
Nonlinear optimisation � Exer
ises O
tober 26, 2012TMA947 / MMG621 � Nonlinear optimisationExer
ise 6 � Lagrangian relaxationEmil Gustavsson, Mi
hael Patriksson, Adam Woj
ie
howskiO
tober 26, 2012E6.1 (easy) A problem where an obje
tive fun
tion f should be minimized has been analyzedby Lagrangian relaxing some 
onstraints and the dual fun
tion q(µ) has been 
reated. An iterativealgorithm has produ
ed the following results.(a) A primal feasible x
1 has been found and f(x1) = 6. µ

1 is a ve
tor with positive Lagrangianmultipliers and q(µ1) = −2. What 
an you say about the optimal obje
tive value f∗?(b) In the next iteration, two more ve
tors x
2 and µ

2 (feasible) have been evaluated and f(x2) = 3and q(µ2) = −4. What 
an you now say about the optimal obje
tive value f∗?(
) Finally, we manage to maximize the dual fun
tion and q∗ = 3. What are the 
on
lusionsregarding f∗?E6.2 (easy) Consider the problem (P):minimize 4x1 + 3x2,subje
t to x2

1
+ x2

2
≤ 25,

(x1 − 4)2 + (x2 − 1)2 ≥ 9,The point x0 = (−4,−3)T is a KKT to (P).(a) Is (P) 
onvex? Can you say anything about the optimality of x0?(b) Remove the se
ond 
onstraint and 
reate a redu
ed problem (R). x0 is a KKT point in (R).What 
an you say about the optimality of x0 in (R)? In (P)?E6.3 (easy) Consider the problemminimize x3

1
x2 − x2

3
− x1x3,subje
t to −x1 + x2 + x2

3
≤ 4,

x3

1
− (x2

2
− 1) + x3 ≥ 2,

x1 + x3 ≤ 6,

x1, x2, x3 ≥ 0.Lagrange relax the �rst two 
onstraints and state the dual fun
tion q as a minimization problem.E6.4 (medium) Consider the problem:minimize x1 − 3x2,subje
t to −x1 + x2 ≤ 1,

x1 + x2 ≤ 4,

x1, x2 ≥ 0.Lagrangian relax the �rst 
onstraint and 
reate the Lagrange fun
tion L(x, µ). Find and plot theLagrangian dual fun
tion q(µ). What 
an you say about the optimal value of the primal problem?Can you �nd the optimal solution x
∗ to the primal problem?1



Nonlinear optimisation � Exer
ises O
tober 26, 2012E6.5 (medium) Consider the problem:minimize −2x1 + x2,subje
t to x1 + x2 ≤ 3,
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.Lagrange relax the inequality 
onstraint. Whi
h of the optimality 
onditions 
an not be ful�lled?Cal
ulate the optimality gap Γ = f∗ − q∗.
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