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Part I

『Introduction』

▷『Target Companies』

▷『Introduction of Project』

▷『Five Constrains』



Introduction of Project

▷ Purpose

The purpose of this Final Project is to practically implement the contents covered in Chapter 7 (Efficient Diversification) 

and Chapter 8 (Index Models) from class material Investments By Zvi Bodie. 

The project aims to find the regions of permissible portfolios (efficient frontier, minimal ris portfolio, optimal portfolio, 

and minimal return portfolios frontier) for the five cases of the additional constraints:

▷ Dataset
The dataset acquired from Yahoo! Finance contains recent 20 years of historical daily total return data for ten stocks 

(introduced as target companies). One equity index  (S&P 500) and an Effective Federal Funds rate (risk-free :FEDL01) are 

introduced. 

To simulate a close-to-reality portfolio investment and reduce randomness, the ten target companies come from four 

diversified industries. 

Aggregate the daily data to the monthly observations to lessen the non-Gaussian impacts, and then compute the correct 

optimization inputs for the entire Markowitz Model and Index Model. 

Determine the areas of acceptable portfolios (efficient frontier, minimal risk portfolio, optimal portfolio, and minimal 

return portfolios frontier) with five extra constraints by optimization of MM and IM models.

▷Main Steps



Five Constrains

Constraint 1

Constraint 2

Constraint 3 A “free” problem, without any additional optimization constraints

Constraint 4

Constraint 5



Target Companies

Tech Tech FinancialFinancialTech

Nvidia Corporation is a 

global leader in artificial 

intelligence hardware and 

software based in Santa 

Clara, CA. It is a software 

and fabless company which 

designs GPUs and APIs for 

data science and SoCs for 

the mobile computing and 

automotive market. 

Cisco Systems is a 

multinational technology 

conglomerate corporation 

headquartered in San Jose, 

CA. Cisco develops, 

manufactures, and sells 

networking hardware, 

software, and 

telecommunications 

equipment.

Intel Corporation, 

headquartered in San Jose, 

CA, is the world's largest 

semiconductor chip 

manufacturer. Intel supplies 

microprocessors for PCs and 

also manufactures 

motherboard chipsets, 

network interface controllers 

and integrated circuits. 

Goldman Sachs, headquartered 

in New York City, is the largest 

financial services provider in 

the world who offers services in 

investment banking, securities, 

asset management and 

investment management. It also 

operates private-equity funds, 

credit, real estate funds, and 

hedge funds. 

U.S. Bancorp is a leading 

banking institution in the United 

States. The company provides 

banking, investment, mortgage, 

trust, and payment services 

products to individuals, 

businesses, governmental 

entities, and other financial 

institutions. 



Target Companies

Financial
Consumer DefensiveConsumer DefensiveFinancial Healthcare

TD Bank is a leading banking 

institution primarily operating 

across the  East Coast. 

Founded by January 1852, TD 

has 170 years history in 

financial services. The 

company provides banking, 

investment, mortgage and 

payment services to 

individuals, governmental 

entities, and other financial 

institutions. 

The Allstate Corporation is 

one of the largest insurance 

company in North American. 

The company provides 

insurance products, (auto 

insurance, homeowners 

insurance, healthcare insurance 

etc.), wealth transfer (business 

succession planning products 

etc.) and other financial 

services.  

The Procter & Gamble 

Company is a consumer 

goods manufacture 

specializing in a wide range of 

personal health/consumer 

health, personal care and 

hygiene products and also 

produce food, snacks, and 

beverages.

Johnson & Johnson is an 

American manufacturer of 

healthcare products, medical 

devices and pharmaceuticals 

with global headquarters in 

New Brunswick, New Jersey, 

USA. The comapny consists of 

more than 250 subsidiaries 

around the world, and its 

products are sold in more than 

170 countries.

Colgate-Palmolive 

Company is an American 

consumer products company 

headquartered on NYC. It 

specializes in the production, 

distribution and provision of 

household, health care, 

personal care and veterinary 

products.



