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Hello there we are talking about exchange traded funds as an investment up class and we

know that exchange traded funds are very much similar to mutual funds, but they are listed

and traded on stock exchanges. In this session, we will talk about how to form a portfolio

using exchange traded fund as an asset.

(Refer Slide Time: 00:49)

Specifically, we are going to talk about an illustrative example of portfolio construction using

exchange traded funds, where the assets will be exchange traded funds. And we will form a



portfolio using our understanding of portfolio theory, but it will be implemented in excel

ad-in that is using solver we will construct a portfolio, where the assets will be ETFs.
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(Refer Slide Time: 01:19)

To start with, we know that we should have some historical data, we know from our

understanding of portfolio theory that we need to have an understanding of historical trends in

risk and return for assets that are to be considered for constructing a portfolio or for creating a

portfolio of assets. Here, we have the monthly closing prices of 10 exchange traded funds.

Let us name them as ETF1, ETF2, 3, 4 till 10. We have data for 5 years starting from

December 2017 till December 2022, where these 10 exchange traded funds that are listed on a

stock exchange are selected for including in a portfolio. And these are the data on the prices

of these ETF, which implies that this particular number is the NAV or the price of that

particular ETF1 as on the last working day of December 2017. And similarly, for January

2018, it is 12.75, further it is 13.16 and so on.



Here these are the missing sales; basically, we have the data in a spreadsheet that we will

discuss later. But for now, we have the data set for all these 10 ETFs on a monthly basis,

where the prices are available for a 5 year period. Now, once we have the data, the next

approach or next step is to calculate the return.
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We know that to calculate the return, which is basically returns in terms of changes in

monthly closing prices. Here we will use this formula, where we have the return of an asset i.

So, return on asset i at time t, which is basically the monthly time period is based on or is

calculated on the basis of price of asset i at time t minus price of asset i minus time, into t at t

minus 1 with respect to the price of asset i at time t minus 1. We know this argument, we



have learnt it before, we have discussed in detail, where suppose at time 0, we have 100

rupees of investment and if at time 1, the value of this investment is 110 and we sell it off.

So, we know that return will be calculated as price at time 1 minus price at time 0 divided by

price at time 0. So, we can calculate this as 110 minus 100 upon 100. So, this tell us

percentage return or percentage change in price. Similar argument is used here, where we will

calculate the return on each ETF on a monthly basis.
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Since we have the data from December 2017, so first return will be calculated in January

2018. So, first return on asset 1 that is ETF1, ETF2 through ETF10 will be calculated in

January 2018 and subsequently we will find the return for every month for each of the 10 ETF

that we are considering here.
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This is the way we can calculate the return. So, this is the snapshot of the returns on 10 ETFs

that we have calculated using the price data starting from December 2017. Since we are

considering to calculate the return on individual ETFs by using the previous month's data and

change from previous month to current month as return.

So, the first return is coming in the month of January. So, here we have the return for ETF1 in

the month of January as 0.033225 that is 3.3225 percent. Similarly, next we will calculate the

return for individual ETFs accordingly and we will we will have a panel of a data set of

returns or rather monthly returns on 10 ETFs for a period of 5 years. 



Now, if we are using this example, if we are implementing this example in a spread sheet

such as my excel then we know that we can use some sort of function where we can calculate

the change in price using simple function where we will have the price data.

So, here if we have this price data and these are the cells that we know we have. So, let us say

this is cell number 1, cell number 2, row number 4, row number 5 and so on and this is cell A

or column A, column B, column C, column D. We know that the first return on asset ETF1

will be calculated by using the price in B 3 minus B 2 divided by B 2. If we are using this

example in excel sheet then we will use this function to find out the percentage change in

price which is in the form of return.

So, this will be the a function for excel sheet implementation that we will discuss later. Once

we have the return, we know that to form a portfolio we need to have a set of assets which for

which we have to calculate the variance covariance matrix because we understand that

portfolio return can be weighted average rate of return of individual assets. If you could recall

the formula for return of a portfolio its basically weight of individual assets and return of

individual assets sum together.
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But when it comes to the formula for portfolio risk which is variance of the portfolio, we

know that it is based on sigma asset i square weight asset i square sigma asset j square weight

for asset j square plus 2 into sigma i weight i sigma j weight j and rho that is correlation

between i and j. This is the formula for portfolio risk.

Now, if we have to calculate the portfolio and we need to know which assets are to be

included in a portfolio, then we have to have the variance covariance matrix in with us. So,

that we can use this variance covariance matrix to construct a an optimal portfolio.
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Now, here we have the return and once we have the return, we can proceed further to

calculate the annualized return and standardized or annualized risk. Now, this is required

because for any set of data if we do not know the average rate of return, we cannot know the

expectations. So, we first calculate the annualized return and annualized standard deviation to

get an idea about average return and average risk on each of the 10 exchange traded funds.

So, in a simple way what we did was we found the total return of the return of series of

individual assets and annualized it by dividing multiplying it with 12 that is number of

months in a year since we have the monthly data. So, we find the average of all the returns for

individual assets for individual ETF and annualize it by multiplying it with 12. So, this is the

data that we get where we have for ETF the average rate of return is 10.14 percent per year

and annualized standard deviation is 10.85 percent.



