected value you know concept then again so, we can find
out average payoff corresponding to the particular you know probability and then we
have to take a decision which can give you, you know more effective result. For instance
out of these three so, we can actually choose the particular one which is nothing but you
know 467 dollars compared to 400 and 447. So; that means actually, so these are the
various you know mechanisms through which you can you know you know give you
better understanding or the kind of you know better clue to find out a particular level of

outcomes through which you can address the business problem more effectively.
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Using a Utility Function Instead of Payoffs (contd.)
» Expected values of the risk taker utilities

Decision/Event  Rates Rise Rates Stable Rates Fall | Average Utility

Bank CD 040 040 040 040
Bend fund 0.10 055 060 (4
0.00 045 100
b Expected values of the payoffs for each decision

Decision/Event  Fates Rise  Rates Stable  Rates Fall Average Payoff
Bank CD $400 S400 $400 5400

Bond fund ~§500 $840 §1,000 447
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Utility and Decision Making

Exponential Utility Function

¥ Rather than asking the decision-maker to specify their
utility for each payoff possibility, an exponential utility
function might be used.

Uiy m | = ¢ ¥

Expaonential Utility Functions

» Ris a shape parameter . o
indicative of risk tolerance. , /
» Smaller values of R have ol

amore concave U(X) L
and are more risk averse, ~ries n1

.
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So, these are all you know various different kind of you know requirement and against if

you know start with the kind of you know structure of the utility functions you will find
corresponding to this utility function you have actually different kind of you know
structure where, you know on the shape of parameter, you know is a indicative of you
know risk tolerance and smaller the value of you know R, have a more concave of you

know utility function and as a result there is you know more risk you know averse in

nature.
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Exponential Utility Function (continued)

One approach to estimating an appropriate value of R for the
decision maker is to:

» Find the maximum payoff SR for which the decision maker
believes that taking a chance to win SR is equivalent to
losing SR/2.

» Would you take on a bet of possibly winning $10 versus
losing $5?

» How about risking $50 to win $100?

» How about risking $500 to win $1000?

P R measures one’s maximum risk comfort level.
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So, now so these are the you know typically you know kind of examples through which

the utility function can be analyzed.
(Refer Slide Time: 33:09)
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Example: Using an Exponential Utility Function
* I the $10,000 Personal Investment Decision example,
suppose you use an exponential utility function with R =

5400 Payel, X Utisey, i)
$1.700 [T
Y _“_ $1.000 Lt ]
~ 1 _ o Xfa00 ouarewilling | se o
* UX)=1-e / lorisk$200t0 | #0  om@
00 e
win 5400, prec B v
- 500 4Em
Decision/Event  Rates Rise Rates Stable Rates Fall_Average Utility
08321 0832 05321
Bond fund - 24903 08775 09179 ~0.2318

Stock fund -8.4877 0.7769 0.0857 =27
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So, now, here in the in the another examples the same personal investment where you
know the utility function is nothing but you know exponential type and against
corresponding to these various payoffs we have a utility and against the utility we have a
different kind of you know decision making process depending upon you know three

different investment plans. A bank CD, a bond fund and the stock fund and then you



know different rates increase, rates stables and rates falls and then finally, you can find
out the average and then take the decision. Since, here the best average is a 0.63 to

corresponding to the minus 0.2316 and minus 2.2417.

So; that means, technically this can be the best outcomes you know separation this

personal investment decision is concerned.
(Refer Slide Time: 34:03)
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Analytics in Practice: Using Decision Analysis in Drug Development

» Pharma, a business unit of Bayer Pharmaceuticals, developed a new
blood-clot-busting drug.

P They used a structured decision analysis approach to evaluate market
potential of the drug.

» A decision tree with 6 decision points delivered to senior managers the
expected net present value, the likelihood of success, and the risks
involved.

» This decision tree approach set new standards for subsequent new drug
developments at Pharma.
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And likewise actually, so, when say in practice that is an analytic practice using this
analysis is a very practical kind of you know or you know very accurate kind of you
know process through which you know we can you know bring the different level of you
know outcomes with respect to different alternatives and different situation and this will
give you some kind of you know flexibility to the business problems and to the decision
making process. And the decision makers rule is to find out which particular outcome is
very effective with respect to a particular condition or with respect to a particular you
know requirement. So, that means, you know the decision tree or the kind of in decision
analytics will give you some kind of you know more flexibility corresponding to

different situations and you know different requirement.

