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Abstract

This master’s thesis presents the design of a tool aiming to assist composers in their creation process. It
uses constraint programming to enforce musical rules through two constraint satisfaction problems (CSP).
This thesis is built on an already existing thesis focused on rhythm [11], and is as a result more pitch oriented.

Gecode, a powerful constraint solver, is used to model the musical problems in terms of constraints. Open-
Music, a visual programming and composition environment based on Lisp is used to represent the musical
aspect of this thesis, and as a support for Melodizer. GiL, an interface between Gecode and Lisp, is used
to connect Gecode and OpenMusic and allow for the creation of constraint problems in a musical environment.

A tool, Melodizer, is designed to help composers increase their expression and composition abilities by
using constraints to generate melodies. It provides an intuitive and interactive interface making it easy for
composers to customize their problem by giving input and setting parameters such as solution variety or
optional constraints, and allowing him or her to edit any proposed solution.

Two CSPs allow Melodizer to model a variety of problems using a set of mandatory and optional con-
straints. It does not aim to generate ready-to-use music but rather to provide interesting out-of-the-box
ideas for composers. It provides a solid base towards a bigger picture allowing composers to create sym-
phonies from a similar tool.

If you are a composer, we suggest you look at chapter 7 first. It contains a variety of concrete exam-
ples of what Melodizer can be used for. Each of these examples comes with a video allowing you to hear the
result, along with a small explanation on how to reproduce the same result using Melodizer in OpenMusic.
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Chapter 1

Introduction

1.1 Context and motivation

Computers have an ever increasing role in our society, and music composition is no exception. They are
found in many parts of the music production process, from writing simple phrases to composing complex
pieces. This master’s thesis will focus on computer-aided composition, which is just one of the many appli-
cations for computers in the musical world, with the help of constraint programming. The goal is to create
a tool in OpenMusicEl, a composer workbench developed at IRCAMEl, that uses constraints programming
with Gecodeﬂ a powerful framework for constraint based applications, to generate interesting and innovative
melodies to increase a composer’s exploration and expression abilities. It is built on the fact that musical
rules, such as harmony and rhythm, can be expressed as mathematical expressions on numbers, and con-
straint programming is therefore a convenient solution to express those rules. The main advantage is that a
solver is not influenced by personal biases or social context and can therefore suggest melodies that are very
different from what a composer would come up with.

Past work on computer-aided composition with constraints is abundant ([1], [2], [16], |17]), so the goal of
this work is not so much to explore musical rules expressed with constraints, but rather to provide composers
with a practical musical composition tool. The focus has been to offer a wide set of useful tools and to create
an interface allowing composers to easily handle their musical ideas and to generate new ideas. Compared to
these works, we take advantage of progress in computer speed (100x) and sophistication in constraint solving
(Gecode). We believe that the current situation is better suited for a successful tool than the previous works
of twenty years ago.

This thesis has two main axes : developing an interface between Gecode and Lisp to allow the use of
constraint programming in OpenMusic, and developing a constraint-based tool in OpenMusic that composers
can actually use as a creative tool, though the latter is more important. It is built on the work of Baptiste
Lapiere |11], who made the first step towards such a tool by implementing the start of an interface between
Gecode and Lisp, and a tool, Rhythm-Box, allowing for rhythm generation from the user’s input. The aim of
this work is to continue developing the interface between the constraints world and the musical world, while
producing a powerful and useful tool for composers. Since work has already been done regarding rhythm
generation, this thesis will be more pitch-oriented. Rhythrn—BoxEl can be used to generate rhythm to use
with Melodizer, or composers can invent rhythmic phrases themselves. The end goal is to be able to use
Baptiste’s work on rhythm along with the results of this thesis to provide an interesting tool for composers
to experiment with.

In order to express constraints on musical elements as mathematical expressions, we need a way to express
these musical elements as numbers. Pitch will be represented using the MIDI notation, while rhythm will be
expressed using rhythm-trees.

Thttp://repmus.ircam.fr/openmusic/home
2https://www.ircam.fr
Shttps://www.gecode.org
4https://github.com/blapiere/Rhythm-Box



1.2 Contributions

This thesis has many contributions, that can be organised in three different categories :

Developing GiL, an interface between Gecode and Lisp The first contribution is the addition of
a variety of Gecode features to Gilﬂ to allow for more complex and interesting Constraint Satisfaction
Problems (CSP) in Lisp. The work done in [11] was the start of an interface between Gecode and Lisp, and
though it was complete enough to create CSPs in Lisp, it was lacking several features to give more flexibility
to the user. The following features were added:

e Multiple branching strategies: before, there were only one default strategy for variable and value
selection. GiL now has a few possibilities for both, and it is easy to add strategies that you need if they
are not already supported.

e Search engines : additions were made to the search engine wrapping to make it more flexible, and a
function to detect if the search has been stopped has been added as well.

e Search options : The possibility to add a time limit to the search and to specify the number of threads
to use has been added to GiL as well, making it easier to customize the search for a specific problem.
Other options can be easily added due to the design of the wrapping.

e Constraints : A few additional constraints have been added to GiL, making its catalogue of constraints
even larger.

e Bugs : Finally, some bugs were found and fixed to make GiL as reliable as possible.

