
Homework 2

CS 730, Semester II, 2007–08

February 1, 2008

This assignment requires the use of GAMS, and you should hand in an electronic copy
of the assignment via Learn@UW. If you wish to download a copy of GAMS for a PC, a
course license is available from the instructor. Alternatively you can use the departmental
machines. Anyone who has not used GAMS before should discuss this with the instructor.

1. A falling object of a nameless planet has been observed to have approximately the
following heights hj are (mostly) one-second intervals tj:
tj 0.0 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.0
hj 100 95 87 76 66 56 47 38 26 15 6 0

According to the laws of physics on this planet, the height of the object at any time
should be given by the formula

hj = a0 − a1tj −
1

2
a2t

2
j ,

where a0 is the initial height, a1 is the initial velocity, and a2 is the acceleration due
to gravity. Due to inexact measurements, no choice of a0, a1 and a2 satisfy these
relationships exactly.

Formulate and solve the following models (in GAMS):

(a) minimize
n∑

j=1

[
hj − (a0 − a1tj −

1

2
a2t

2
j)

]2

as an unconstrained convex quadratic program (use model type ’qcp’).

(b) minimize
n∑

j=1

∣∣∣∣hj − (a0 − a1tj −
1

2
a2t

2
j)

∣∣∣∣
as a linear program. Note that there are two possible formulations, one described
in class, and the other resulting from splitting a variable into its positive and
negative parts. Use the better of these!
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(c) minimize

max
j=1,...,n

∣∣∣∣hj − (a0 − a1tj −
1

2
a2t

2
j)

∣∣∣∣
as a linear program.

Which of the three estimates would you use in this case?

2. Consider a linear program:

min cTx s.t. aT
i x ≤ bi, i = 1, 2, . . . ,m

A simple version with “generated” data is provided on the class web page. Suppose
for simplicity of exposition that c and b are known with certainty, but that the vectors
ai are known to be in the ellipsoids

ai ∈ εi := {āi + Piu : ‖u‖2 ≤ 1}
where Pi ∈ IRn×n (and could be singular, or even 0).

The robust linear program (which is typically very conservative) is:

min cTx s.t. aT
i x ≤ bi, for all ai ∈ εi, i = 1, 2, . . . ,m

The constraints can be rewritten as:

sup
{
aT

i x : ai ∈ εi
}
≤ bi

the left hand side of which can be expressed as

sup
{
aT

i x : ai ∈ εi
}

= āT
i x+ sup

{
uTP T

i x : ‖u‖2 ≤ 1
}

= āT
i x+

∥∥P T
i x
∥∥
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Thus the robust linear program can be written as

min cTx s.t. āT
i x+

∥∥P T
i x
∥∥

2
≤ bi, i = 1, 2, . . . ,m

This is a SOCP. The additional norm terms stop x being large in directions where there
is large uncertainty in the parameters ai. Implement and solve this model in GAMS
using the SOCP framework and the Mosek solver. Let each Pi be 0.1 ∗ I. Refer to the
SOCP handout on the course web page for more details on how to set up SOCP’s in
GAMS.

As an alternative, assume now that the elipsoids are replaced by boxes, but that we
can follow through most of the argument above (carried out in class as well). Note
now that the problem has constraints:

sup
{
aT

i x : ai ∈ [li, ui]
}
≤ bi

the left hand side of which is a linear program. Form the dual of this linear program
explicitly. Replace the linear program by its dual in the robust linear program, and
then observe that the (inner) LP can be replaced by an (obvious) finite number of
linear constraints.

Update your GAMS file to solve this problem as well, where the L and U are given in
the original GAMS code.
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