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1. Introduction 



2 SCUC problem for independent 

systems 

3 The problem of binary level 

hierarchical optimization 



𝑀𝑖𝑛𝑓(𝑦)

𝑠. 𝑡.   ℎ(𝑦) ≤ 0 

𝐼(𝑦) = 0

𝑀𝑖𝑛𝑓(𝑥)

𝑠. 𝑡.   ℎ(𝑥) ≤ 0 

𝐼(𝑥) = 0

 

 

 

 

 

      

    

    

  



 
 

𝑥̃ 𝑦̃

𝑀𝑖𝑛𝑓(𝑥̃, 𝑧)

𝑠. 𝑡.   ℎ(𝑥̃, 𝑧) ≤ 0 

𝐼(𝑥̃, 𝑧) = 0

𝑀𝑖𝑛𝑓(𝑦̃, 𝑧)

𝑠. 𝑡.   ℎ(𝑦̃, 𝑧) ≤ 0 

𝐼(𝑦̃, 𝑧) = 0

ρ

𝑐 = 𝜎 − 𝜌 = 0

𝑀𝑖𝑛𝑓(𝑥̃, 𝑧) + 𝜋(𝑐) 

𝑠. 𝑡.  ℎ(𝑥̃, 𝑧) ≤ 0 

𝐼(𝑥̃, 𝑧) = 0

∀𝑧 ∈ {𝜂, 𝜇} 

𝑀𝑖𝑛𝑓(𝑦̃, 𝑧) + 𝜋(𝑐) 

𝑠. 𝑡.  ℎ(𝑦̃, 𝑧) ≤ 0 

𝐼(𝑦̃, 𝑧) = 0

∀𝑧 ∈ {𝜎, 𝜌}

4 Modeling the response and 

objective variables  



 1

ρ

𝜌 = 𝑃𝐺𝐷

𝜎 = 𝑃𝐺𝑆

𝑀𝑖𝑛𝑓(𝑥̃, 𝑧1, 𝑧2, . . . , 𝑧𝑗)

+ 𝜋(𝑐1, 𝑐2, . . . , 𝑐𝑗)

𝑠. 𝑡. ℎ(𝑥̃, 𝑧1, 𝑧2, . . . , 𝑧𝑗) ≤ 0 

𝐼(𝑥̃, 𝑧1, 𝑧2, . . . , 𝑧𝑗) = 0 

∀𝑧𝑗 ∈ {𝜎, 𝜌𝑗} ;   ∀𝑗= 1,2, . . . , 𝑁𝐴 

 



𝑀𝑖𝑛 ∑ 𝑓(𝑥̃

𝑁𝑇

𝑡=1

, 𝑧1𝑡 , 𝑧2𝑡 , . . . , 𝑧𝑗𝑡) 

∑

𝑁𝑇

𝑡=1

∑ (𝛽𝑗𝑡(𝜎𝑗𝑡 − 𝜌𝑗𝑡)

𝑁𝐴

𝑗=1

− ‖𝜀𝑗𝑡𝑜(𝜎𝑗𝑡

− 𝜌𝑗𝑡)‖
2

2
) 

𝑠. 𝑡. ℎ(𝑥̃, 𝑧1𝑡 , 𝑧2𝑡 , . . . , 𝑧𝑗𝑡) ≤ 0 

𝐼(𝑥̃, 𝑧1𝑡 , 𝑧2𝑡 , . . . , 𝑧𝑗𝑡) = 0 

∀𝑧𝑗𝑡 ∈ {𝜎𝑗𝑡 , 𝜌𝑗𝑡}   ∀𝑗= 1,2, . . . , 𝑁𝐴,  

∀𝑡 

𝑀𝑖𝑛 ∑ 𝑓(𝑦̃, 𝑧𝑗𝑡)

𝑁𝑇

𝑡=1

+ ∑ (𝛽𝑗𝑡(𝜎𝑗𝑡 − 𝜌𝑗𝑡)

+ ‖𝜀𝑗𝑡𝑜(𝜎𝑗𝑡 − 𝜌𝑗𝑡)‖
2

2
) 

𝑠. 𝑡.  ℎ(𝑦̃, 𝑧𝑗𝑡) ≤ 0 

𝐼(𝑦̃, 𝑧𝑗𝑡) = 0 

∀𝑧𝑗𝑡 ∈ {𝜎𝑗𝑡 , 𝜌𝑗𝑡} ∀𝑡 

ρ

β ε

5 Controlling constraints in SCUC 

problems 

𝑀𝑖𝑛 ∑𝑁𝑇
𝑡=1 ∑ 𝐷𝑗(𝑃𝑖𝑡)𝐼𝑖𝑡 +

𝑁𝐺𝐽

𝑖=1

𝑆𝑈𝐷𝑖𝑡 + ∑ (𝛽𝑗𝑡(𝑃𝐷𝑆,𝑗𝑡
∗ − 𝑃𝐺𝐷,𝑗𝑡) +𝑁𝑇

𝑡=1

‖𝜀𝑗𝑡𝑜(𝑃𝐷𝑆,𝑗𝑡
∗ − 𝑃𝐺𝐷,𝑗𝑡)‖

2

2
) 