So; that means, technically we have a different level of you know outcomes depending
upon the particular you know alternative, depending upon a particular you know
situation and the kind of you know criteria and. So, we can pick up or the decision

makers can pick up a particular outcome to address the business problems as per the



particular you know the typically requirement. For instance if you have a three
alternative corresponding to a particular alternative with a you know particular options,
you can you know strictly a pick up a particular outcome which can you know address

the business problem more effectively.

So; that means, technical this is another problem through which you know we can

address the business problem more effectively.

(Refer Slide Time: 35:38)

Utility Curves for Game Players

Chanee of
Winning
the Contest
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So, that means, technically if you connect with you know the kind of you know utility
theory corresponding to the decision analytics, so, there are three different you know
options, behaviors. So, the line which we have here is called as you know Risk Neutral
and this is actually Risk Takers that is the convexity of this particular you know utility
functions and Risk Avoider it is a kind of you know concavity of the particular you know

utility functions.

(Refer Slide Time: 36:18)



Revising Probabilities in Light of Sample Information

* Bayes’ Rule
* Expected Value of Sample Information
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So; that means, technically so these are the various natures of you know utility functions

corresponding to a particular you know business problem. And what we have already
mentions, we use you know typically Bayes theorems to address these kind of you know
problems and deal with the business problems which can you know generate some kind

of you know better results as per the particular you know requirement.
(Refer Slide Time: 36:26)

Decision Table for Investment Problem
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So, now, we can start we can connect with this with you know another examples. Here
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we have two different you know financial instruments, bonds and stocks and we have

two different situations no growth and rapid growth.



So, then in the no growth say situation we put the or we assign the probability 0.65 and
in the case of you know rapid growth we are putting the probability of 0.35. Then
corresponding to two different financial instrument and two different situation by default
we have four different outcomes that these are all in say these are all here 500, 200, then

100 and 1100.

So, these are all you know so; that means, now we have here the kind you know
conditional kind of you know things; that means, if you like to you know choose the
option of you know bond with no growth situation then the outcome will be 500 and

against if you choose you know stocks with you know no growth then the outcome will

be 200.

So, likewise we have a different you know options and flexibility to address this kind of
you know business problems and then come with a kind of you know decision making
through which you know we can you know analyze the particular you know business

problem more effectively. And likewise so what we can do?
(Refer Slide Time: 37:55)

Expected Monetary Value Criterion for the
Investment Example

Expected
No Rapid  Monetary
Growth  Growth Value
0.65 0.35
Bonds ~——§—>5660—5—1060—%- 360.00
Stocks $ 2000 $ 1,100 $ 255.00
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So corresponding to these inputs input matrix, so, we have a different you know criteria

against to apply and then to analyze the problem. So, if you go by you know you know
simply kind of an expected monopoly criterions then you know corresponding to this you
know probability just you know you can find out the expected value and since it is a kind

you know investment decisions where you will get you know highest a expected value.



So, that will be the final choice. Then here with respect to bonds we have two different

options and stocks we have two different options.

So; obviously, if there is a choice between bonds and stocks then the first end choice will
be the the investments should be in the bond site and that really generate here in this case
360 dollars. So, likewise we have a different options and that to address this particular

you know business problem.

(Refer Slide Time: 38:48)

Decision Tree for the Investment Example

No Growth (.65) _ $500

Rapid Growth (35)

No Growth (.65)

Stocks

Rapid Growth (35)

EMV=§155

51,100
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And this is how the decision tree you know can analyze more effectively. And
corresponding to this you know you know output so, what we will have? We can prepare
a decision tree which we have actually bonds and you know stocks and again bonds we
have a two different options; growth and rapid growth. Similarly for stocks we have a no
growth and rapid growth and accordingly. So, against you know bonds, no growth we
have outcome 500, again bonds with rapid growth we have outcome 100, then again
stocks with the rapid growth that is you know 1100, stocks with no growth which you
have you know minus 200. Now having different probability, so you can find out the
expected value and then try to find out which particular outcome under you know

different situations.
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Historical Performance of Economic Forecaster