A first approach to a Constraint Satisfaction Problem for music The second contribution of this
master’s thesis is a constraint satisfaction problem that can find solutions respecting a set of musical con-
straints. It is implemented in Lisp using GiL. It takes as input a chord sequence and a rhythm for a melody. It
then applies basic musical constraints to make good-sounding melodies that can be played on top of the input
chords without restraining the set of solutions too much. The CSP in itself contains multiple contributions :

e A set of musical constraints allowing the composer to customize the solutions while having some manda-
tory constraints making sure the melody will sound good. These constraints include : a constraint
forcing the notes to be in a given tonality, a constraint restraining the interval between two consecutive
notes, a set of constraints giving the melody a general direction, and more.

e A searching strategy that allows to have a wide variety in the solutions using a branch-and-bound
search engine to post a constraint when a solution is found.

e Control of the variety of the solutions through the interface so the composer can adapt it to their needs.
e It often happens that the solver takes a large amount of time. We have introduced a technique where

the user (the composer) can stop the solver after a desired time.

Melodizer, a tool in OpenMusic to assist composers in their creation process The third and
final contribution of this master’s thesis is an interface allowing to use the constraint satisfaction problem
depicted above. It does not aim to generate ready-to-use music but rather to stimulate composer’s creativity
and opening his or her mind to new horizons. Here are some of its main features :

e Melodizer provides a large number of constraint-based tools for the composer, allowing them to cus-
tomize the problem.

e Melodizer allows the composer to easily navigate through and interact with the different solutions.

e Melodizer allows the composer to keep interesting results and use them in further exploration. There
are three levels in which results can be stored, namely Motifs, Phrases, and Periods. |10]

e Melodizer offers a way to export results out of the interface to be used with other components of
OpenMusic.

Shttps://github.com/sprockeelsd/GiLv2.0



1.3

Melodizer Example

Figure shows an example of one of many things that can be done using Melodizer. In this particular
example, a composer takes an already existing song, “Puisque tu pars” by Jean-Jacques Goldman, and wants
to find a different melody to play on top of the same chord sequence. To do so, they separate the melody
from the chords and give the melody’s rhythm along with the chords as input to the Melodizer tool. They
can select the tonality they want for the solution (D major in this case) and then start the search. One of
the solutions generated by Melodizer is displayed at the bottom of the figure. The chords, rhythm, original
song and new variation can be played by scanning the QR code.

1.4 Roadmap

This thesis covers the following topics:

Chapter 2] covers the basic knowledge necessary to understand the discussion in this master’s thesis. It
starts with a few notions of music theory to allow the reader to understand the musical constraints as
well as the examples. It also covers the basics of constraint programming, explaining what it is and the
main components of a constraint satisfaction problem. Finally, it talks about Gecode, the framework
for constraint programming, and OpenMusic, the software in which Melodizer can be used.

Chapter [ covers the model used for the constraint satisfaction problem used in Melodizer. It explains
what variables are used, and what are their initial domains. It then details every constraint, optional
and non-optional, that are supported in Melodizer, and discusses the branching as well.

Chapter [4] describes the search strategy for solutions, as well as a discussion on how to improve the
variety of the solutions that are suggested to the user and how to make the search faster. It also covers
how and why the search is separated from the rest of the tool. It concludes with a concrete example of
a musical CSP using the model of chapter [3] and the search described in this chapter.

Chapter [p] talks about the design and implementation of the Melodizer tool in OpenMusic. It discusses
the representation used for the musical elements, and gives a reminder on Voice objects. It then discusses
the design of Melodizer, starting with the attributes of the melodizer object. After that, it discusses
the melodizer object editor, which is the interface for the user. Finally, it details the implementation
of the object and the interface.

Chapter [f] explains all the components of the interface of Melodizer, and gives a tutorial on how to use
it. It starts by a tutorial on how to set up the environment, and details the different steps of creating
and solving a musical problem. It explains how to give input to the object to set the parameters of the
problem, how to add optional constraints, how to search for and modify solutions, and how to assemble
different solutions into one musical piece. Finally, it explains how Melodizer can interact with other
features of OpenMusic inside a patch.

