
Solution to Math4230 Tutorial 9

1. Consider the problem

minf1(x)− f2(Qx)

s.t. x ∈ Rn,

where Q ∈ Rm×n and f1 : Rn 7→ (−∞,∞] and f2 : Rm 7→ [−∞,∞)
are extended real-valued functions. Show that the corresponding max
crossing problem is

maxh2(µ)− h1(QTµ)

s.t. µ ∈ Rn,

where h1(Q
Tµ) = sup

y∈Rn

{
yTQTµ− f1(y)

}
, h2(µ) = inf

z∈Rm

{
zTµ− f2(z)

}
.

Hint: Consider F (x, u) = f1(x)− f2(Qx+ u).

Solution:
Here p(µ) = infy∈Rn F (y, µ) and

q(µ) = inf
z∈Rm

{p(z) + µT z}

= inf
(y,z)∈(Rn,Rm)

{f1(y)− f2(Qy + z) + µT z}

= inf
(y,z)∈(Rn,Rm)

{f1(y)− f2(z) + µT z − µTQy}

= inf
y∈Rn

{f1(y)− µTQy}+ inf
z∈Rm

{f2(z) + µT z}

= h2(µ)− h1(QTµ)

2. Consider the problem

minf(x)

s.t. x ∈ X, eTi x = di, i = 1, · · · ,m,

where f : Rn 7→ R is a convex function, X is a convex set, and ei and
di are given vectors and scalars, respectively. Consider the min com-
mon/max crossing framework where M is the subset of Rm+1 given by

M =
{

(eT1 x− d1, · · · , eTmx− dm, f(x)) | x ∈ X
}
.

(a) Derive the corresponding max crossing problem;
(b) Show that the corresponding set M̄ is convex.
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3. Let f : X 7→ [−∞,∞] be a function. Prove that:

inf
x∈X

f(x) = inf
x∈X

(cl f)(x) = inf
x∈Rn

F (x),

where F (x) = inf{w|(x,w) ∈ conv(epi(f))}. Furthermore, any vector
that attains the infimum of f over X also attains the infimum of clf and
F .

Solution Please refer to proof of Proposition 1.3.13 in Appendix.

Appendix
Proof of Proposition 1.3.13:
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