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1. PROJECT DESCRIPTION 

1.1.  WHAT IS TO BE ACHIEVED WITH THIS PROJECT  

In this project, I construct many efficient frontiers from various stocks in the DAX30 index to showcase my familiarity with Excel. 

Spreadsheet is an intuitive way to work with data due to its tabular form of presentation and working with spreadsheet does not 

require as much knowledge as other analytical tools do. However, the latest version of Excel included in the Microsoft 365 subscription 

is very sophisticated with many cool features that greatly accelerates the analyzing process. In this project, I will present the 

implementation of such features in the optimization of a stock portfolio.  

Moreover, a short but explanatory introduction to portfolio optimization is also given as the foundation for all the analyses taken in 

this project. The approach presented in this project might not be the best way to optimize a portfolio or construct an efficient frontier, 

because the implemented method focuses on finding the analytical solution to the efficient frontier, and it is more efficient to use the 

numerical approach to achieve the same result. In this project, two approaches are discussed and presented in two separate Excel 

files. Besides the technical details, some aesthetic elements are also taken into consideration because Excel also provides many features 

for customizing the spreadsheet to make it more user friendly.  

1.2.  DETAILS OF THE SHOWCASE SKILLS  

For me, Excel is like an inclusive set of tools with a canvas and lots of other packed instruments ready for the analyst to paint a picture 

or articulate a comprehensive story from raw data, a manifestation of the chaotic real world. Yet Excel does not do that automatically 

following its user’s will, just like all the other tools, but it requires the user to master certain skills to be able to control these tools 

efficiently. The purpose of this project is to demonstrate some of these skills and my knowledge of them.    

In details, these skills include  

• Downloading data of chosen stocks from Yahoo! Finance  

• Importing multiple data files from a folder using Power Query 

• Using MATCH and INDEX functions to transform data from long to wide format 

• Illustrating stock data using line chart in Excel 

• Utilizing named range and table to simplify the implementation of Excel functions and make these functions more intuitive 

• Summarizing information of chosen stocks with statistical functions and the Data Analysis Tools  of Excel 

• Calculating stock and portfolio statistics using Excel functions of matrix algebra 

• Solving optimization problems numerically with Solver  

• Generating customizable series with Fill tool   

• Constructing complex scatter plots to illustrate different types of efficient frontier  

• Generating the table of random values using Data Table tool in What-If Analysis 

These are mostly the tools used for calculation and data transformation. The tools used for data aggregation are not implemented due 

to the nature of this project.  

2. THEORETICAL BACKGROUND AND TECHNICAL DETAILS OF IMPLEMENTED TOOLS 

2.1.  THEORETICAL BACKGROUND: AN INTRODUCTION TO MODERN PORTFOLIO THEORY 

Markowitz’s modern portfolio theory  

The modern portfolio theory (MPT) is a practical method for selecting securities of investment to optimize their 

general return within a desired level of risk. This theory was firstly presented in a paper called “Portfolio Selection” 

of the American economist Harry Markowitz published in the Journal of Finance in 1952, which brought him a 

Nobel Prize later.  

The key idea of the theory is the diversification of risks of many related stocks when put together in a portfolio. 

The theory assumes that investors will always want to minimize the risk for a given level of expected return when 

choosing a security for investment. As a result, the investor must be compensated for bearing a greater risk by Figure 1: Harry Markowitz 

(source: t.ly/-Wcg) 



receiving higher expected returns. With diversification, any collection of securities can be used to construct a portfolio that fulfill the 

specific desired expected returns of the investor while minimizing the risk the agent must bear. 

What is a portfolio? 

Generally, a financial asset is usually characterized by its expected return 𝐸(𝑟) or 𝜇 and risk 𝜎. When many financial assets are bought 

together following certain ratios, we have a portfolio. A portfolio can consist of a wide range of assets including stocks, bonds, 

commodities, cash and cash equivalents, and even real estate, art, and private investments. A portfolio is also characterized by expected 

return μ𝑝 and risk σ𝑝 . 

