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Q1

Q2

Consider the following problem

Minimize Xt +2x;
subject to '
lesgg =05 £ 0,

(a) Define the penalty function.
(2 marks)

(b) Derive the first-order necessary conditions.
(4 marks)

() Show that for ¢ > 0,

. 2¢ . c
X = and x, =
2+3¢ 2+3¢
(9 marks)
(d) Calculate the value of xl* and x; for¢=10.1, 1.0, 10, 100, 1000.
(5 marks)

The barrier objective function is defined by

r(x, p) = 2x]2 + 9%, —y(——l—) .

4% —&,

(a) Find the gradient of r(x, ).
(4 marks)

(b)  Show that x =2.25 and x, =1.75+0.333/u for z>0.
(10 marks)

() Verify that the objective function f(x) is 25.857.
(6 marks)
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Q3  Consider the general problem
Minimize f(x)

subject to
h(x)=0

with xe R", h(x) e R", and m<n.

(a) Define the penalty objective function ¢(x) by applying the standard quadratic
penalty method.

(2 marks)
(b) Find the gradient and the Hessian for the penalty objective function ¢(x) defined
in (a).
(6 marks)
(©) [llustrate that for o, >0 and ¢ >0,
X, =X, — o, [I+cVh(x,) Vh(x)]" Vq(x,)"
using (I+Q(x,))d, = Vg(x,) and assuming L(x,)d, =0.
(10 marks)
(d)  State TWO (2) properties of [I+cVh(x,)" Vh(x)].
(2 marks)
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Q4  Assuming that x is a regular point, then there will be a corresponding Lagrange
multiplier vector A~ such that

VA(x)+() Vh(x') =0,
and the Hessian of the Lagrangian
L(x)=F(x)+(") HX)
must be positive semidefinite on the tangent subspace
M={x:Vh(x)-x=0}.
(a) Show that the dual function ¢ has the gradient

Vg(r) =h(x(n)".
(9 marks)

(b) Determine that the Hessian of the dual function is

O(L) = -Vh(x(W)L' (x(A), ) Vh(x(X)".
(11 marks)
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Q5 Consider the simple quadratic problem

(a)

(b)

(©

Minimize 2x7 +2x,%, +x2 —2x,
subject to
x =0.

Define the augmented Lagrangian function.
(2 marks)

Deduce that

. 2+A) . _(A+c+2)

X = and x,
2+¢) (2+¢)

(11 marks)

Outline that the iterative process for A, is given by

'@HZ(_z—j%"ZC~
2+c 2+4c¢

(7 marks)

— END OF QUESTIONS -
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