Chapter [7] shows some simple examples of composer use scenarios for Melodizer. These are actual situ-
ations that composers might find themselves in. It explains the scenario, provides visual representation
of the input and output of Melodizer, and provides a small video showing the result produced by the
tool. It concludes with a video tutorial on how to use the main features of Melodizer. If you are a
composer, we suggest you start with this chapter.

Chapter [§] talks about the interface between Gecode and GiL. It first talks about the structure of the
library, as well as the features already in GiL before the start of this master’s thesis and how they are
wrapped. It then talks about this thesis’ contribution and gives an example of how to use GiL in a
side-by-side comparison with Gecode. Finally, it explains how to add other features to GiL.

Chapter [9] summarizes the work of this master’s thesis and gives a few ideas on what can be done to
improve Melodizer and GiL.
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Figure 1.1: Example of the use of Melodizer to generate a different melody with the same rhythm for “Puisque
tu pars” by Jean-Jacques Goldman Eﬂ



Chapter 2

Theoretical background

This chapter introduces the fundamental notions necessary to understand the discussions of this master’s
thesis. It will first cover the basics of music theory, including the different symbols used to represent music, a
definition of tonality and a description of a few types of chords. It will then discuss constraint programming,
and explain models and a few different types of search. It will also talk a little bit about Gecode, the
constraint programming framework used for the constraint-programming part of this thesis, and explain how
to use it to solve CSPs. Finally, it will talk about OpenMusic, the software in which Melodizer can be used,
and discuss the main components of an OpenMusic project.

2.1 Musical notions

In order for the reader to understand the musical aspect of this master’s thesis, basic notions of occidental
music theory will be briefly explained in this section, including vocabulary and basics on reading music. This
section is not a music theory class, therefore it will only discuss relevant concepts in the context of this
master’s thesis. The curious reader can read [6] for more information on music theory.

2.1.1 Staff

A staff is the most common way to represent notes with their pitch in occidental music. It consists of five
horizontal lines, evenly spread, counted from the bottom up. A staff is divided in bars, according to the time
signature. A variety of symbols can be found on staves, the most important ones will be discussed here.

Notes Notes have two main characteristics : a duration and a pitch. Duration is expressed in the shape
of the note, while pitch is expressed in the position of the note in a staff, with respect to its clef. Figure 2.2]
shows the most commonly used shapes for durations and the relations between them. The whole note, on
top of the figure, is usually used as a reference. There are only seven names used to express the pitch of a
note, but alterations can be used to describe all twelve notes of occidental music. Those names are A, B, C,
D, E, F, G. The twelve notes used in occidental music are depicted in figure [2.1

Clef There are two clefs that are most commonly used, the G clef and the F clef. The G clef, found on the
first staff of figure is typically used to represent higher pitch. The swirl in the center of the clef wraps
around the second line, that represents the G. Every step up or down, to a space or another line, goes to the
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Figure 2.1: Example of 2 staves with different notes and symbols
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next note. For example, the space between the second and third line represents an A, one note above G, and
the third line represents a B, one note above A and two notes above G.

The F clef, found on the second staff of figure 2.1} is used to represent lower pitch. The two dots are around
the fourth line of the staff, that represents an F. A step up or down works the same way as with the G clef.
The space between the third and fourth lines represents an E, and the third line represents a D.

Rests Rests are symbols that represent the absence of a note. They are related to the different shapes of
notes discussed before, and figure shows the relation between the shapes of notes and the rests.

Alterations There are three main alterations used to modify the pitch of a note: the “sharp” (), the
“flat” (b) and the “natural” (§). The sharp symbol moves the pitch up by a semitone, the flat symbol moves
the pitch down by a semitone, and the natural symbol cancels all previous alterations.

Other rhythmic symbols There are symbols that can be used on a note to alter its duration, in addition
to the shape of the note. A note can be “dotted”, meaning it has a dot on its right, and that increases the
note’s duration by half. Two notes having the same pitch can also be linked together, meaning that the
duration of the note is the duration of the two notes linked together. Finally, three notes of the same shape
can be linked together with a “3” on the line linking them, and that will mean that these 3 notes combined
will have a duration equivalent to only two of the notes. This is called a triplet. Figure[2.4]shows an example
of use of these rhythmic symbols.

Time signature The time signature gives the rhythmic duration of a measure. It is composed of two
numbers, one above the third line of the staff and one below the third line of the staff. The first number gives
the number of beats in a bar while the second number gives the duration of a beat with respect to a whole
note. For example, a time signature of (3 4) means that a measure has the length of three quarter notes.