Diversification and how it works 

The expected return of related financial assets can be correlated with each other, which means that their returns tend to change 

together. The changes can, however, be different in magnitude and direction, so if two correlated stocks are put together in a portfolio, 

the investor can adjust the ratio of the two stocks to construct a portfolio that has the characteristics that he wants. Moreover, the 

difference in magnitude of changes can be utilized to minimize the risk so that the portfolio is less risky than it should be for a certain 

level of return. This phenomenon is regarded as diversification and the core mechanism of MPT. 

Portfolio optimization 

Constructing a portfolio of certain characteristics is an art because it requires the investor to combine different financial assets and 

choose an optimal ratio. Portfolio optimization is the process of adjusting a portfolio to make it more efficient in terms of its return 

over the risk that the portfolio imposes. While the MPT is available to all the investors, each agent might have his or her own 

adjustments to the approach to include their beliefs of the market as well as the advantage of information in the portfolio. Regardless 

of which adjustments are added, all investors must start at the same spot, so being able to optimize a portfolio following Markowitz’s 

MPT is an important step in the the process of creating one’s own way of portfolio optimization. 

2.2.  TECHNICAL INTRODUCTION TO THE IMPLEMENTED TOOLS  

Brooks (2019) has presented a brief instruction to the implementation of MPT in Excel both theoretically and 

technically. In this project, I follow basic steps of this short guide, but also improve the implementation by 

using more advanced and better tools provided by the current version of Excel. The basic operations mostly 

involve in matrix calculation using provided Excel functions for matrix algebra, so the enhancement of these 

techniques will not be too different from this root. 

The fundamental technique that I use a lot in this project is naming a range or a table by a comprehensive 

term, so that I can use this term in further calculations in a more intuitive way. This makes the formula become 

much more understandable and simplify the debugging process if there were any mistake in the implemented 

formulas. This function can be accessed easily by many ways in Excel, one can name a range easily by changing 

the name of that range directly from the name box  on the left side of the Formula Bar and then call 

this name directly in the formula bar to address the named range.  

The ability to generate customized data series is very powerful when plotting. Since the project will focus on the analytical solution of 

the efficient frontier, this technique is very useful to generate any series to plot the shape of the deduced function. Series creation can 

be accessed under the Fill drop-down window as shown in Figure 2.  

These are just techniques that I find important in this project. The other skills are already listed in the previous section. Further 

technical details will be discussed along with the analysis in the next section. 

3. PMT IN EXCEL 1: ASSETS SELECTION FROM DAX30 AND DATA IMPORT 

DAX30 index is a stock market index that consists of the 30 major German blue-chip companies trading on the Frankfurt Stock 

Exchange. The data of DAX30 can be fetched directly from Yahoo! Finance. For a direct view, it can be inspected using the following 

links: 

1. Google 

2. Yahoo! Finance 

Figure 2: customizable data 

series with Fill  

https://www.google.com/search?q=DAX+30+index&sxsrf=ALiCzsblFzrwE1LSz6N7hTXExu8HrXS3rA:1652782872957&source=hp&ei=GHeDYtXdN6yGxc8Puvqq0Ak&iflsig=AJiK0e8AAAAAYoOFKFr8ZMKzjgE30vnRy716aAuV8g-f&ved=0ahUKEwjVyZ-AqOb3AhUsQ_EDHTq9CpoQ4dUDCAk&uact=5&oq=DAX+30+index&gs_lcp=Cgdnd3Mtd2l6EAMyCggAEIAEEEYQ-gEyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQ6BAgjECc6CwguEIAEEMcBENEDOgsILhCABBDHARCjAjoOCC4QgAQQxwEQowIQ1AI6BQguEIAEUABY4xJgzBRoAHAAeACAAVOIAcIFkgECMTKYAQCgAQE&sclient=gws-wiz
https://finance.yahoo.com/quote/%5EGDAXI/history/?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAJ5W42zIxH089O1-wAUS0pcp1_INfsTxH2mIBoXMXa0oubjngN7DPlUvnhIDIWYmqDxNlHGRvCRg0CI29vb0fiUKVIjdQpn4BJJjkNdtBdpAlSwtzQyq0UKLKnRql6iVODWZut3M8AV5NmNMJJwdM54Q6WbCAoTdZT4D_t_hrPta


