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Hi there. Welcome back and we are discussing about Forming Portfolio using ETF data for 5

years monthly return. And in previous session we discussed about how we can implement this

example in solver add-in. And using this approach we try to find a portfolio that has optimal

weight assigned to each of the individual ETFs 10 assets or 10 securities that we have as part

of the portfolio. In this particular session we are going to talk about the implementation and

the result part.

(Refer Slide Time: 01:00)



Where we will see how our ETF portfolio is constructed, where we will try to find the weight

assigned to individual ETFs. Now, we know that the weight assigned to individual ETF will

determine the total rate of return as well as the risk. So, we will try to find a portfolio of ETFs

where each ETF will have 0 or more than 0, but less than 1 weight assigned to them.

And we will try to achieve the minimum variance or minimum portfolio risk where our return

is given or for an expected rate of return that is desired by the investor. So, we will try to find

weights and such that the return will be desired return, but risk will be minimum. So, in this

session we will focus on finding the weight for individual securities as part of the portfolio

such that the portfolio is of minimum variance portfolio.
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Now, if we remember earlier, we have shown that once we have the objective function of

minimization of portfolio risk, we need to have certain constraint and those constraints are



indicated as target return which is like desired rate of return for an investor. Then we have

non-negative weights which means weights assigned to individual ETFs cannot be less than 0

or for that matter more than 1 which means total investment should not be more than total

funds available for investment. 

So, the weight or some total of individual weights of ETF or the money to be invested in

ETFs cannot be more than 100 percent of the funds available. When we implement this

constraint in the date in solver add-in we know that we have to first set the objective where

we identified the cell Z31 which is the cell where we have inserted the standard deviation. 

So, we will try to minimize the standard deviation by choosing this particular function. So,

minimization of objective function and then we have weights indicated in these cells. So, the

this particular set of cells indicate the weights of individual ETF from ETF1 through ETF10.

So, we are trying to optimize the weights assigned to each of the individual securities. 

So, we will be changing the value in these cells subject to the constraints and these are the

constraints. So, first constraint is about portfolio return should be equal to target return the

return that investor is desiring. Second constraint is about the weight of individual ETFs

weight assigned to individual ETF cannot be less than more than 1. Here we have another

constraint related constraint that is weight assigned to individual security cannot be less than

1. 

And finally, the sum total of individual weights assigned to individual securities cannot be

more anything, but less than or anything, but 100 percent of the funds available for

investment. Once we put this then remaining part remaining part is related to the

implementation or going for the solve function. 

So, once we solve for this objective function of minimization of standard deviation by

changing this values of individual weights for ETF under the constraint as defined, we will

get an optimal value of weights allocated for individual ETFs. And that will get us the

minimum risk that we need to bear for a given level of return for a desired level of return.
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So, once we have this data set. So, once we have the data set with us, we can find this weight

in assigned to individual securities or individual ETFs to start with we will assign equal

weight to all the 10 ETFs that we have as part of the portfolio. And here we have given 10

percent weight to each of the individual ETF and sum total of the weight is 100 percent.

We identify a cell where we have the target return or desired level of return. And this return is

a function of weight assigned to individual securities and average rate of return that we have

calculated earlier by using annualized return from the 5 years data. And this particular

function, this particular cell indicates about the standard deviation for the portfolio of these

10 ETFs where this is the minimum return minimum risk for given level of return.
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Now, with this implementation we can use these function to indicate in the Excel sheet where

we have the function for finding the weighted average rate of return for individual securities,

combined together to find the portfolio return. We have the sum total of all individual

weights starting from ETF1 through ETF10. 

And then we use this matrix multiplication function for all the returns that we have including

the weights. So, we have the weights from 10, then we have the return for individual

securities and we transpose the covariance matrix to find out the minimum value of standard

deviation that will help us achieve this level of return.

With this function what we get as, we get the minimum standard deviation that will be

required for attaining the rate of return that is desired that is indicated here. So, if we know



that this is the maximum return for a given level of risk then I know that that is the optimal

portfolio.

Now, we know that we can modify the objectives if earlier we see that here that the objective

function is defined as the minimization of risk, we can also include the maximization of

return where we will try to find for a given level of risk what will be the maximum return that

an investor can earn. Or what will be the minimum risk that can be earned by changing the

value of weight assigned to each individual securities and the return should be highest and

risk should be minimal.

So, here we need to indicate what is our target return. So, that we can find whether the

portfolio achieves that return or not. And also, if we relax any assumptions such as

non-negative weights then what will be the implications that we can see? So, if we go back

and see the assumptions. So, assumptions indicate that the target return, the portfolio return

should be equal to target return, that is first constraint.

Second is weight of individual securities cannot need to be anything, but 0 or equal to less

than or equal to 1 and it cannot be non-negative constraint which is it cannot be negative in

terms of. So, non-negative weights and the sum total of all individual weights should be 1.

