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Q.1(a) Find the optimality conditions for the following convex quadratic program 

min
୶∈ℝ౤

1

2
xୃPx + qୃx + r

Subject to Ax = b

where,  P ∈ S୬
ା, A ∈ ℝ୫×୬, b ∈ ℝ୫,  q ∈ ℝ୬,  r ∈ ℝ.

 

[5] 1  

Q.1(b) Find the KKT conditions of the problem given in 1(a). [5] 1  
     
     

Q.2(a) Derive the cost function and dynamic constraints of a Dynamic Portfolio investment. [5] 2  
Q.2(b) Find the optimal replacement policy for an equipment replacement problem (using 

Dynamic Programming) with the following data: 
Year (t) 1 2 3 4 5 6 
Cost c(t) 3300 4800 7600 9200 12500 15200 
Life span of equipment L=6, Task span T=10, 
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Q.3(a) Find the shortest path (using Dynamic programming) from node A to node H, where path 
length is indicated by the edge numbers: 
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Q.3(b) Solve the following LQR problem using Dynamic Programming: 

min
୳

x୒
ୃQ୤x୒ + ෍ x୩

ୃQx୩ + u୩
ୃRu୩

୒ିଵ

୩

Subject to
x୩ାଵ = Ax୩ + Bu୩,  k = 0,1,2, … , N − 1.
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Q.4(a) Formulate the Knapsack problem writhe following data: 

Index (i) Per unit cost value (c୧) Per unit volume (v୧) 

0 0 1 

1 2 2 

2 1 3 

Total volume unit is 9 
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Q.4(b) Solve the above formulated Knapsack problem in the question 4(a). [5] 4  
     
     

Q.5(a) Suppose f(x) = sin (πx) . Define rank and fitness of the individuals in the population 

P = {−0.1,0.1,0.3,0.7}  with function values {−0.309,0.309,0.809,0.809} . 

[5] 5  

Q.5(b) Explain simplex iterations in the Nelder Mead algorithm and apply to minimize the 
function f(x) = xଵ

ଶ − 4xଵ + xଶ
ଶ − xଶ − xଵxଶ  with starting vertices 

𝑉ଵ = ቀ
0
0

ቁ , 𝑉ଶ = ቀ
1.2
0.0

ቁ , 𝑉ଷ = ቀ
0.0
0.8

ቁ  . 
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