
1. (20 points) The army is, as usual, over its head in planning some of its logistics. They have two
boot camps, Alpha and Bravo, where recruits have just finished training. They are trying to figure
out where to deploy the troops at minimum cost to their three bases, Fort Gordon, Fort Shelby and
Fort Hanni. Alpha has 1200 freshly trained troops, and Bravo has 1000. Fort Gordon requires 700
troops, Fort Shelby requires 600, and Fort Hanni requires 900. Before the troops are deployed to the
bases they are transported to one of two muster points, Charlie and Delta. They have the following
information about costs:

Cost ($ per troop sent) Charlie Delta Gordon Hanni Shelby
Alpha 130 120 na na na
Bravo 100 110 na na na
Charlie na na 40 65 85
Delta na na 55 60 95

A cost of ’na’ indicates that transportation isn’t possible.
(a) (15 points) Formulate a mathematical program that determines the minimum cost plan to satisfy
the troop requirements at the Forts.

(b) (5 points) The generals have also realized that there is a fixed cost associated with opening up
Charlie and Delta. Charlie costs $10000 to open and Delta costs $12000 to open. Charlie and Delta
can only be used if they are open. What variables and constraints would you add to your model to
account for these added costs and options?
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2. (20 points) A college is trying to network several buildings on its campus. Wiring a building to
another building has a cost, and each building must have a “path” of wiring to every other building.
However, not every building can be wired directly to every other building. Professor May B. Wright
has determined that the buildings and possible connections form the following network, with costs
(in thousands of dollars) listed next to the arcs (you may assume she is correct in her drawing). She
has denoted the network G = (V, E):
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Thus, the college is trying to determine a minimum spanning tree on the given network. Using
the binary variables xij which are set to one if (i, j) is in the minimum spanning tree for (i, j) ∈ E ,
Professor Wright has formulated the following integer program, labeled (MST):

min
∑

(i,j)∈E

cijxij

s.t.
∑

{j|(i,j)∈E}

xij +
∑

{j|(j,i)∈E}

xji ≥ 1, ∀i ∈ V (a)

∑

(i,j)∈E|i,j∈U

xij ≤ |U | − 1 ∀U ⊂ V, 3 ≤ |U | ≤ |V | − 1 (b)

xij ∈ {0, 1} ∀(i, j) ∈ E .

(MST)

(a) (6 points) For the node 3, write down the associated constraint of type (a) from (MST).
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(b) (6 points) For the set U = {3, 4, 5, 6, 7} draw a subgraph of G that represents a solution to
(MST) that would violate this constraint.

(c) (4 points) Using the variables from (MST), write a constraint that makes sure that building 4
can be wired to at most two total buildings.

(d) (4 points) Define a suitable constant and write a constraint that enforces the following: If
building 1 is wired to building 2, then the total cost of wiring buildings to building 7 does not exceed
$60 thousand.
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3. (15 points) Consider the following linear program, labeled (P):

max x1 − 3x2 + 2x3

s.t. x1 + 2x2 + x3 = 3

2x1 + 4x2 − x4 = 2
x1, x2, x3, x4 ≥ 0

(P)

(a) (9 points) For the following, indicate whether each solution is feasible or not and whether it is
a basic solution or not. Briefly explain your answers.

1. x1 = 1, x2 = 0, x3 = 2, x4 = 0.

2. x1 = 1/2, x2 = 1/4, x3 = 2, x4 = 0.

3. x1 = 0, x2 = 0, x3 = 3, x4 = −2.

(b) (4 points) Professor May B. Wright says, “In order to convert (P) into canonical form, we must
add slack variables. The resulting LP, labeled (P-c), is:”

max x1 − 3x2 + 2x3

s.t. x1 + 2x2 + x3 + s1 = 3

2x1 + 4x2 − x4 + s2 = 2
x1, x2, x3, x4, s1, s2 ≥ 0

(P-c)

Is Professor Wright correct or not? Briefly explain your answer.

(c) (2 points) How many basic solutions does (P) have? Explain your answer.
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Bonus (10 bonus points) Recall that an undirected graph, G = (V, E), is a tree if G is connected
(there is a path between every pair of nodes), and has no cycles. Prove the G is a tree if, and only if,

(a) the graph has n− 1 edges; and

(b) For any nonempty set U ⊂ V, the number of edges with both endpoints in U is less than or equal
to |U | − 1.
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SA405, Test 1 September 24, 2012

Instructors: CDR Foraker and Prof. P.

Name (please print):

Instructions:

• Do not write your name on each page, only write your name above.

• No books or notes are allowed.

• You may use your calculator on this test.

• Show all work clearly. (little or no credit will be given for a numerical answer without the
correct accompanying work. Partial credit is given where appropriate.)

• If you need more space than is provided, use the back of the previous page.

• Please read the question carefully. If you are not sure what a question is asking, ask for
clarification.

• If you start over on a problem, please CLEARLY indicate what your final answer is, along with
its accompanying work.

• All formulations must have descriptions of any indices, parameters, and decision variables used.
All constraints must be described.

Problem Points Score

1 20

2 20

3 15

Total 55

Bonus 10