The first link provides the description and explanation of the index, and the second presents the up-to-date DAX30 data together 

with a downloadable link for viewer the data in other programs. Moreover, Yahoo! Finance also provides a list of components for 

DAX30. In this project, I will optimize a portfolio of 8 stocks chosen from this list and optimize this portfolio. The list of chosen stocks 

is given in the tab Schema of the Excel file, the short version of the table is given below 

Table 1: Information of chosen stocks 

Company Ticker Date Link 

Covestro AG 1COV.DE 6/21/2022 Yahoo! Finance - 1COV.DE  

adidas AG ADS.DE 6/21/2022 Yahoo! Finance - ADS.DE  

Deutsche Börse AG DB1.DE 6/21/2022 Yahoo! Finance - BD1.DE  

Fresenius Medical Care AG & Co. KGaA FME.DE 6/21/2022 Yahoo! Finance - FME.DE  

MERCK Kommanditgesellschaft auf Aktien MRK.DE 6/21/2022 Yahoo! Finance - MRK.DE  

PUMA SE PUM.DE 6/21/2022 Yahoo! Finance - PUM.DE  

Siemens Aktiengesellschaft SIE.DE 6/21/2022 Yahoo! Finance - SIE.DE  

Zalando SE ZAL.DE 6/21/2022 Yahoo! Finance - ZAL.DE  

These stocks are chosen by random, and they are from different industries, so it might be expected that there would be a diversification 

effect on the portfolio. The data of daily prices of the chosen stocks for the last 5 years is downloaded and saved in many csv files with 

the tickers are used as file names (Figure 3) 

 

Figure 3: Getting stock data from Yahoo! Finance 

Then these csv files are imported into Excel using the Get Data function as shown in the Figure 4. When the data is loaded to the 

Power Query Editor, it can be adjusted before being loaded into an Excel sheet.  

 

Figure 4: Loading and editing data with Power Query 

https://finance.yahoo.com/quote/1COV.DE/history?period1=1498003200&period2=1655769600&interval=1d&filter=history&frequency=1d&includeAdjustedClose=true
https://finance.yahoo.com/quote/ADS.DE/history?period1=1498003200&period2=1655769600&interval=1d&filter=history&frequency=1d&includeAdjustedClose=true
https://finance.yahoo.com/quote/DB1.DE/history?period1=1498003200&period2=1655769600&interval=1d&filter=history&frequency=1d&includeAdjustedClose=true
https://finance.yahoo.com/quote/FME.DE/history?period1=1498003200&period2=1655769600&interval=1d&filter=history&frequency=1d&includeAdjustedClose=true
https://finance.yahoo.com/quote/MRK.DE/history?period1=1498003200&period2=1655769600&interval=1d&filter=history&frequency=1d&includeAdjustedClose=true
https://finance.yahoo.com/quote/PUM.DE/history?period1=1498003200&period2=1655769600&interval=1d&filter=history&frequency=1d&includeAdjustedClose=true
https://finance.yahoo.com/quote/SIE.DE/history?period1=1498003200&period2=1655769600&interval=1d&filter=history&frequency=1d&includeAdjustedClose=true
https://finance.yahoo.com/quote/ZAL.DE/history?period1=1498003200&period2=1655769600&interval=1d&filter=history&frequency=1d&includeAdjustedClose=true


