
2WO09, Modelling of LP problems, Exercises II (Network problems)

Before making the second set of exercises you are adviced to read Chapter 5 of Optimization
Modelling. We will not ask you to formulate models in AIMMS using the special Network
Formulation, so Section 5.3 can be skipped.

Remember that every project you build in AIMMS should be given a name ending with an
underscore followed by your student ID, so a name of the form projectname_0833452.

Exercise 1 (Mincostflow, Maxflow)

(a) Model the following ‘MinCostFlow’ problem as a (network-) LP problem. You are given
a transport network consisting of nodes and directed links between some pairs of nodes.
For every directed link, the unit transport cost is given, as well as the maximum capacity
(the maximum amount of goods that can be transported over that link). A given amount
of goods, say truckloads of beer, have to get transported from node ‘s’ (starting point) to
node ‘t’ (terminal point) through the network. Your goal is to design a transport plan that
minimizes the total transport cost. Note that all nodes except s and t are transshipment
nodes in this model.

(b) Implement the mincostflow model from (a) in AIMMS. Using this AIMMS-model,
calculate a minimum cost tranport plan to transport 5 truckloads of beer from s to t in
the following transport network (the costs of the links are indicated in boldface and the
capacities in italics).
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(c) Now model the following ‘MaxFlow’ problem as an LP problem. given a transport net-
work consisting of nodes and directed links, where each link has an associated capacity,
determine the maximum amount that could be transported from a given node s to a given
node t through the network without violating the link-capacities.

(d) Implement your MaxFlow model in AIMMS and calculate the maximum number of truck-
loads that can be transported from s to t in the network from (b). Also indicate the optimal



transport plan (how many items are transported over every link). For this question, you
can ignore the costs of the links, and just use the given capacities.

(e) Use a parametric curve to show with AIMMS how the minimum total transport cost,
computed in (b), changes as the number of truckloads transported through the network of
(b) increases from 1 to 8. Explain the curve you get. How does your answer to (d) (the
maximum number of truckloads that can be transported through the network) show up
here?

Exercise 2 (Shortest Path)
Consider the following ‘Shortest Path’ problem, which is the problem solved (statically) by
the ANWB routeplanner on the internet or (dynamically) by a car navigation system. Given a
network consisting of nodes and directed links between some pairs of nodes with a certain length
(or cost) attached, the problem is to determine the shortest (or cheapest) route in the network
between two specific nodes of the network.

(a) Write down a BIP (binary integer program) for this problem. Explain the variables and
constraints of your model.

(b) Implement this BIP model in AIMMS and using your AIMMS model, compute the shortest
path between node r and node s (and its length) in the network below. For every link of
the network, the length of that link is given in the picture.
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(c) Design an end-user-page in AIMMS for your model, to facilitate testing of your model on
other instances.

(d) Compute the LP-relaxation. Change your BIP model in AIMMS to an LP model by
allowing the link-variables to be nonnegative. Does the optimal solution change? Explain
why or why not.

(e) Actually, the mincostflow model you created in Exercise 1 is more general than the shortest
path model. Explain this statement.

(f) Compute a shortest path from s to t in the network from Exercise 1(b) using the mincost-
flow model you created there. Also compute the shortest r–s path in the network of (b)
again, now by starting a new case in the mincostflow AIMMS model from Exercise 1.



Exercise 3 (Assignment)
Consider the following two optimization problems. Model the general problems as Binary Integer
Programs (BIPs), and implement these models in AIMMS. Compute the optimal solutions to
the specific instances given by solving the corresponding ‘cases’ of the AIMMS-models. Design
end-user-pages in AIMMS for your models, to facilitate testing of your models on other instances.
Finally, compute LP-relaxations of these models and explain why the optimal solutions do not
change.

(a) Suppose we have k machines at our disposal: m1, . . . ,mk. On a certain day we have to
carry out n jobs: j1, . . . , jn. Each machine is capable of performing some jobs, but can do
only one job a day. E.g., we could have five machines m1, . . . ,m5 and five jobs j1, . . . , j5

and the capabilities of the machines are indicated by crosses in the following table:

j1 j2 j3 j4 j5

m1 X X X
m2 X X X X
m3 X X
m4 X
m5 X

We want to assign the machines to the jobs in such a way that every machine performs at
most one job and that a largest number of jobs is carried out.

(b) Five mechanics, stationed in the cities A,B, C, D, E, have to perform jobs in the cities
F,G,H, I, J . (In the general problem n mechanics have to be assigned n jobs). The jobs
must be assigned in such a way to the mechanics that everyone gets one job and that the
total distance traveled by them is as small as possible. The distances are given in the table
below.

F G H I J

A 6 17 10 1 3
B 9 23 21 4 5
C 2 8 5 0 1
D 19 31 19 20 9
E 21 25 22 3 9

Exercise 4 (Designing a timetable for the Industrial Design department)
The following problem is taken from real-life at the TU/e department of Industrial Design. For
a certain part of their curriculum students of Industrial Design had to pick a number of credits
from a pool of subjects. On average each of 244 students needs three credits, to be selected
from a pool of 46 possible subjects. Subjects are being taught at prespecified time slots, where
each subject is taught in a single time slot (simplification). A week has 10 of those time slots,
but slots 7 and 8 have been reserved for something else. Now each student is allowed to give a
ranked list of eight topics from which a desired number is to be assigned. The most preferred
topic is given first, next the second most preferred topic, and so on.

The subjects are being taught in small groups and it is not allowed to exceed the maximum
group size, whereas it is highly preferred not to go below a minimum group size threshold.



Students should not be assigned to subjects that are being taught at the same time. They
should only be assigned subjects that show up in their preference list, and they should be
assigned not more than their required number of credits.

As far as the study coordinator is concerned he wants to assign as many subjects to students
as possible, because for each non-assigned credit he will have to arrange something special and
this takes a lot of work. His second priority is to have the courses occupied below their minimum
size as little as possible, and third priority is to assign to students a set of most preferred topics.

The data containing the relevant information is given in an excel-file with two sheets. The
first sheet, marked ‘studenten’, contains a line for each student, with in the first position the
student-id, in the second column the number of required credits, and in columns C to J the
preferred topics. The students’ real names and id’s have been deleted from the original file for
privacy reasons. The second sheet has a row for each subject, containing the name of the topic,
the minimum and maximum number of participants, the time slot in which the course is given,
and finally the weight of the subject. For the moment the weight is not relevant.

The excel-file can be downloaded via the link http://www.win.tue.nl/~wscor/OW/2WO09
and it is possible to read from this excel-file using AIMMS. The best thing to do is follow the
example of the ‘Excel-link’ found among the example-projects. Write a routine that reads data
from a prespecified file, and include a button on the end-user page that triggers this procedure.

(a) Model the problem of finding a course assignment as good as possible from the view point
of the study coordinator. Hint: try to identify a network flow problem and formulate it as
a Linear Program.

(b) Incorporate into the resulting model the following additional feature: use at most the first
numb_of_prefs_used given preferences. By lowering this parameter from 8 to say 5 you
can vary the possible answers.

Send in for evaluation: your completed timetabling project