For ETF 2 we have annualized rate of return as 4.19 percent and annualized standard

deviation is 14.90 percent, then we have ETF 3 where we have annualized return as 1.93

percent and annualized standard deviation as 18.69 percent and so on. We know that none of

the assets none of the ETFs has generated more than 10.14 percent of return in any case. So,

that is the highest return generated by this ETF during this 5 year period on an annual basis

and if you look at the risk then we see that this is the highest risk that ETF has carried or ETF

data has shown.

Now, with this understanding now since we were talking about implementing this example in

an spread sheet or excel we know that we can use the function of average from for all the

returns multiplied with 12 and similarly for standard deviation we need to annualize it since

standard deviation for all the assets put together on an average and multiplied with square

root of 12. And this way we should be able to find out the annualized rate of return for

individual ETF in this case ETF1 through ETF10.
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Now, once we have the annualized rate of return that will give us an idea about average return

and average risk to be expected from individual assets individual ETFs. Next comes the pair

wise correlation. So, we will calculate the pair wise a correlation or across correlation or

across securities across ETFs. We know the correlation formula here for example, if we

implement this formula in excel, we know that the correlation can be calculated by using this

formula where x is series 1 and y is series 2 or observation 2.

So, if we have 2 data series x and y then we can calculate by implementing this formula to

find the correlation or pair wise correlation for the data set that we have. This is the

correlation that we can generate. We can see here that for correlation between ETF1 and

ETF1 its 1. Similarly, for ETF2 and ETF2 it is 1 and so on. So, if we look at the correlation



between ETF1 and ETF2, then it is 0.52. If it is correlation between ETF1 and ETF3 it is

0.52. If it is correlation between ETF4 and ETF1, then we have 0.47 and so on.

So, in this way we can have the pair wise correlation across correlation across 10 securities

that we have. Once we have the correlation the next step that we need to implement is

covariance.
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Now, covariance formula is pretty straightforward. Here we know that if we have 2 data

series where x and y are 2 data series then we can calculate the covariance between x and y by

implementing this particular formula. And here we have the covariance of all the 10 securities

or 10 ETFs calculated as follows.



If we are implementing this particular example in an spread sheet then we know that we can

use the function covar for these data points that is N3 through N62 which is basically the

return for asset ETF1 for the entire period. And similarly, we can use this function for

calculating the covariance between ETF1 and ETF1, similarly ETF1 and ETF2, ETF1 and

ETF3 and so. Now, we have average rate of average return, we have average risk, we have

correlation and we have covariance.

Now, with all this can be implement in Excel for example, the portfolio theory or the

approach through which we can find how much of investment, how much of money of total

pool or total fund should be invested in ETF1 and ETF2 and 3 and 4 throughout 10. So, that

we can either have the maximum return as an investor or we can have the minimum risk.

Remember as an investor our dream our goal is to achieve maximum return for the minimum

risk, but both typically is not achieved together.

So, we can achieve, we can obtain a portfolio, we can construct a portfolio of assets which

will give us maximum return for a given level of risk or minimum risk for an expected level

of return. From our understanding of portfolio theory, we know that if we are sure about what

return to expect then we can using portfolio theory we can figure out what will be the

minimum risk that I need to assume if I want to achieve that rate of return.

Similarly, if I know about how much risk I can bear, what is the maximum risk that I can

tolerate then using portfolio theory we can figure out what will be the maximum return that I

need to ask for. So, here we have all the ingredients average return, average risk correlation,

covariance.
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And now we will proceed further for implementing this example in a portfolio theory. Now,

the task of a portfolio theory is twofold. One to quantify the relationship between risk and

return which means to tell us how much extra return should be asked for every unit of risk or

every unit of additional risk that we are assuming. So, if I move from 1 unit of risk to 2 unit

of risk what should be my expectation in terms of extra return?

If we remember in portfolio theory we have learned that if this is the risk that I have I can

carry and we know that the portfolio theory suggest about something like this where we have

this kind of relationship this is a frontier of risky asset, this is risk free asset and this

particular curve. So, this is the curve that tells us about the frontier of risky asset and this

basically is risk free asset and when we combine risk free asset with risky asset this is the



frontier that we obtain and if we move along this frontier this curve, we get a portfolio that

will have exposure to both risky assets and risk free asset.

So, if we know that as an investor I have this much of risk tolerance or this much this is the

risk that I need to I can bear then this portfolio theory tells us that this is the maximum return

that I can earn. Similarly, if we know that this is the risk this is the maximum risk that I can

bear then this is the maximum return that I have to expect if we combine both risky assets and

risk free asset and if we do not combine risk free asset then this is the return that I have to

accept if this is if this is my level of risk tolerance.

So, this is the first task of portfolio theory. Second task of a portfolio theory is tell us in what

proportion funds should be invested or should be allocated across different assets available

for investment such that investor is able to achieve either return maximization objective or

risk minimization objective. So, second task of a portfolio theory is to find the weight of

individual securities that are going to be included as part of the portfolio.

