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SIMULATION EXAM December 21, 2017

IMPORTANT: READ CAREFULLY
The grade on the written exam is valid at most for three months.

Check the score of each exercise.

Please note that YES NO answers are NOT valid if you do not give an
explanation.
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Exercise 1. (Score 6) Consider the following nonlinear programming problem

minx∈IR3 2x21 + x22 + 2x23 + 2x1x2 + 15x1 + 8x2 + 6x3

5x1 + 2x2 − 3x3 ≤ 13
−3x1 + 3x2 − x3 = 5
x1, x2, x3 ≥ 0

Unconstrained problem (score 2)

(i) (score 1) Consider the unconstrained problem (remove the constraints). Is there any
unconstrained stationary point ? Which kind of point is it ?

(ii) (score 1) Consider the point x0 = (3
2
, 7

2
, 1)T and write the first iteration of the

gradient method with exact line search to obtain the new point x1

Constrained problem (score 4)

(iii) (score 1) State if the problems is convex or strictly convex or none of the two.

(iv) (score 2) Consider the point x̂ = (3
2
, 7

2
, 1)T and write the KKT conditions in x̂. Are

the KKT conditions satisfied ? Evaluate the multipliers

(v) (score 1) Write the system to get a feasible and descent direction in x̂. Does a
solution of the system (namely a feasible and descent direction) exist?

Exercise 2. (Score 5) Consider the following Linear programming problem

min 15x1 + 8x2 + 6x3
−5x1 − 2x2 + 3x3 = −13
3x1 − 3x2 + x3 ≤ −5
x1, x2, x3 ≥ 0

(i) (score 2) Find a a feasible direction along which it is possible to move from x̂ = (1, 4, 0)T

finding an additional active constraint. Find the stepsize tmax and the corresponding new
point y. Is the direction also a descent one?

(ii) (score 0,5) Write the problem in the standard form for the simplex method.

(iii) (score 0,5) Write the auxiliary problem to be solved in Phase I of the simplex method.

(i) (score 1) Check if there exists a vertex corresponding to the active constraints

a) I = {1, 2, 3}
b) I = {2, 4, 5}
c) I = {1, 3, 5}

(iii) (score 1) Write a BFS for the problems at point (ii) and specify the corresponding
matrices B and N .

Exercise 3. (Score 8) Consider the following Linear programming problem

min 15x1 + 8x2 + 6x3
−5x1 − 2x2 + 3x3 = −13
3x1 − 3x2 + x3 ≤ −5
x1, x2, x3 ≥ 0



(i) (score 1.5) Write the dual problem

(ii) (score 2) Solve graphically the dual: plot the feasible region, the level lines of the objective
function, identify graphically the solution and find its value.

(iii) (score 2) Using duality theory, state if the primal problem has an optimal solution and
in the affirmative case find it.

(iv) (score 1) State how the value of the optimal solution change if the rhs of the first
constraint change from -13 to −13 + ε with ε > 0 and sufficiently small.

(v) (score 1.5) State which is the maximum value of ε > 0 for which the analysis in point
(iv) holds.

Exercise 4. (Score 6) Consider the following integer linear programming problem

max 13x1 + 5x2
5x1 − 3x2 ≤ 15
2x1 + 3x2 ≤ 8
−3x1 − x2 ≤ 6
x2 ≥ 0
xinteger

Let (−1, 1)T be a feasible point.

(i) (score 1) Solve the linear relaxation. Report the lower and the upper bounds.

(ii) (score 2) Write the two subproblem P1,P2 obtained by branching with respect to a
fractional variable

(iii) (score 1.5) Solve problem P1. Explain if it is possible to close it.

(iv) (score 1.5) Solve problem P2. Explain if it is possible to close it.

Exercise 5. (Score 6)

Herrick Foods Company wishes to introduce packaged trail mix as a new product. The ingredi-
ents for the trail mix are seeds, raisins, flakes, and two kinds of nuts. Each ingredient contains
a certain amount of vitamins vi, minerals mi, protein pi, and calories δi expressed in grams per
pound of product. Each package has a weight W of 1.5 pound. The Marketing Department
has specified the product be designed so that a certain minimum nutritional profile is met. The
minimum requirements in each package are given for each elements V min,Mmin, Pmin,∆min

Each ingredients has a cost ci expressed in euro/pound. The data shown below summarize the
parameters of the problem.

Grams per pound Nutritional
Seeds Raisins Flakes Pecans Walnuts requirement

Vitamins vi 10 20 10 30 20 16
Minerals mi 5 7 4 9 2 10
Protein pi 1 4 10 2 1 15
Calories δi 500 450 160 300 500 600
Cost (euro) 4 5 3 7 6

Write an LP problem to find the optimal strategy of the company for the product composition.