&
I
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Figure 2.4: Example use of doted notes, linked notes and triplet
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Figure 2.5: Comparison between the D major and D minor scales
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Figure 2.6: Different types of A chords

Tempo The tempo translates rhythmic duration into time. It is usually expressed in beats per minute
(bpm). For example, ﬁgure has a tempo of 120bpm, meaning that each beat is half a second long. Since
the time signature is (4 4), it means that a quarter note is half a second long.

2.1.2 Tonality

A tonality is defined by two elements : a key and a mode. The key is one of the 12 notes, and is used as a
base to build the tonality with the mode. The mode specifies the sequence of tones and semitones that make
the tonality. For example, the major mode is defined as the succession of two tones, one semitone, three
tones and one semitone. There are many modes, but the most common are the major mode and the minor
mode. Figure shows the notes used in D major (figure and D minor (figure .

2.1.3 Chords

Chords are identified by a root note and a type, that can be recognized by the intervals between the notes
of the chord. This section will describe the most common three notes chords.

Major chords A major chord is composed of a major third (4 semitones) and a major fifth (7 semitones)
from the root (figure [2.6al).

Minor chords A minor chord is composed of a minor third (3 semitones) and a major fifth (7 semitones)
from the root (figure [2.6D)).

Diminished chords A diminished chord is composed of a minor third (3 semi-tones) and an augmented
fourth (6 semitones) from the root (figure [2.6d]).

Augmented chords An augmented chord is composed of a major third (4 semitones) and an augmented
fifth (8 semitones) from the root (figure [2.6d)).

Suspended fourth chords A suspended fourth chord is composed of a major fourth (5 semitones) and a
major fifth (7 semitones) from the root (figure [2.6¢)).

Inversions Three notes chords have three possible forms : the fundamental, the first inversion and the
second inversion. These inversions are represented in figure for the C major chord.
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Figure 2.7: Different forms of the C major chord

2.2 Constraint programming

This section will explain what constraint programming is, and what it can be used for. It will cover the
important elements such as how to model a problem to use constraint programming to solve it, and how
a solver works. It will also talk about selection heuristics and provide a concrete example of the use of
constraint programming to solve a sudoku.

2.2.1 What is constraint programming?

Constraint programming is a paradigm for solving combinatorial problems. Users state the constraints that
a set of decision variables must follow, and they specify guidelines on how to search for a solution. They do
not have to worry about solving the problem, the solver is doing the work. Constraints differ from imperative
programming in that they do not specify a sequence of steps to follow but rather a “property” of a solution.
A good model is therefore really important to maximize the chances of finding a solution relatively fast [5].

Constraint Satisfaction Problem (CSP) A CSP is a triplet < X, D, C > where X is the set of decision
variables, each with domain D(z), and C is a set of constraints. A solution to a CSP is a candidate solution
(assign to each variable a value from its domain) that satisfies all the constraints in the CSP [13].

Constraints are used to reduce the domain of variables. That process is called constraint propagation. In
constraint programming, the user focuses on modeling the problem, and not so much on finding the solution.
That is the responsibility of the solver. The solver searches for solutions by assigning values from their
domain (updated by constraint propagation) to variables, and checking if they still satisfy all constraints.
The user can specify how the search is done by using different types of solvers, and they can specify how the
variables and values from the domain are selected by defining search heuristics. The quality of the model
can often make the difference between finding a solution or not.

Solvers There are many different solvers, so we will only cover the ones that are relevant for this master’s
thesis. The first solver is the depth-first search engine. It works by selecting the first variable according to
the variable heuristic, then selecting the value for that variable according to the value heuristic, and so on.
The second search-engine we will see is the branch-and-bound search engine. It works like the depth-first
search engine in Gecode (see Section, except that when a solution is found it posts a new constraint that
is specified by the user. It is very useful when we are looking for the best solution for example.

Variable selection heuristics There are many ways to choose the order in which we should select the
next variable to assign, that are more or less effective depending on the problem. Here are a few possible
heuristics :

e Select the variable who’s current domain is the smallest
e Select the variable that has the biggest degre{l

e Select the variable randomly

Lthe degree of a variable is the number of constraints where this variable appears



Value selection heuristics There are also many ways to choose the value that will be assigned to a
variable, some of them are listed below:

e Select the smallest value of the domain
e Select a random value in the domain

e Split the domain and keep all the values not greater than the mean of the smallest and largest value

Split the domain and keep all the values greater than the mean of the smallest and largest value

Select the greatest value that is not greater than the median

2.2.2 Example of a CSP
Figure 2.8 shows a CSP written in C++ with Gecode to solve a sudoku. The constraints applied are :
o Vi,j€[1,9]sti#j x;x # xj;, all the tiles on a given row must have a different values

o Vk, 1€ [1,9] stk #1 x; # x;,, all the tiles on a given column must have different values

o Vi, j, k,le[l,9] st% = % andg = é x;. 1 7 x5, all the tiles in a given square must have different values.

where z; ; is the tile at position (i,j) in the grid. The main steps are highlighted in blue, including :
e The creation of the variables
e The posting of the different constraints stated above

e The specification of the branching heuristics (largest accumulated failure count by domain size for the
variables, smallest value for the values)

e The specification of the solver (Depth-First Search)

2.3 Gecode

Gecode [14] is an open source C++ toolkit for developing constraint-based systems and applications. It is
very comprehensive, efficient and flexible, which makes it a perfect tool for this master’s thesis. This section
will present the most important features of Gecode. Figure [2.8]shows an example of a CSP to solve a sudoku
using Gecode.