When data is loaded into Power Query in this way, the data files should have the same structure as the loaded data is the data from 

all the files stacked on each other. Power query allows for very quick modifications of a huge number of rows. In this case, even though 

the data only has over ten thousand rows in total, transforming data in Power Query is still more efficient than in Excel. With some 

modifications, I only take the Adjusted Closed Price, Ticker, and the Date of the price. I prefer Adjusted Closed Price to Close Price 

since the Adjusted Closed Price is the closing price after having adjusted for all applicable splits and dividend distributions adhering to 

the standards of CRSP. The data is then loaded into Excel and has a long table form as illustrated in the Figure 5. This form looks neat 

but is not comfortable for the analysis I will do in this project, so I must transform it into a wide table form, each column of which 

provides the information of the adjusted closing price of one stock with the date as the index of the table. In Excel, this operation is 

regarded as unpivoting a table. There are many ways to do this, and I will use MATCH and INDEX functions to perform this task. 

 

Figure 5: Unpivoting table in Excel 

MATCH and INDEX is a very powerful combination of functions specially used for lookup. They are more flexible than VLOOKUP 

or even XLOOKUP as they allow for a match of data with multiple conditions. In this case, I use this combination to look for the price 

of (1) a specific ticker in (2) a specific day, which are two conditions and cannot be done by the normal VLOOKUP and XLOOKUP 

functions. Moreover, I also named the long table as raw_long to make it more convenient to call it in the formula. The result is a long 

table with date as the index and closing price of each stock stored in each column named by the stock ticker ready for further analysis. 

Before going to the detailed analysis, it would be better to do some visual inspection by looking at a line chart of the stock prices to 

see how the daily prices change in the last five years. This is done easily in Excel by the Charts function in the Insert tab. The result is 

presented below 

 

Figure 6: Adjusted closing price of the chosen stocks 

Some of the stocks follow a similar trend while the others do not. The magnitudes of change are also varied depending on the stock 

so a diversification effect can be expected from this data. 
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4. PMT IN EXCEL 2: EXPECTED RETURNS AND VARIANCE-COVARIANCE MATRIX 

Returns is used instead of closed price to eliminate the day-to-day autocorrelation and can be simply calculated by simple or log 

returns. In this spreadsheet, the simple return is used: 

𝑟𝑡 =
𝑝𝑡 − 𝑝(𝑡−1)

𝑝𝑡
× 100% 

where 𝑟𝑡 denotes the return at time 𝑡 and 𝑝𝑡 denotes the asset price at time 𝑡. 

The result is stored in a table named as return. This matrix is then used to calculate the statistics that describe the characteristics of 

the chosen stocks such as mu and sigma respectively with the functions AVERAGE and STDEV.S, the results are stored in the two 

respective vectors regarded as v.mu and v.sigma to make further operations more convenient (Figure 7). 

 

Figure 7: Returns matrix and vectors of stock statistics 

Generating a Variance - Covariance Matrix in Excel 

There are many ways to generate a Variance - Covariance matrix in Excel.  

1. The first matrix is generated using the Data Analysis function in the tab Data  

2. The second matrix is generated using the COVARIANCE.S function, this function uses the sample covariance formula to 

calculate the covariance/variance  

3. The third matrix is generated using the matrix formula. Firstly, the matrix of actual returns (𝑅) is calculated. With 𝑇 as the 

number of observations, the Variance - Covariance matrix (𝑉) is calculated using the following formula 

𝑉 = 𝑅′𝑅 × (𝑇 − 1)−1 

As can be seen from the result (Figure 8), the second and third way of calculation result in the same matrix, which might be caused by 

the fact that the Data Analysis tool uses another formula to calculate the covariances. The second matrix is named m.V and used for 

further calculation in this spreadsheet.  

 

Figure 8: Different ways of generating the Variance-Covariance matrix 



The matrix of actual return is named X and calculating the deviations of daily returns from the respective expected return of each 

stock. Then the following formula can be used to calculate the Variance-Covariance matrix easily:  

=MMULT(TRANSPOSE(X), X)/(T-1) 

The function TRANSPOSE creates a transposed matrix of X, and then the matrix multiplication is done by the function MMULT. T is 

the number of observations, which is the name assigned to this number in another calculation. Therefore, naming range is so powerful 

because it makes the Excel formula more comprehensive, it is like assigning a name to a variable in other programming languages then 

use this variable in calculation by calling its name.    

