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1. (20 points) 
Use the KKT conditions to find the local optimum solutions of the following problem: 
                                𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒    𝑓(𝑥) = 𝑥1

2 − 𝑥2 + 1 
s.t.      ℎ(𝑥) = 𝑥1

2 + 𝑥2
2 = 1 

            𝑥 ∈ Ω = 𝐸2 
2. (20 points) 

Use the KKT conditions to find the local optimum solutions of the following problem: 
                                𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒    𝑓(𝑥) = 𝑥1

2 − 𝑥2 + 1 
s.t.      𝑔(𝑥) = 𝑥1

2 + 𝑥2
2 ≤ 1 

            𝑥 ∈ Ω = 𝐸2 
3. (20 points) 

Use the KKT conditions to find the local optimum solutions of the following problem: 
 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒        𝑓(𝑥) = 𝑥1

2 − 𝑥2 + 1 

s.t.         ℎ(𝑥) = 𝑥2 −
√2

2
= 0 

𝑔(𝑥) = 𝑥1
2 + 𝑥2

2 ≤ 1 

                𝑥 ∈ Ω = 𝐸2 
4. (10 points) 

Let ℎ(⋅): 𝐸𝑛 → 𝐸1 be a real-valued function and 𝑑 ∈ 𝐸𝑛 be a vector of moving 
direction. We know that  ℎ(𝑥) = 0 represents an (𝑛 − 1) −  𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑙 surface 
𝑆 in 𝐸𝑛. 
 
Is the following statement true or false? Why? 
“At a point  𝑥̅ ∈ 𝐸𝑛 lying on the surface 𝑆, i.e., ℎ(𝑥̅) = 0, 𝑑 is a feasible direction for  𝑥̅ 
to move if and only if 𝛻ℎ(𝑥̅) 𝑑 = 0. "  

5. (10 points) 
Let 𝑔(⋅): 𝐸𝑛 → 𝐸1 be a real-valued function and 𝑑 ∈ 𝐸𝑛 be a vector of moving 
direction. We know that  𝑔(𝑥) ≤ 0 represents an 𝑛 −  𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑙 “half space” in 
𝐸𝑛. 
 
Is the following statement true or false? Why? 
“Assume that 𝑔(⋅) is an active constraint at a point 𝑥̅ ∈ 𝐸𝑛, i.e., 𝑔(𝑥̅) = 0, 𝑑 is a 
feasible direction for  𝑥̅ to move if and only if 𝛻𝑔(𝑥̅) 𝑑 ≤ 0 . " 



 
6. (20 points) 

(a) For the KKT Theorem stated in Lecture 6 (Slide #11), interpret the meaning of the 
first requirement in English, i.e., 

            "  𝛻𝑓(𝑥∗) + 𝜆𝑇𝛻ℎ(𝑥∗) + 𝜇𝑇𝛻𝑔(𝑥∗) = 0      with     𝜆 ∈ 𝐸𝑚 𝑎𝑛𝑑 𝜇 ∈ 𝐸+
𝑝  ”. 

      Remember that ℎ(𝑥) = (ℎ1(𝑥), … , ℎ𝑚(𝑥))
𝑇

  and 𝑔(𝑥) = (𝑔1(𝑥), … , 𝑔𝑝(𝑥))
𝑇

.  

(b) For the KKT Theorem stated in Lecture 6 (Slide #11), interpret the meaning of the 
second requirement in English, i.e., 

               "  𝜇𝑇𝑔(𝑥∗) = 0    with     𝑔(𝑥∗) ≤ 0 𝑎𝑛𝑑 𝜇 ∈ 𝐸+
𝑝  ”. 

(c) Putting (a) and (b) together, what is the role of the Lagrange multiplies 𝜆 𝑎𝑛𝑑 𝜇 
playing in the KKT conditions? 
 
 