Now, here we are going to use this this data to find the weight of individual ETFs that are

included in the portfolio through solver that is an add in. So, if you have not gone through it

before then I would request you to see if you can activate solver add in beforehand and in the

excel program and then you can proceed further.
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So, to add this solver add in in the excel program we go to file, then option, then add in and

go and here we have this this type of window where we have excel add in and we go with this

excel add in that gives us a solver add in along with other options. So, if we use this solver

add in and subsequently, we can just click on ok and figure out that solver add in is added

here. Now, with this we are ready to repeat this exercise or implement this example of finding

weights of individual ETFs that are to be included in the portfolio.
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Now, let us recall the n asset Markowitz portfolio theory or Markowitz problem. Remember

typically our investor wants to minimize the risk. So, when we try to minimize the risk

basically its minimizing the total risk of the portfolio which comprises of asset i and j.

So, we use this objective function of minimization of total risk subject to certain constraints

and these constraints are in whatever proportion we us allocate the asset across allocate the

budget allocate the funds across different assets it should give us a desired rate of return. 

So, we want to minimize the risk for a given level of return. Remember that example the

scenario where we have efficient frontier and we want to minimize the risk for a given level

of return. Suppose an investor says that this is the return that I want to earn. So, what will be

the minimum risk that I need to bear?



So, this task is done by portfolio theory. So, it asks the optimizer to minimize the risk for the

portfolio subject to the return constraint that is return should be the return on the portfolio

should be the weighted average rate of return for individual securities and 100 percent weight

100 percent of the funds should be allocated to different assets as part of the portfolio. So, the

sum total of all the individual weights should be equal to 1.
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Now, with this here we know that we if we allow the portfolio weight vector W to take any

real value, but sometimes we would restrict the portfolio weights by adding more constraint

to the above objective function and if we demand weight of individual securities being greater

than equal to 0 where individual securities could be 1, 2, 3, n that we do not then then we

know that we are not allowing short selling which means we are putting the constraint of not

having non-negative weight, negative weights.



So, essentially, we mean to say that we do not want to have any negative weights rather all

weight should be 0 or greater than 0. Similarly, if we demand another function then we

require the portfolio weight w to lie between lower and upper boundary l and u respectively.

So, yeah if we have this these conditions, we can put these constraint and subsequently we

can find the value of w for irrespective assets.
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Here r that is the expected rate of return it desired or expected rate of return on the portfolio

and factor 1 by 2 is scaling factor in order to get nicer simpler formula.
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So, we know already about this Markowitz portfolio theory and using this argument we are

trying to find the weight of individual securities that we want to include in the portfolio and

here this is the way we calculate the weight. So, what we do here is in this particular table we

start with 10 ETFs ETF 1 through ETF 10 and to begin with we have one equally weighted

portfolio where 10 percent each is invested or allocated to the 10 ETFs that we have which

mean total weight should be 100.

This particular column indicates about the target return of whatever percentage of return that

we expect from the investment in portfolio and this return should be basically a function of

average rate of return or just recalling from previous calculation annualized rate of return of

individual ETFs multiplied with these percentage or these weights of individual securities.



So, remember the weight i into r i where r i is annualized rate of return and weight here for

the time being is given as 10 percent each, but we will try to optimize it we will try to change

this and this will be sum together to find this rate of return and this is the standard deviation

that we want to reduce we want to minimize.
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So, what we do here is we put the objective function of minimization of standard deviation

that is if we are implementing this example in excel sheet, we use the datas data option data

tab to go to solver under analyze then we have an option set objective and we have the option

to minimize that minimization of objective. And then we put the constraint the constraints are

target return that is whatever return we are want to achieve non-negative weights and total

weights or sum total of individual weight should be 1.



So, in solver we put the data tab go to solver under analyze then by changing variables sales

of a particular set of sales which is basically nothing, but the weight assigned to individual

ETFs. So, to start with we will have a by default weight of 10 percent each, but we want to

change this by using this solver. 

Now, we also have to put constraint and the constraint will be in solver we go to data tab

solver under analyze function then subject to constraint where we will put the constraint such

that the target return should be return that we are here.

So, this particular return should be equal to this particular return that we have decided. So,

second constraint is about the weight being not more than 1 which implies that we cannot

invest more than 100 percent of the money. Third constraint is about non-negative weights

which is basically we cannot allow short selling and finally, the last constraint is about total

sum total of individual weight should be 1 or 100 percent of the funds available. 

With these constraints and objective function, we will go ahead with implementing this in

solver where we have all the constraint and objective function written.
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So, here we have the objective function which is the minimization of standard deviation then

we have by changing the sales particularly changing the weights and then we have the

constraint that are in input given here and with this we solve this and the for further results we

will discuss in next session.
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So, so far in in this session we know that ETFs are one of the emerging asset classes and

using ETF data as a set of assets we that can be combined to form a portfolio we are going to

implement. 

This as an a portfolio optimization exercise using excel solver where we have the five year

monthly data on ten ETFs that are used for demonstrating this portfolio formation using

objective function constraint and we try to find the optimal weight that can be assigned to

individual ETFs to minimize the risk of the portfolio. With this I end up this session.
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Thank you very much.