5. PMT IN EXCEL 3: EFFICIENT FRONTIER WITH SHORT SELLING 

With the expected return column vector 𝛍, variance-covariance matrix 𝑽, define 𝒘 as the column vector of the weights of all assets 

in the to-be-constructed portfolio and 1 as the column vector 1, the minimum variance portfolio for each given μ𝑝 is determined by 

solving the minimization problem  

𝑚𝑖𝑛
𝒘

𝒘′𝑽𝒘 subjected to 𝒘′𝝁 = μ𝑝, 𝒘
′𝟏 = 1 

The resultant optimal weight is 

𝑤∗ =
𝐶μ𝑝  −  𝐵

𝐴𝐶 −  𝐵2
𝑽−𝟏𝝁 +

𝐴 −  𝐵μ𝑝

𝐴𝐶 −  𝐵2
𝑽−𝟏𝟏 

Where 𝐴 = 𝝁′𝑽−𝟏𝝁, 𝐵 = 𝝁′𝑽−𝟏𝟏, 𝐶 = 𝟏′𝑽−𝟏𝟏. Rearranging the formula to make it tidier: 

𝑤∗ =
𝐴𝑽−𝟏𝟏 − 𝐵𝑽−𝟏𝝁

𝐴𝐶 − 𝐵2
+
𝐶𝑽−𝟏𝝁 − 𝐵𝑽−𝟏𝟏

𝐴𝐶 − 𝐵2
μ𝑝 = 𝐷 + 𝐸μ𝑝 

Without the constraint 𝒘′𝝁 = μ𝑝 , the desired portfolio return μ𝑝 is not given, so the solution to the minimization problem is the 

weight of the minimum variance portfolio (MVP), which is derived by the formula 

𝑤𝑀𝑉𝑃 =
𝑉−11

1′𝑉−11
 

The corresponding portfolio expected return and standard deviation of the MVP are 𝜇𝑀𝑉𝑃 =
𝐵

𝐶
,  𝜎𝑀𝑉𝑃 =

1

√𝐶
. 

When the desired portfolio return μ𝑝 varies and this problem is solved accordingly for each chosen value μ𝑝 then calculating the 

corresponding values of portfolio risk σ𝑝 , the collection of all the pairs (μ𝑝, σ𝑝) is the minimum variance frontier (MVF). Letting the 

technical details aside, the function of the MVF is expressed as follows 

σ𝑝 = (
𝐶μ𝑝

2 − 2𝐵μ𝑝 + 𝐴

𝐴𝐶 − 𝐵2
)

1
2

 

Efficient Frontier (EF) is the upper part of the MVF, which consists of all the portfolios that have the higher risks and higher returns 

than the MVP and the portfolios below it on this line. This is the analytical solution to the optimization problem that I want to seek. 

In Excel, I just need to simply calculate the core values 𝐴, 𝐵 and 𝐶 as the inputs for these values are already available. The corresponding 

Excel formulas are given in the table below 

A =MMULT(v.mu,MMULT(MINVERSE(m.V),TRANSPOSE(v.mu))) 

B =MMULT(v.mu,MMULT(MINVERSE(m.V),TRANSPOSE(one))) 

C =MMULT(one,MMULT(MINVERSE(m.V),TRANSPOSE(one))) 

