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Q.1(a) Define Optimization? Classify different types of optimization problems and mention different 
techniques to solve optimization problems?       

[5] 

Q.1(b) Calculate gradient vector for the function  
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Q.2(a) 

Find the optimum of 
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that satisfy the boundary condition  X(0)=1 and x(2)=5 

[5] 

Q.2(b) 
Find the optimum of 

2
2

0

[ ( ) 2 ( )]J x t tx t dt 


 

that satisfy the boundary condition  X(0)=1 and x(2)=5 

[5] 

   
Q.3(a) Find the equation of the curve that is extremal for the functional  
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And ( 0)ft  , for the boundary condition specified below: 

a) if 1, (0) 1, (1) 2.75ft x x    

b) if (0) 1, ( ) 5f fx x t and t is free   

[5] 

Q.3(b) Find the extremal for the functional  [5] 
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 Left end point is fixed i.e 0( ) 0x t  , 0 0t  ,is fixed and ft is free but ( ) 2fx t  .  

Q.4(a) Outline the algorithmic steps to compute optimal control u*(t) using Hamilton–Jacobi-Bellman (HJB) 
approach? 

[5] 

Q.4(b) Determine the smooth curve of smallest length connecting point (0) 1x  to the line 5t  . [5] 

 The length of the curve lying in the ( )t x t plane, with 0 0t  and 5ft    
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Q.5(a) State the objective of Infinite final time LQR problem and discuss about the stability analysis of the 
closed loop system for Infinite time LQR problem? 

[5] 

Q.5(b) Consider the control system described by 

�̇� =  𝐴𝑥 + 𝐵𝑢, 𝑤ℎ𝑒𝑟𝑒  𝐴 =  
0 1
0 −1

, 𝐵 =  
0
1

 

and the Performance Index (J) and (Q) given by  
𝐽 =  ∫ (𝑥 (𝑡) +  𝑥 (𝑡) +  𝑢 (𝑡)) 𝑑𝑡    

[5] 

 Solve for the optimal control signal u*(t) such that the Performance Index (J) is minimized?  
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