So, if we relax one of these assumptions such as for example, if we relax the assumption of

non-negative weights which says that the individual weights assigned to the security is that

we are considering as part of the portfolio can be negative which means it can be short

selling, it can be a leveraged portfolio where weights of assigned to one or the more securities

is negative to help achieve higher rate of return. 

We will not consider that as part of this example we are trying to keep it simple. And with

this let us try to see what we get out of this exercise.
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So, once we implement this in add in this is the different this is the set of scenarios that we

are considering. So, assume that we are considering 10 scenarios where our desired return or

target return is given here. So, in scenario 1 we have a target return of 1 percent, scenario 2

we have target return of 2 percent, scenario 3 we have target return of 3 percent, scenario 4

we have target return of 4 percent and so on.

So, we simulated 10 scenarios where we have target returns given as 1 percent through 10

percent. And for every target return we wanted to find the weight assigned to individual

securities that will help us minimize the risk. And if you look at this data set you will be able

to see that third scenario which is a target return of 3 percent has the minimum variance or

minimum risk, which means this is the point where the portfolio is based at a location on the

frontier where there is minimum risk for the investor.



So, if we visualize this on this particular graph and this is the scenario. So, we know that this

is the point which is the minimum variance point. So, this particular portfolio essentially is

located here after that the return might be increasing and so will be the risk. So, we can see

here that risk is increasing as well and return is increasing as well. So, we know that if return

is increasing 4 percent, 5 percent, 6 percent risk is also increasing correspondingly.

So, this is the point where we have the minimum risk for a given level of return. If an investor

wants to earn higher return, she has to assume higher risk and that is shown by this table.

What is of more interest is the weight that is calculated for each of the individual securities.

(Refer Slide Time: 12:59)

In most cases we observe that many ETFs have not got any allocation particularly from ETF2

to ETF6 we do not see any money allocated to these securities which means they are not



worth considering for the portfolio. If we are ready to assume more risk, we can consider

allocating more money to as ETF1 and less money to other ETFs. 

If we are considering to have more return with least risk then we need to allocate the highest

amount of money to ETF9, 2nd highest will be for ETF7, 3rd highest will be ETF1, 4th

highest will be ETF10 and 5th highest will be ETF8. These are the allocation; these are the

weights for individual securities as part of the portfolio.

So, eventually the portfolio will have only 5 assets. And these 5 assets will have this much of

weight assigned to them. And this will help us achieve 3 percent of return for the minimum

level of risk.
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So, we this way we can find the weight of each securities to be considered for individual for

the portfolio.
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And we know that once we plot this, we can find a graph like this where this particular point

is the minimum variance portfolio where standard deviation is 3.74. And as we progress

further, we want to have higher return, it will also come with higher level of risk. 

So, if we want to see how this works let me just quickly go through the Excels example

where we have the Excel sheet with the data and this way, we can understand how we can

implement the case of portfolio construction with certain number of assets with solver add-in

in spreadsheet. So, I will quickly shift to Excel sheet and show how we can calculate the

return. Subsequently we will we will be able to get the risk and various covariance. 



So, we will simply use this data set, that same data set that we have been seeing in this

example from previous session.

(Refer Slide Time: 15:20)

So, we have the data set on 10 ETFs ETF1 through ETF10 from January 2017 to December

2022.



(Refer Slide Time: 15:37)

First step is to calculate the return. So, here this particular table is. So, going to calculate the

return as I was indicating that first return will be calculated in the month of January 2018

where we use the price data of January 2018 minus price data of December 2017 divided by

price data of December 2017 will get us the return for January month for first ETF. Similarly,

we can calculate for second ETF, third ETF.
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We can calculate this return for all 10 ETFs and we can drag it down to find the return for

individual securities for individual month.
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So, this is the way we calculate the return.
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Now, second step is to calculate the annualized return and standard deviation. Here we have

used the function of annualized return for individual ETFs. So, we can use the function for

calculating the annualized return for the entire sample period that is 5 years which is 60

months, 12 years 12 months into 5 years. 

So, 60 months, we calculated the annualized return and annualized standard deviation for

individual securities. Subsequently, we calculated the correlation pairwise correlation for

individual securities with itself and others and subsequently we calculated the covariance.

Next task was based on solver.
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So, if we look at the solver, we have the solver here. And we can see that in solver we have

this objective function which is basically minimization of Z31 which is basically Z31 this

particular cell. Then we have by changing the variable cell that is weight assigned to each of

these securities here in from 1 ETF1 through ETF10 under constraint of as following. 

