Constraint Programming 2002: Laboration 2

Introduction:  In this lab we will experiment with interval reasoning andibds consistency for simple arithmetic
constraints, and domain propagation for #ex i al i zed global constraint. You are not allowed to use any CP
library to solve this lab.

Laboration 2-1: Bounds Consistency for Linear Sum Constrants

Implement bounds consistency on arithmetic constraintsisting of a linear combination and an inequality using
interval reasoning as described in the lectures (and irk&)cThe constraints you should be able to handle in this
lab are on the form

CyX1 +CoXy 4 -+ -+ CnXn CMP k

wherexy, X,,...,X, are domain variablesgMP is one of the symbols in the s¢k,<,=,>,>,#} andk is a
constant. You should be able to handle both integer and rilpagoint variables (that is, you should be able to
specify if you want to use integer or floating arithmeticspt&lthat integer variables give more pruning!

You should also give a set of test examples for the BC algworitbu have implemented. The test cases should
include both positive and negative coefficients, and akksad inequalities.

Laboration 2-2: Bounds Consistency on Nonlinear Constraits

Extend your implementation with bounds consistency prajpag for the three constraints
X=YyXZ

X = minimum(y, z)
X = maximunty, z)

wherex,y andz are domain variables. You must handle the case where ang afdimains include O correctly (to
avoid division by zero). Note that the propagation routias to be recalled after each pruning step if the domains
have changed. As before, your implementation should betatit@andle both integer and floating point variables
(the user can select either integer or floating point profiaga

Laboration 2-3: Propagation for the seri al i zed Constraint

In this lab we will implement a very simple incomplete proptay for theseri al i zed constraint. A task is
represented by two domain variables, where the first variadppresents the start time and the second variable
represents the duration of the task. The basic pruning Eleméompute an interval for each task, where the task
must execute. This interval can then be subtracted from the dwadithe other tasks. The interval for each task
with starts, and duratiord; wherei must execute can be calculated as

[f.tl=[§.5 +d]

wherex andx represent the upper and lower bound of the domain for thaliax. If [f,t] is empty, no pruning is
possible for this interval.
In detail, the following situations can arise whies [f,t] should be removed from task= (s;,d;). We denote
s +di].
i

jo i
the interval ofpossible execution fort; asP = [b,€] = [s;, 5
e The intervald andP do not intersect. This means that the execution of anotls&ritd does not affect the
execution of taskj.

or



e Theintervall partially overlapP, so thatP starts aftet. In this case we should shrifkfrom the start (left).
This means that we can increase the lower bouns| dfrt is greater thars;:

i(— max(i,t)

e The interval partially overlagP, so thatP starts beforé. In this case we should shrifkfrom the end (right).
— Shrinkd; if and only ifs; +-d; > f. We can do this by assigning

d_mein(dj,ffi).

— Shrinks; if and only if 5; +d; > f. We can do this by assigning
§; < min(s;, f —d;).

J J

e The intervall; overlapl; intersects in some other way. In this case we either havertove a part of; in the
middle, or remove all ofj. We treat both cases together.

First we copyl; into 1 andI?.

Process’.jl by assuming that we removefrom the start ot1, as in the second case above.

Process’.j2 by assuming that we removefrom the end ofl, as in the third case above.

If IJ-l is now empty, let; — IJ-Z. If IJ-2 is now empty, let; — Ijl. If neither is empty, we have a disjoint
interval, which we have to handle appropriately using oundim representation.

p ——

or

The propagator should be able to prune the domains as abdweetect failure. The pruning requires that we
can represent holes in the domains of the variables. A pesspresentation fulfilling this criteria is to represent
domains as lists of integer values. Two drawbacks of this@ggh are that it requires finite domains and that it
is wasteful in terms of space and time. A more suitable remtasgion for a domain is to use a list of intervals,
which also allow noninteger variables. However, this apphois more difficult to implement. You can choose to
implement either of these domain representations. Ala® giset of examples showing that the propagator works
as expected.