Space In Gecode, every CSP is modelled by creating a class extending the Space class. Variables are
created in the constructor of the class, and constraints are posted in the constructor too. The branching is
also specified in the constructor. A search engine is then created in another function (e.g. a main function)
to search for solutions of the problem. It takes an object representing the problem as an argument.

Variables Four types of variables are supported in Gecode: Integer variables, boolean variables, float
variables and set variables. They are created by calling the corresponding constructor, with the first ar-
gument always being the current space. Gecode also supports arrays of variables, and argument variables
(intermediate variables that are not updated during the search).

IntVarArray vars(xthis,5, 1, 10); // create an array of 5 integer wvariables with a
domatin of [1,10]

Constraints Constraints are posted in the space using a predefined function that also takes the space of
the problem as the first argument. There is a wide variety of constraints in Gecode, the full list of constraints
is available on the Gecode website Pl

distinct (xthis, vars); // post the all-different constraint on the IntVardrray vars

2www.gecode.org



class Sudoku : public Script {
protected:
/// The size of the problem
const int n;
/// Values for the fields
IntVarArray x;
7 public:
8 /// Constructor
9 Sudoku (const SizeOptions& opt)

UL W N

10 : Script (opt),

11 n(example_size (examples[opt.size()]1)),

12 x(*this, n*n*n*n, 1, n*n) {// define the wariables
13 const int nn = n*n;

14 Matrix<IntVarArray> m(x, nn, nn);

15 // Constraints for rows and columns

16 for (int i=0; i<nn; i++) {

17 distinct (*this, m.row(i), opt.ipl());

18 distinct (*this, m.col(i), opt.ipl());

19 }

20 // Constraints for squares

21 for (int i=0; i<nn; i+=n) {

22 for (int j=0; j<mnn; j+=n) {

23 distinct(*this, m.slice(i, i+n, j, j+m), opt.ipl());

24 }

25 }

26 // Fill-in predefined fields (post constraints)
27 for (int i=0; i<nn; i++)

28 for (int j=0; j<nn; j++)

29 if (int v = sudokuField(examples[opt.size()], nn, i, j))
30 rel(xthis, m(i,j), IRT-EQ, v );

31 branch(*this, x, INT_VAR_AFC_SIZE MAX(opt.decay()), INT_VALMINQ));
32 }

33 ...

34 }

35 // \brief Main-function

36 int

37 main(int argc, char* argv[]) {

38

39 Script: :run<Sudoku,DFS,SizeOptions>(opt); // specify the solver (Depth-First Search)
40 return O;
41 }

Figure 2.8: Example of a CSP to solve a Sudoku using Gecode [14]

melody-finder patch  dummy problem tests rhythm-tree reading tests patch 5

[ 1]
—
maquette

T s motives-phrases-tests

melodizer-rhythm-box tree-durees

Figure 2.9: Example of an OpenMusic workspace
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Branching Branching strategies are expressed using the branch function. They are also posted in the
space. Gecode provides a wide variety of variables and value selection heuristics, a full list can be found in
[14].

branch (*this, vars, INT_VAR_SIZE_MIN(), INT_VAL_MINQ)); // select the wariable with the
smallest domain and select the smallest wvalue of the domain

Search Search engines are created as instances of a class. There are three types of search engines in Gecode
: Depth-First Search engines (DFS), Branch-And-Bound Search engines (BAB), and Limited Discrepancy
Search-Engines (LDS). They take as argument an instance of the class of the problem.

Problem* problem = new Problem(); // create an instance of the problem
DFS<Problem> se(problem); // create the search engine (DFS) for the problem

Search options Options for the search can be specified to a search engine, including the number of threads
to use for parallel search, a certain limit to stop the search and more. They are passed to the search engine
as an argument through a Gecode::Search::Options object that has a field for every option.

