2WO009, Modelling of LP problems, Exercises I (LP and IP)

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 0
Work through the Tutorial for beginners.

Before making the next few exercises, you should read chapters 2 to 4 of ’'Optimization Model-

ling’.

Exercise 1

(a)

(b)

Implement in AIMMS the chips manufacturing problem as explained in Section 2.1 and
Chapter 3 of Optimization Modelling. You should obtain the same optimal solution as
described on page 20.

Obtain the results described in sections 4.2 and 4.3 (shadowprices, reduced costs) for the
chips problem in AIMMS.

Hint: every constraint identifier has a ‘Property’ field where you can check the box Sha-
dowPrice in the Properties Wizard. In the end-user page you can now add shadowprices
of constraints to the contents of a table or composite table (select the constraint first, and
then choose ShadowPrice as suffix). Similarly for reduced costs. You may need to change
the number of decimals and the width in the Format tab of the table properties to make
sure the results are printed with the same precision as in section 4.2.

Another way to obtain sensitivity information in AIMMS is by means of a ‘parametric
curve’ object in the end-user page. To make a parametric curve, AIMMS just recomputes
the optimal solution for various values of the parameters in the model. Include parametric
curves in your end-user page depicting the sensitivity of the chips model to changes in two
parameters of your own choice.

Adapt your AIMMS model, so as to obtain the optimal integral solution.

Add a new model within the existing chips-project to compute the optimal (integral)
number of batches of b kilogram, where b is a new parameter indicating the batchsize. In
this new model you need new variables indicating the number of batches to be produced
of the products. Define these new variables (in a constraint) from the corresponding old
variables which indicated the number of kilograms to be produced. For a batchsize of 30
kilogram, you should obtain the answers described on pages 24 and 25 of Optimization
Modelling.

Hint: in an AIMMS-project containing multiple models (MP’s) it is possible that not every
model uses all the variables (constraints) of the project. A subset of variables (constraints)
can be created by declaring a new set, a subset of the predefined set AllVariables (AllCon-
straints) with a definition specifying which variables (constraints) from the project should



be included in this subset. The subset of variables (constraints) to be used by one model
from the project can then be specified in the field ‘Variables’ (‘Constraints’) of that model.

Exercise 2
After finishing the 1 hour Tutorial for Beginners, answer the following questions (by adapting
your AIMMS transportation model appropriately).

(a)

(b)

Compute the shadowprice for each of the constraints of the Beer Transport problem.
Explain the answers AIMMS computes by closely inspecting the data of the Beer Transport
problem.

Compute the reduced cost for each of the variables in the Beer Transport problem. Ex-
plain the answers AIMMS computes by closely inspecting the data of the Beer Transport
problem.

Consider the minimum cost transportation problem of a company with three plants and 4
distribution centers, where Plants 1, 2, and 3 produce 12, 17, and 11 shipments per month,
respectively, and each distribution center needs to receive 10 shipments per month. The
distance from each plant to the respective distribution centers is as follows:

Plant 1 is 800 miles away from center 1, 1300 miles from center 2, 400 from center 3, and
700 from center 4.

Plant 2 is 1100 miles away from center 1, 1400 miles from center 2, 600 from center 3, and
1000 from center 4.

Plant 3 is 600 miles away from center 1, 1200 miles from center 2, 800 from center 3, and
900 from center 4.

The freight cost for each shipment is $100 plus 50 cents per mile. How much should be
shipped from each plant to each of the distribution centers to minimize the total shipping
cost?

Hint: solve this problem in AIMMS by just solving a new case of your Beer Transport
model (or a slight extension of it).

What happens to the optimal solution of the Beer Transport problem if you add the
requirement that the number of truckloads of beer that gets transported from any plant
to any customer is integer-valued. The same question if the number of shipments in (c)
should be integer. What if you change the right hand sides (supplies and demands)?

Exercise 3
Read Chapter 9 of Optimization Modelling (on A Media Selection Problem) and make the
exercises at the end of that chapter.

Send in for evaluation: one project containing three models, one model for each constraint you
defined in exercise 9.3. of Optimization Modelling.

Exercise 4 (Sudoku)

A Sudoku is a puzzle where you have to fill in nine times the numbers 1 up to 9 in a 9 by 9
square such that in every row an in every column every number occurs exactly once. Moreover,
the 9 by 9 square is divided into nine smaller 3 by 3 squares, and also for any of these smaller



squares it should be true that every number occurs exactly once in it. Some of the entries have
been filled in for you (they are predefined). Design a sudoku-solver in AIMMS. In the end-user
page one should be able to fill in the predefined entries, and by clicking on a solve button, a
completely and correctly solved sudoku should be returned. For more information on sudokus
and for examples to test your model on you can have a look at (for example) www.sudoku.nl or
www.sudoku.com.

How long does it take AIMMS to find a solution to the LP-relaxation of the problem. What
does it mean? How big is the branch and bound tree before a MIP solution is found? Can you
also make a model for an n? x n? sudoku, where n is an integer larger than or equal to 4? Can
AIMMS solve such an instance within reasonable time?

Hints: you need the Academic Version of AIMMS for this problem. If you want to be able to
do computations at home, start with a 4 x 4 sudoku-solver.

A progress window can be viewed in AIMMS under Ctrl-P.

An element parameter can take values from a set you defined in an AIMMS-project, whereas
normal parameters (and variables) take their values from the real numbers.

Send in for evaluation: the completed sudoku project.