Actual State of Economy

No Growth Rapid Growth
S )
Forecaster Predicts
No Growth (F )
Forecaster Predicts

Rapid Growth (F )
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So, likewise you know different probability we have and then we can analyze the
situation. This is another kind of you know structure through which you can address this

particular you know business problems.
(Refer Slide Time: 39:47)

Bayes’ Rule
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Same Bayes theorems can be apply to try to explore the different you know possibilities
depending upon the different situations and which you have already discussed

corresponding to the previous problems.
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Revision Based on a Forecast of No Growth (F,)

State of Prior Conditional Joint Revised

Economy  Probabilities  Probabilities  Probabilities Posbahiliify
P(sF,)

No l |

Growth P(s )=.65 P(F |s )=.80 P(F r s )=.520 .520/.625= 832
i | | | |

Rapid

Growth  P(s )=35  P(F|s )=30 P(F - s )=.105 .105.625=.168
) | | | |
P(F)) = 625
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So, now, we have actually two different situation and then against corresponding to the
different you know a financial investments. So, we have some kind of you know you
know joint structure and conditional structure through which you can address the

business problem.

(Refer Slide Time: 40:20)

Decision Tree for the Investment Example

SILH

$100

No Growth (832

( 5100
1.625) Bhocks e
apid Growth { 168)
S5108 it S11

N Grawth (347)

5500
SI38 80
$100
o Gre {47

S648.90

Rapid Grow
(375
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So that means, in order to justify this one, so, this will be the another kind of you know
structure here. So, the you know no growth situation and the a growth situation; so that

means, technically. So, this is how the investment structure where this is no growth



situation and this is growth situations, then bonds and stocks, again bonds and stocks,
again here no growth situation, rapid growth situation, again no growth situation rapid

growth situation.

So, likewise we have a different options and that means, the whole idea is actually the
you know we like to know that you know different option we have to address this you

know business problem.
(Refer Slide Time: 41:00)

Expected Value of Sample Information for the Investment
Example

Expected value of sample information
= expected monetary value with information
- expected monetary value without information
=5§513.84 - $360
=§153.84
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And; that means, technically the particular structure gives you know different kind of
you know options through which you can you know address the business problem more

accurately.
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Summary

+ Decision-Making under Uncertainty

+ Average Payoff, Aggressive, Conservative & Opportunity Loss Strategies
¢ Decision Tree Creation

+ Construction of Risk Profile

* Expected Value of Perfect Information

+ Expected Opportunity Loss

+ Expected Value of Sample Information

+ Conditional Probabilities

+ Construction of Utility Function
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That means, technically in the design analytics we have already discussed you know
various tools and you know techniques and the kind of you know criteria through which
we can being different levels of you know outcome depending upon the various
alternatives and various you know constraints. And then we can try to select a particular
outcome as per the as per the particular you know business objective or you know a

particular business requirement.

In some we have discuss you know various analytics you know structures starting with
the descriptive analytics, predictive analytics, prescriptive analytics and decision
analytics and under each heads we have discussed various techniques, tools and
connected with the various business problems. And then we try to find out you know
how the business problem can be addressed and we try to find out various alternatives
and against each alternatives we try to bring you know sensitivity structure, robustness

structures.

So; that means, what I like to say that you know business analytics is a kind of you know
tool baskets where we have a plenty of you know analytics tools through which we can
analyze a business problem as per the particular you know business requirement. So,
depending upon the problem, depending upon the particular requirement the need is that
you know we try to find out various alternatives in the process of robustness, in the

process of simulation, in the process of sensitivity, structure then you know. That means,



technically a we try to extract you know as much as possible you know information to

address the business problem more effectively.

So; that means, you know if I like to summarize. So, the business analytics is a kind of
you know tool baskets where we have a plenty of you know business analytics tools and
that too we can apply as per the particular you know business requirement and then if a
your particular you know tool is a very perfect as per the particular business requirement,
then we come with a kind of you know outcome which can address the business problem
more effectively, more efficiently, more accurately. Then we can apply the management

decision as per the particular you know management requirement.
With this we will stop here.

Thank you very much. Have a nice day.



