SHORTCUT TO OBTAIN 
THE EFFICIENT FRONTIER 

(short sales allowed)
1. Get the (n x n) variance covariance matrix (V)

2. Get the column vector of expected returns for the assets available ( e ) 

3. Deduct from e a scalar vector “c* i” where c is a constant (you can think of it as a fake risk free rate) and i is a column vector of 1. Call this colum vector x, where 
x = e – c*i 
4. Calculate the column vector z as z = V-1 x
5. Calculate the sum of the elements of z  and get the number Z
6. Obtain the vector of weights w of a minimum variance portfolio dividing each term of the vector z by Z. The sum of these weights should be equal to 1.

7. The minimum variance portfolio you got lies on the frontier on the tangency point with a straight line drawn for value “c” on the Expected Return axis

8. Get the expected return of the mvp portfolio obtained E(Rmvp)= w’ e = e’ w
9. Get the variance of the mvp portfolio returns as Var(Rmvp)= w’ V w   

10. Get the standard deviation fo return as a square root of the variance

11. Rework the whole process choosing a different scalar c in order to derive a second mvp portfolio (its vector of weights y), its expected return and its standard deviation

12. Calculate the covariance between the two mvp portfolio obtained. It is equal to: Cov (MVP1, MVP2) =  w’ V y  

13. Obtain all other mvp portfolio combining the two mvp portfolio you obtained. To do this assign weight  “a” to the first portfolio and weight (1-a) to the second portfolio. 
14. The vector of weights of all mvp portfolio is the above mentioned linear combination of the vector of weights of the two mvp obtained. The same can be said for their expected return. As far as their risk is concerned, the usual standard deviation and variance formula in two asset case applies. 