Gecode::Search::0ptions opts; // create the options object

opts.threads = 0;// use as many threads as possible

Gecode::Search::TimeStop maxTime (1000); // specify a time limit of 1000 ms

opts.stop = &maxTime; // add it to the options
DFS<Problem> e(problem, opts); // give the options to the solver

2.4 OpenMusic

OpenMusic (OM) is a visual programming language for computer-assisted music composition created at
IRCAM |[12]. It is build on top of Common Lisp, and can be used to create any type of programs though it
provides a variety of features and libraries to be used as a musical composition environment. OpenMusic is
composed of many elements, the most important ones in the context of this master’s thesis are detailed in
this section.

Workspace The first interface that appears when you start an OM project is called the workspace, and
it can contain maquettes, patches and lisp files. Figure [2.9] shows an example of a workspace containing
patches, lisp files and maquettes. This thesis only uses patches, so we will not discuss maquettes and lisp
functions any further.

Lisp listener The Lisp listener provides the result of the evaluation of boxes, information when errors
occur,... It allows the user to see the result of an evaluation.

Patch A patch is the equivalent of a program. It contains data, objects and functions, connected to each
other through inlets and outlets that represent the data flow. Figure 2.10] shows a patch with a simple
program to create a voice object.

2.4.1 Boxes

Boxes are the main components of a patch. They can be anything from values (numbers, lists,...) to
functions or objects. They can have inlets allowing them to receive input and outlets allowing their values
to be used. Figure shows the different types of boxes.

Data boxes They are the simplest boxes. They represent primitive data types and do not have any inlets.
They only have one outlet allowing their value to be used.

Function boxes They represent functions. The inlets represent the input and the outlets are the return
values of the function. Evaluating a function box is equivalent to calling the function and will display the
result in the listener.

11
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Figure 2.10: Simple patch showing the different boxes

Object boxes Object boxes in OpenMusic are factories to produce instances of that object. Their first
inlet and outlet are always a reference to the object itself, and other inlets and outlets are the setters and
getters respectively.

Score boxes Score boxes are a group of objects that are related to the musical aspect of OpenMusic. They
have an editor that can be used to modify them and play them.

Voice and poly objects Voice and poly objects are important for this master’s thesis, so they will be
discussed in more detail. Since a poly object is just a list of voice objects, and the way they can be edited is
the same, we will only discuss poly objects. Figure [2.11| shows the interface of the poly object.

Voice objects represent a musical voice on a staff, Wlth a tempo, a time signature, a rhythm and a pitch. The
main attributes are tree, the rhythm-tree of of the voice, chords, the list of pitches for the notes, and tempo,
the tempo of the voice. Each of these attributes can be set by connecting a data box to the appropriate
inlet of the voice object, or they can be edited from the editor of the object by adding notes, changing their
duration, and so on. Modifications to the voice can be done using the editor, the main ones are listed belowEl

e The pitch of a note can be adjusted by selecting it using the note tool or the chord tool and dragging
it up/down or using the arrow keys of the keyboard.

e Measures : Measures can be added by clicking on the measure tool and then clicking while pressing
the “Cmd” key down where the new measure needs to be, or deleted by selecting it and pressing the
“backspace” key.

e A rest can be transformed into a note and vice versa by selecting it using the chord tool and pressing
the “esc” key.

e An event can be split into a group of smaller events of equal value by selecting it using the chord tool
and entering a number representing the number of smaller events that need to replace this event.

e Notes can be added to a chord by selecting it using the note tool or the chord tool and pressing the
“emd” key.

e A voice or measure can be transposed by selecting it using the voice tool or the measure tool respectively,
and using the arrow keys.

3for more information on how to edit voice and poly objects, see https://support.ircam.fr/docs/om/om6-manual/co/
Editor-Rhythm.html
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Figure 2.12: A simple rhythm and the corresponding rhythm tree

Box evaluation Connecting boxes is like writing a program, but it doesn’t run it. To do so, one must
evaluate the boxes. Once a box is evaluated, all the boxes connected directly or indirectly to the inlets of
the evaluated box are also evaluated, unless they are locked. They are evaluated from the top of the tree-like
structure to the bottom, and from left to right. If a box should not be evaluated, it can be locked by selecting
it and pressing the “b” key.

2.4.2 Representation

OpenMusic is using MIDIcent representation for the pitch of the variables, and rhythm trees to represent
rhythm. Those notions are detailed in this section.

MIDI and MIDIcent representation MIDI representation encodes the pitch of notes with seven bits,
allowing to represent notes ranging from C-1 to G9. C4 has the value of 60, and adding or removing one is
equivalent to a pitch that is one semitone higher or lower. OpenMusic uses MIDIcent representation, and a
pitch in MIDIcent is the pitch in MIDI multiplied by a hundred. This allows to represent more pitches than
the traditional tones and semitones.