𝑃𝐷𝑆,𝑗𝑡
∗

𝑃𝐺𝐷,𝑗𝑡
∗

𝑀𝑖𝑛 ∑

𝑁𝑇

𝑡=1

∑ 𝐷𝑗(𝑃𝑖𝑡)𝐼𝑖𝑡 + 𝑆𝑈𝐷𝑖𝑡

𝑁𝐺

𝑖=1

 

+ ∑

𝑁𝑇

𝑡=1

∑(𝛽𝑗𝑡(𝑃𝐷𝑆,𝑗𝑡 − 𝑃𝐺𝐷,𝑗𝑡
∗ )

𝑁𝐴

𝑗=1

 

+‖𝜀𝑗𝑡𝑜(𝑃𝐷𝑆,𝑗𝑡 − 𝑃𝐺𝐷,𝑗𝑡
∗ )‖

2

2
)

𝑚𝑎𝑥 {𝑃𝑇𝑆,𝑗𝑡 , 𝑃𝑇𝐷,𝑗𝑡} ≤ {𝑃𝐷𝑆,𝑗𝑡 , 𝑃𝐺𝐷,𝑠𝑡}

≤ 𝑚𝑖𝑛{𝑃𝑇𝑆,𝑗𝑡 , 𝑃𝑇𝐷,𝑗𝑡}

𝑃𝑇𝑆,𝑗𝑡 𝑃𝑇𝑆,𝑗𝑡

𝑃𝑇𝐷,𝑗𝑡

𝑃𝑇𝐷,𝑗𝑡



6 Problem-solving process 

ψ

𝑃𝐷𝑆,𝑗𝑡
∗𝜔 𝜀𝑗𝑡

𝐿 𝛽𝑗𝑡
𝐿

𝑃𝐺𝐷,𝑗𝑡
𝜔

𝑃𝐺𝐷,𝑗𝑡
𝜔

𝑃𝐺𝐷,𝑗𝑡
𝜔−1

𝑃𝐷𝑆,𝑗𝑡
𝜔

𝑃𝐺𝐷,𝑗𝑡
∗𝜔

𝑃𝐷𝑆,𝑗𝑡
 − 𝑃𝐷𝑆,𝑗𝑡

−11 ∀𝑗 , ∀𝑡

𝑃𝐺𝐷,𝑗𝑡
 − 𝑃𝐺𝐷,𝑗𝑡

−11 ∀𝑗 , ∀𝑡

𝑃𝐷𝑆,𝑗𝑡
 − 𝑃𝐷𝐷,𝑗𝑡

 2 ∀𝑗 , ∀𝑡

𝛽𝑗𝑡
𝐿

𝜀𝑗𝑡
𝐿

𝛽𝑗𝑡
(𝐿+1)

= 𝜀𝑗𝑡
(𝐿)

+ 2(𝜀𝑗𝑡
(𝐿)

)2(𝑃𝐷𝑆,𝑗𝑡
𝜔

− 𝑃𝐺𝐷,𝑗𝑡
𝜔 )

𝜀𝑗𝑡
(𝐿+1)

= 𝜆𝜀𝑗𝑡
(𝐿)

λ

𝑃𝐷𝑆,𝑗𝑡
∗0 = 𝑃𝐷𝑆,𝑗𝑡

∗𝜔 , ∀𝑗, ∀𝑡, 𝜔 = 0

2 Numerical results and discussion 



 
  

        

        

        

   

    

    

    

    

    

    

    

 

 
      

      

 
      

      

 

      

        



        

        

        

        

        

        

        

        

       

  

 

 

       

  

 

 

       

  

 

 

       

  

 

 

       

  

 

 

       

  

 

 

 

𝑃𝐷𝑆,𝑗𝑡
∗ = 0 

𝛼1𝑡
0 = 𝛼2𝑡

0 = 101 

𝛽1𝑡
0 = 𝛽2𝑡

0 = 21 



       

  

 

 

       

  

 

 

       

  

 

 

       

  

 

 

       

  

 

 

       

  

 

 

       

  

 

       

  

 

       

  

 

       

 15 15 15 13 13 15 15 15

18 18 18 18 18 18 18 18

       

 15 15 15 15 15 15 15 15

18 18 18 18 18 18 18 18

       

 15 15 15 15 15 15 15 15

18 18 18 18 18 18 18 18

       

  

0 0 0 0 0 0 0 0

       

  

0 0 0 0 1 1 1 1

       

  

1 1 1 0 0 0 0 0

       

  

 

       

  

 

       

  

 



 

       

  
 

       

  
 

       

  
 

       

  
 

       

  
 

       

  
 

 

  

       

  

 

 

       



  

 

 

       

  

 

 

       

 

       

 

       

 

       

  

 

       

  

 

       

  

 

       

 15 15 15 13 13 15 15 15

18 18 18 18 18 18 18 18

       

 15 15 15 15 15 15 15 15

18 18 18 18 18 18 18 18

       

 15 15 15 15 15 15 15 15

18 18 18 18 18 18 18 18

 2

       

  

0 0 0 0 0 0 0 0

       

  

0 0 1 1 1 1 1 1

       

  

1 1 1 1 1 1 0 0
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3 Conclusion 
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