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MAEG4070 Engineering Optimization 

Solution 3 

 
1. The Lagrangian function is  

 
Then the KKT condition is 

 

For the point 𝑥∗ ൌ ቀଷ
ଶ

,
ହ

ଶ
ቁ
்
, we can get that 𝜇ଵ ൌ 6, 𝜇ଶ ൌ െ1 ൏ 0.  

Therefore, it is not a KKT point. 

2. (1) Denote the objective function as 𝑓ሺ𝑥ሻ ൌ ሺ𝑥ଵ െ 1ሻଶ ൅ ሺ𝑥ଶ ൅ 1ሻଶ, then gradient is 

 
And the Hessian matrix is 

 
So 𝑓ሺ𝑥ሻ is a convex function. Denote 𝑔ሺ𝑥ሻ ൌ 𝑥ଵ െ 2𝑥ଶ ൅ 5, then the constraint can 
be represented as 𝑔ሺ𝑥ሻ ൑ 0. 
Since both 𝑓ሺ𝑥ሻ  and 𝑔ሺ𝑥ሻ  are convex functions, the problem is a convex 
optimization. 
(2) The feasible region and the contours of the objective function are 

 

Therefore, 𝑥∗ ൌ ሺെ0.6, 2.2ሻ, 𝑓∗ ൌ 12.8. 
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(3) The Lagrangian function is 

 

The KKT condition is 

 

If 𝜇∗ ൌ 0 , then 𝑥ଵ
∗ ൌ 1, 𝑥ଶ

∗ ൌ െ1 , and െ𝑥ଵ
∗ ൅ 2𝑥ଶ

∗ െ 5 ൌ െ1 െ 2 െ 5 ൌ െ8 ൏ 0 ,the 

constraint is not satisfied. 

If 𝜇∗ ് 0, then we have െ𝑥ଵ
∗ ൅ 2𝑥ଶ

∗ െ 5 ൌ 0. Together with the first two equations, we 

can obtain 𝑥∗ ൌ ሺെ0.6, 2.2ሻ, 𝜇∗ ൌ 3.2, 𝑓∗ ൌ 12.8. 

(4) The Lagrangian function is 

 

Therefore, 

 
The dual problem is 

 
 
3. (1) Given any two points 𝑥 ൌ ሾ𝑥ଵ, 𝑥ଶሿ ∈ 𝑆,𝑦 ൌ ሾ𝑦ଵ,𝑦ଶሿ ∈ 𝑆 . For any 0 ൑ 𝜆 ൑ 1, we 

have 
𝜆𝑥 ൅ ሺ1 െ 𝜆ሻ𝑦 ൌ ሾ𝜆𝑥ଵ ൅ ሺ1 െ 𝜆ሻ𝑦ଵ, 𝜆𝑥ଶ ൅ ሺ1 െ 𝜆ሻ𝑦ଶሿ 

 Then we check whether 𝜆𝑥 ൅ ሺ1 െ 𝜆ሻ𝑦 is in 𝑆. 
 

2ሾ𝜆𝑥ଵ ൅ ሺ1 െ 𝜆ሻ𝑦ଵሿ ൅ ሾ 𝜆𝑥ଶ ൅ ሺ1 െ 𝜆ሻ𝑦ଶሿ ൌ 𝜆ሺ2𝑥ଵ ൅ 𝑥ଶሻ ൅ ሺ1 െ 𝜆ሻሺ2𝑦ଵ ൅ 𝑦ଶሻ 
൑ 4𝜆 ൅ 4ሺ1 െ 𝜆ሻ ൌ 4 

 
Therefore, 𝜆𝑥 ൅ ሺ1 െ 𝜆ሻ𝑦 ∈ 𝑆, so 𝑆 is a convex set. 
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(2) We can minimize the square distance instead, and the optimization problem is 

 

 

 