Rhythm trees Rhythm trees are a a list of elements that define a rhythm. The first element is the total
duration of the rhythm, if it is unknown it is a “?”. Then follows a list of bars, each of the form (time-
signature events). Within a bar, if there are events shorter than one beat, they are expressed as a group of
events. Figure [2.12| shows a simple rhythm and the corresponding rhythm tree.
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Chapter 3

Model

This chapter will cover the model used for the musical CSPs. Two different CSPs were developed in the
context of this master’s thesis, but they only differ in small parts and will be discussed together. Parts
specific to one CSP will be referred to explicitly. This section will describe the model of the musical problem,
including the decision variables, the different constraints (optional and mandatory) that are used to shape
the melody, and the different branching strategies that are used to efficiently find a solution.

3.1 Variables and their domains

The choice has been made to focus the attention on pitch only and to rely on other sources (Rhythm-
Box |11] or the composer) to generate the rhythm. Variables and constraints will therefore only consider
pitch. To represent pitch, the MIDI representation will be used, even though OpenMusic uses the MIDIcent
representation. This is motivated by the fact that using MIDIcent notation would result in much larger
domains in terms of size, with a lot of unused values, and would massively decrease the performance of the
tool as a result.

Pitch variable array The first array of variables used in the CSP is an array to represent the pitch of the
notes from the melody that the user wishes to find. It is of size n, where n is the number of musical events
in the input rhythm, and is an array of integer variables. They have a domain ranging from 0 to 127, the
maximal range of the MIDI notation, though in practice it is very unlikely that notes in a melody will cover
that range. The domain is kept as generic as possible to focus all the restrictions in the constraints part.
Note that with this domain, it is impossible for the CSP to assign an absence of value to a given note. That
is because rests are considered to be part of the rhythm, and they are therefore not part of the CSP. The
only rests in a solution will be the ones that are in the input rhythm.

Intervals variable array The second array of variables used in the CSP is an array to represent the
intervals between consecutive notes. It is of size n-1, where n is the number of musical events in the input
rhythm, and is also an array of integer variables. Their domain ranges from -127 to 127, where a negative
value represents an interval going down in pitch. It is kept as large as possible to keep all the restrictions in
the constraints part, even though such large intervals are never used. It is connected to the pitch variable
array through a constraint described in section |3.2.1

This second array is not strictly necessary since all of its elements can be expressed with variables from the
pitch array, however it makes it a lot easier to post constraints on intervals between notes. It also has the
advantage of allowing us to branch on intervals as well, which is convenient since a significant portion of the
constraints are related to intervals. This results in a much better overall performance than only using the
pitch variable array.

3.2 Musical constraints

This section will cover the design and implementation of all the constraints used in the CSPs. Some
constraints are always applied, some are optional, and some are only used in one of the two CSPs. Calls to

14
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Default constraints (both CSPs) Melody-finder CSP Variator CSP

In tonality (3.2.2) Melody direction (opt) (3.2.7) | At least n 1|3.2.9|)
Note on chord (3.2.3) All different notes (opt) (3.2.8)

Interval between adjacent notes 1D
Harmonic interval chord |
Range restriction (|3.2.6))

Figure 3.1: The category of the different constraints

; temporary wartables to make i1t easter to apply the linear constraint

(setq temp (gil::add-int-var-array sp 3 -12 108))

(gil::g-rel sp (first temp) gil::IRT_EQ (nth j pitch)); temp [0] = pitchl[j]
(gil::g-rel sp (second temp) gil::IRT-EQ (nth (+ j 1) pitch)); temp[1] = pitch[j+1]
(gil::g-rel sp (third temp) gil::IRT_EQ (nth j intervals)); temp[2] = intervals[j]
; —pitch[j] + pitch[j+1] - intervals[j] = 0

(gil::g-linear sp ’(-1 1 -1) temp gil::IRT_EQ 0)

Figure 3.2: Code linking the pitch and interval arrays together

GiL are highlighted in the code snippets. The currently supported constraints are :
e In tonality constraint (3.2.2)) : Ensures that the notes are in the given tonality

e Note on chord constraint (3.2.3]) : Ensures that a note played at the same time as a chord follows a set
of rules based on the type of the chord

e Interval between adjacent notes constraint (3.2.4) : Ensures that the interval between consecutive notes
follows a set of rules

e Harmonic interval chord constraint (3.2.5)) : Ensures that the notes in the context of a given chord have
a maximal interval of an octave

e Range restriction constraint : Restrains the ambitus of the melody

e Melody direction constraints : Give a general direction to the melody

e All different notes constraint : Ensures that all the notes are different

e At least n constraint : Ensures that at least n notes are equal to their value in a given melody

Table shows what constraints are default constraints, and shows what constraints are used for each CSP.