Part II

『Data&Methods』

▷『Session II』

▷『Preview of Data』

▷『Session IV』

▷『Session III』



Preview of Dataset

Start With Raw Daily Data for Recent 20 years

Contains price of ten target stock, S&P 500 index and a federal funds rate

(FEDL01)



Preview of Dataset

Aggregate the daily data to the monthly observations for ten stock, 

S&P index and NRFR

Calculating the NRFR with formula : 

Previous NRFR * (1+FEDL01/100/252)



Session II

Calculating the monthly return with formula : 



Calculating excess return with formula : 

Session II



Session II

Calculating annualized average return with formula : 



Session II

Calculating annualized StDev with formula : 



Session II

Calculating Beta with formula : 



Session II

Calculating Alpha with formula : 



Session II

Calculating Residual Excess Returns :



Session II

Calculating Residual stDev Returns :



Session II

Calculating Correlations:



Session III

Random Generating data for MM&IM models 

and Calculating Return, StDev, Sharpe value for both models

M

M

Annualized average return

Weight of each stock



Session III

Calculating stDev, sharpe

MM

Annualized average returnWeight of each stock Correlation



Session III

Calculating Return

IM

Weight of each stock Weight of each stockBeta

Annualized Av Return

Alpha



IM Session III

Calculating stDev & Sharpe

Weight of each stock Beta Annualized stdev of s&p Residual StDev



Session III

IM

MM

Plotting scatterplot for MM & IM model

according to randomly 

generating data



Session IV
Employ Solver to find MinVariance and Maxsharp of Markowitz Model

Calculate capital allocation line

MM



MM Employ Solver to find StDev for 13 or 14 different returns

Name it as Minvar Frontier 

Employ solvertable to find Min Variance 

Frontier, Min Return Frontier, Max Return 

Frontier

Incorporate Minvar Frontier,  Min 

Variance Frontier, Min Return 

Frontier, Max Return Frontier to 

original plot

Session IV



Session IV
Employ Solver to find MinVariance and Maxsharp of Index Model

Calculate capital allocation line

IM



IM Employ Solver to find StDev for 13 or 14 different returns

Name it as Minvar Frontier 

Employ solvertable to find Min Variance 

Frontier, Min Return Frontier, Max Return 

Frontier

Incorporate Minvar Frontier,  Min 

Variance Frontier, Min Return 

Frontier, Max Return Frontier to 

original plot

Session IV



Session IV MM & IM plot

MM

IM



『Markowitz Model』

Part III



FormulasMM

▷Portfolios return

▷Portfolios risk

)



Constraint 1MM

▷Method



Constraint 1IM



Constraint 2MM

▷Method



Constraint 2MM



Constraint 3(free portfolio)MM



Constraint 4MM

▷Method



Constraint 4MM



Constraint 5IM

▷Method



Constraint 5MM



『Index Model』

Part IV



FormulasIM

▷Portfolios return

▷Portfolios risk



Constraint 1IM

▷Method



Constraint 1IM



Constraint 2IM

▷Method



Constraint 2IM



Constraint 3IM



Constraint 4IM

▷Method



Constraint 4IM



Constraint 5IM



Constraint 5IM



『IConclusion』
『Conclusion』

Part V



All constraintsMM From outer to inner

 Constr 3(No constraint)

 Constr 2

 Constr 5

 Constr 1

 Constr 4

• Compared with other constraints, 

the asset allocation of MM under 

constraint 4 is quite different, 

because short position is not 

allowed to exist, and it is greatly 

restricted by the principal, which 

leads to a great difference 

between the asset allocation and 

other combinations. 

• And the exclusion of a broad index 

had negative effect.



All constraintsIM
From outer to inner

 Constr 3(No constraint)

 Constr 2

 Constr 5

 Constr 1

 Constr 4

• For the portfolios return, in the 

comparison of constraint 1, 

constraint 2, and constraint 3, it 

can be seen that almost all 

portfolios return showing a trend 

of reduction in return But the 

weight was close between 

different constraints. 

• And also constraint 4 shows a 

limited area.

• And the exclusion of a broad index 

also had negative effect in index 

model.



Comparison
IM

MM

From the optimal asset allocation obtained by MM and IM, we can see that the

Two models are showing highly consistent in the trend but slightly different on the specific portfolios chosen. 

Overall, The index model tend to have higher return in low risk area when seeking efficient frontier. And a lower 

return as well as a lower loss when seeking inefficient frontier. We prefer that index model can perform better in 

low risk area.



Comparison
IM

MM

And further compare the Minimal variance portfolios and max sharp 

portfolios for these ten stocks gaven by these two models:

1. The Markowitz model performs better on finding more risk 

efficient portfolios for every constraint.

2. The index model performs better on finding the lowest risk 

portfolios fot every constraint.

3. The differences might arise from the index model could be 

considered to have a improvement over the Markowitz model in 

a way that it reduces the estimations needed (The correlation 

between each stocks) by relating them to a single index.
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