So, if you look at the constraint, we have this AA31 is equal to Y31 which is basically this

return should be the portfolio return should be equal to target return. Second constraint is

about the weight cannot be less than equal to more than equal to 1 and weight cannot be less

than 0. And finally, the sum total of all the weight should be equal to 1. So, with this

constraint we can go ahead and see here. 
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So, here if we look at this particular table this tells us about the 10 ETFs and if we use this 10

ETF for equally weighted portfolio to start with let us assign 10 percent weight to each of the

ETFs. And then we can find the portfolio return which is basically some product of return of

individual securities that is the annualized rate of return here and weight assigned to each of

the securities. 

And if we target for 4 percent return then this will be the standard deviation, but let us look at

the target return. If first scenario is 1 percent target return and this is the standard deviation

for the portfolio.
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Using solver function, we can simply solve this objective function of minimization of

standard deviation and we get this 1 percent of portfolio return for this much of risk.
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And this is the weight that is assigned to individual securities. So, we get for the first scenario

where we have the 1 percent return, 4 percent, 4.73 percent of standard deviation and risk

weight assigned to individual securities in this way. Similarly, we change the target return to

2 percent, solve this again for the same approach. 

We get 3.75 percent of risk and weight allocation to the 10 ETFs is given here. We will repeat

this exercise for every scenario. Here we are considering only 10 scenarios of 1 percent each.

So, 1 percent, 2 percent, 3 percent, 4 percent till 10 percent. It can be any other percentage of

target return that individual investor can desire. Similarly, we can continue for more

scenarios, but due to time and other constraint we are considering only 10 scenarios of return

where we have percentage of portfolio return given.
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And we optimize the weight to find the asset allocation for individual securities that are part

of it this portfolio. Here there are 10 assets ETF1 through ETF10 and we are trying to find the

weight to be assigned under different scenarios. As you can see solver helps us achieve the

optimal weight to be assigned to individual 10 ETFs. And as I was telling earlier that in not in

all scenarios every ETF will get allocation which means some ETFs are simply not feasible,

not optimal for inclusion in the portfolio.
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And that is why they are not getting allocated or they are not getting any weight as such. So,

once we have this repeat exercise done, we know that we have the scenarios created here for

10 different target returns.
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We get individual weights for each of the 10 ETFs.
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And this way we can compare what is the allocation for each of the ETFs that we have as part

of our portfolio and what should be the minimum return that what should be the minimum

risk that we should be ready to accept for a given level of target return.
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So, if we decide about the target return and we know that solver will give us minimum risk

that we have to accept and it will also help us identify which assets are to be included as part

of the portfolio in what proportion. So, these 10 scenarios will tell us about the minimum risk

that we have to accept and the weight of individual securities. 
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And as I was showing earlier it would not have allocation to certain assets and these assets are

basically not feasible, not competitive and that is why they are not getting any allocation.

Whereas, the some assets are getting higher allocation under certain circumstances.

Some other assets are getting higher allocation under certain different circumstances. If

someone is looking for a lower risk with reasonable ok is return then more allocation is done

towards ETF9, but if someone is looking for higher risk and higher return then more

allocation is happening to ETF1. 

This way we can create scenario and find the weight. These weights essentially implies that if

we have 100 rupees, we will invest in scenario 10. It tells us that if we have 100 rupees 98.08



will be invested in ETF1 and 1.92 will be invested in ETF10 and that will give us a return of

10 percent and a risk of 10.4 percent. If we just simply want to change the assumption. 
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Suppose if we relax the assumption that the weight need not to be non-negative. If sorry,

weight cannot be just 0 or higher than 0 it can be non it can be negative as well. So, if we

remove this assumption, if we remove this constraint which means that weight can be

negative as well. And once, we change this constraint and we solve this for the same

objective function, we realize that for 10 percent of target return the risk now is 7.23 percent

how does that happen?

Because this risk has been changed and we see that we asset allocation has changed

drastically. Here certain assets have got negative weights and other assets have got positive



weights which means short selling constraint is relaxed. So, with this we can implement a

portfolio construction using ETF.
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We can also see if we have other portfolios other assets that we can consider as part of

portfolio and with the data set on those assets to be included in the portfolio we can replicate

this exercise to find the optimal weight where we can find the minimum variance portfolio as

well as maximum return portfolio.
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So, to conclude this session we have seen that using mean variance optimization coming from

the Markovich Portfolio Theory, we can obtain a portfolio of given securities. In this case it

was 10 ETFs, but we can have any other securities for that matter to form a portfolio that

have minimum risk for a expected rate of return or expected target return or maximum return

for a given level of risk.

In this example we replicated the asset allocation exercise with any other set of securities as

well 10 ETFs can be replaced with 10 stocks or 10 funds. Target return needs to be decided in

advance because that is what desired level of return of an investor. Similarly, risk level should

be identified beforehand in case of return maximization objective. With this I end up this

session.



Thank you very much.


