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Recall T is point on the efficient frontier in most counter-
clockwise directions.  Equation of line Tangent at T is: 
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Moving in most counter-clockwise directions is 
equivalent to maximizing slope.  Thus, the objective is 
to find portfolio where: 
 
 

 

T

F
R

T
R

σ
θ

−
=  

 
is maximum. 
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   Subject to 1iX =Σ  
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Θ can be written as: 
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recall how to take a derivative using the chain rule 
namely: 
 
 
 
 YdXXdYY,Xfd +==Θ 







  

 
 
and that 
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or 
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where: 
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First order conditions 
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Example 3 securities: 
 
 
 

313Z212Z2
11ZFR1R σσσ ++=−  

 
 
 
 
 

323Z2
22Z211ZFR2R σσσ ++=−  

 
 
 
 
 
 

2
33Z232Z311ZFR3R σσσ ++=−  
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Z1FRR Σ=−  

 
 
and 
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Typical Element: 
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Thus 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Short Sales Not Allowed 
 
 
 

Minimize 2σ  
 
 
Subject to: 
 

1. 1iX =Σ  

 
 

2. pRiRiX =Σ   

 
 

3. 0iX ≥Σ  

 
 
 
Quadratic Programming Problem 
 
 
Since have squared and cross product terms. 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