Table 2: Excel formulas for the values A, B, and C 

With these values, the weight vector of the MVP is calculated following the formula deduced above and so are the characteristics of 

this portfolio. It should be noticed that the format of the vectors (row vs column) in the spreadsheet is different from how it should 



be following the formulas. As a result, the Excel formulas must be adjusted accordingly so that they will give correct results. This 

explains why some might find that the actual Excel formulas might be different from those in the original analytical solutions. Moreover, 

the values of 𝐴, 𝐵, and 𝐶 are also named c.A, c.B, and c.C in the spreadsheet for the later operations. The Excel formula for the 

weight is then 

=MMULT(MINVERSE(m.V), TRANSPOSE(one))/c.C 

The vector one in this formula is the vector of 1s mentioned above. The next step is generating the Frontiers, as the function of σ𝑝 

requires a reasonable range of μ𝑝 as input, so this series must be generated first. This is easily done by utilizing the Fill feature discussed 

above. After entering the first value of the series in a cell and choosing Series in the Fill dropdown panel, the Series window will appear 

as in Figure 9. The Figure shows that I would like to create a series of values from -0.001 to 0.0015 in the column below the firstly 

entered value of -0.001. 

 

Figure 9: Generating a series with Fill Series 

Then the corresponding series of σ𝑝 can be generated accordingly using the function of MVF discussed above. This is how the next 

column beside the column MVF mu, MVF sigma, is generated. With these two columns, the statistics of the MVP and the chosen 

stocks, the MVF and EF can be generated using the scatter plot feature of Excel (Figure 10). 

 

Figure 10: Efficient frontier with short selling 

6. PMT IN EXCEL 4: EFFICIENT FRONTIER WITHOUT SHORT SELLING 

It is often the case that we want to place additional constraints on the optimization, such as 

• Restrict the weights so that none is greater than 10% of overall wealth 

• Restrict them to all be positive (i.e. long positions only with no short selling) 

In such cases, the Markowitz portfolio allocation problem cannot be solved analytically, so a numerical procedure must be used. If the 

procedure above is followed repeatedly for different return targets, it will trace out the efficient frontier. 



With the expected return column vector 𝛍, variance-covariance matrix 𝑽, define 𝒘 as the column vector of the weights of all assets 

in the to-be-constructed portfolio and 1 as the column vector 1, when sort selling is not allowed, every element 𝑤𝑖 of the weight 

vector 𝑤 must be non-negative.  

 

Figure 11: Solver setup 

Using the Solver in Excel with the parameters shown in Figure 11, a table of the minimum variance portfolios is generated by repeating 

this process with different desired expected returns shown in the Table below as the input to construct the EF numerically. When the 

constraint mu_P = mu_target is not given in the constraints list, the result is the weights of the MVP. 

 

Figure 12: Inputs for EF without short selling 

The result is an EF without short selling presented in the Figure 13. 

 

Figure 13: Efficient frontier without short selling 



7. PMT IN EXCEL 5: EFFICIENT FRONTIER WITH SHORT SELLING AND RISK-FREE ASSET 

In the case there exists a risk-free asset and short selling is allowed, the analytical solution for the efficient frontier with risk-free asset 

of rate 𝑟𝑓 is 

𝜇𝑝 = 𝑟𝑓 + 𝜎𝑝√𝐴 − 2𝐵 × 𝑟𝑓 + 𝐶 × 𝑟𝑓
2 

With 𝐴,  𝐵,  𝐶 defined similarly to the case of efficient frontier with short selling. 

Tangency portfolio between the efficient frontier with the risk-free asset and the efficient frontier without the risk-free asset is another 

special portfolio that is extremely relevant, whose weight vector 𝒘𝑻𝑷 is calculated as follows 

𝑤𝑇𝑃 =
𝑉−1(𝜇 − 𝑟𝑓)

1′𝑉−1(𝜇 − 𝑟𝑓)
  

These formulas only require one new input, the risk-free rate 𝑟𝑓 . For each chosen level of risk-free rate, following the same steps 

presented in the previous section, the scatter plot of the EF with short selling and the tangent portfolio as in the Figure 14. 

 

Figure 14: Efficient frontier with risk-free asset and short selling 

8. RELATED INFORMATION AND DATA 

8.1.  DATASET 

The raw data files are included together with the Excel file and the documentation 

8.2.  CHANGE LOG 

24/06/2022: v0.1 first establishment of the documentation 
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