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1. Following a disaster, donations have been collected in medicines (M), food (F) and clothing (C). The goods 

need to be selected and packed, and each of these tasks is carried out by a team of volunteers. The selection 

team - if it only selects clothes - has the capacity to process 20 tons. The same happens for the food. Selecting 

a ton of medicines takes three times the time of the clothing selection. The packaging team has the capacity 

to process 10 tons of clothing. The packaging of medicinal products and food takes three times and twice 

the packaging of clothing (in tons), respectively. At least 2 tons of medicines should be available in this 

shipment. To decide on which goods to prepare to ship in the next transport an LP problem was formulated: 

 

max 𝑧 = 2𝑥𝑀 + 2𝑥𝐹 +  𝑥𝐶      
  s.t.          3𝑥𝑀 +    𝑥𝐹 + 𝑥𝐶  ≤ 20 

3𝑥𝑀 + 2𝑥𝐹 + 𝑥𝐶   ≤ 10 

   𝑥𝑀                          ≥ 2 

              𝑥𝑀 , 𝑥𝐹 , 𝑥𝐶  ≥ 0 

 

where 𝑥𝑗 represents tons of donation type j (j = M, F, C) to prepare for shipment. The objective function 

translates the total utility considering that a ton of medicines has the same utility as a ton of food which in 

turn is double that of clothing. If necessary, use the Solver/Excel reports below to answer the following 

questions.  

 

a) (20 points) Write and interpret the optimal solution of the problem (main variables and slack 

variables) and the value of the objective function. 
 

b) (15 points) Write the dual problem. 
 

c) (25 points) Determine the optimal solution of the dual problem (main variables and slack variables) 

by the complementary slackness relations. 

Remark: If you are not able to solve this question and need to know the dual solution to answer the 

next questions use 𝑦1 = 0, 𝑦2 = 2, 𝑦3 = −2 in what follows. 
 

d) (10 points) Interpret the meaning of the first dual variable. 
 

e) (15 points) Determine the change in total utility if it was not mandatory to carry medicines. 
 

f) (15 points) What would be the new optimal solution and optimal value if the utility of a ton of medicines 

decreases to 1?   

  

 

 



2. Three available volunteers with adequate skills to perform any of the three urgent tasks have been identified. 

The time required to perform the tasks (T1, T2, and T3) by the volunteers (V1, V2, and V3) is in the following 

table:  

 

 T1 T2 T3 

V1 1 3 4 

V2 2 1 3 

V3 1 4 4 

It is intended to assign a task to each of the volunteers in order to minimize the time needed in the execution 

of the set of tasks. 
 

a) (10 points) Propose a feasible solution to the problem and indicate the time that corresponds to it. 

 

b) (10 points) Indicate, justifying, an upper bound for the optimal value of the problem. 
 

c) (20 points) Suppose that there is an extra volunteer (V4) that can only perform two of the tasks: task 

T2 with time 3 and task T3 with time 2. Write the ILP formulation of the problem as well as 

constraints to ensure that: 

- V4 is assigned to one of the tasks 

- V2 can only be assigned to task T2 if V3 is assigned to task T1. 

 

3. In the affected area it is urgent to re-establish some of the links between sites A, B, C, D, E, and F, so that 

it is possible to reach any of these locations from A. With this purpose, a team will be sent to the area. The 

time (in hours) that the team needs to reconnect each pair of locations is indicated in the following table:  

 

 A B C D E F 

A * 3 5 7 2 10 

B  * 3 4 7 1 

C   * 5 12 18 

D    * 2 9 

E     * 5 

 

a)  (5 points) Identify the problem that makes it possible to determine the set of links that should 

be repaired to achieve the goal and minimizing the total time. 

 

b) (15 points) Without determining the optimal solution of the problem, justify if the set of links 

{ (A,B)  (A,C)  (A,D)  (A,E)  (A,F)} can be an optimal solution for the problem.   
 

c) (25 points) Determine an optimal solution to the problem by using an algorithm studied in the 

course. Start the algorithm by node A. 

 

 
4. (15 points) Explain why, in the leaving criterion of the simplex method, only the positive coefficients 

in the pivotal column are considered to determine the basic variable that will be non-basic in the next 

iteration. 