3.2.1 Relation between pitch and intervals

The pitch variable array and the intervals variable array are connected together using the following formula:

Vi € [0, n[intervals[i] = pitchli + 1] — pitchli]

where n is the length of the pitch variable array. It means that any interval is the difference between the
second note and the first note of that interval. Figure shows how this formula is applied in Lisp using
constraints.

3.2.2 In tonality constraint

This constraint ensures that, given a certain tonality represented by a key (A to Ab) and a mode (see figure
7 all the notes from the solution will be in that tonality. Notes belonging to a tonality can be deduced
from their key and mode as a series of tones and semitones starting from the key and repeating over and
over. In MIDI notation, a semitone is 1 and a tone is 2. We can then find all the notes from a given key

using the following formula :
dO’ITL(X) - Ntanality
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mode series of tones/semitones
major (ionian) tone / tone / semitone / tone / tone / tone / semitone

( )

dorian (tone / semitone / tone / tone / tone / semitone / tone)

prhygian (semitone / tone / tone / tone / semitone / tone / tone)

lydian (tone / tone / tone / semitone / tone / tone / semitone)

myxolydian (tone / tone / semitone / tone / tone / semitone / tone)

natural minor (aeolian) (tone / semitone / tone / tone / semitone / tone / tone)

locrian (semitone / tone / tone / semitone / tone / tone / tone)
harmonic minor (tone / semitone / tone / tone / semitone / 3 semitones / semitone)

pentatonic (tone / tone / 3 semitones / tone / 3 semitones)

chromatic (semitone / semitone / semitone / semitone / semitone / semitone /

semitone / semitone / semitone / semitone / semitone / semitone)

Figure 3.3: Sequence of tones and semitone defining the supported modes

where Nionatity is the set of notes from a specified tonality.
Figure [3.3] shows the tone and semitone sequence for the supported modes. The following Gecode con-
straint is then posted for each of the variables:

dom (home, IntVar variable, IntSet domain);

where home is the computation space, variable is an integer variable and domain is the set of notes that are
in the tonality specified. Figure shows the code for this constraint.

3.2.3 Note on chord constraint

This constraint ensures that, given a list of three note chords (in their fundamental form or their inversions),
the notes from the melody that are played at the same time as those chords will respect a set of rules depending
on the type of the chord.

Finding notes played on top of a chord The first step is to identify which notes from the melody are
played on top of chords. To do so, lists of starting times for the chords and for the notes of the melody are
computed. We then iterate through the list of chords starting times, and for each chord we iterate through
the list of notes starting time from the melody that have not been explored yet to check if one of them
is played simultaneously with the current chord. If there is a note who’s starting time corresponds to the
chord’s starting time, a constraint is posted on the domain of that variable according to table [3.6] and if it
finds a note that is played after the chord it switches to the next chord.

Identifying the chord Once we know that a given note is played on top of a chord, we must be able to
identify it in order to decide what values that note can take. To do so, the first step is to identify the type
of the chord and its inversion. This can be done using the intervals between the different notes of the chord
using table Once we know the type of the chord and the inversion, we are able to identify the chord. [8]
gives us rules for the notes that can be played on top of a given chord depending on it’s type. They can be
found in table B.6l The Gecode constraint used is

dom (home, IntVar variable, IntSet domain);
where home is the computation space, variable is the integer variable representing the note played on top of
the chord, and domain is the domain according to the rules stated above.

Additionally, a constraint is posted so that the interval between the highest note of the chord and the note
from the melody is at most 1 octave. The Gecode constraint used is

rel (home, IntVar variable, rel-type, int number) ;

where home is the computation space, variable is an integer variable, rel-type is a relation and number is
an integer. Figure |3.7] shows the code for this constraint. The code of some auxiliary functions will not be
presented here as it is too long, but it can be found in appendix [C]
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<sp> is the space,<notes> is the wartable array on which the constraint <s exzecuted
; <key> is the key,<mode> is the mode
(defun in-tonality (sp notes key mode)
(let (admissible-notes)
; call the function to get the list of motes in that tonality
(setf admissible-notes (notes-from-tonality key mode))
; set the domain of each variable to the set of notes from the tonality

..

O~ Utk WN -

(loop :for j :from O :below (length notes) :do
9 (gil::g-dom sp (nth j notes) admissible-notes)
10 )
11 )
12 )
13 ; returns the set of notes that are in the tonality specified by the arguments
14 (defun notes-from-tonality (key mode)
15 (let (admissible-notes note scale i)
16 (setq scale (get-scale mode)); get the scale in semi-tones
17 ; then, create a list and add the notes in <t
18 (setq note key) (setq i 0)
19 (setq admissible-notes (list))
20 ; add all notes above the key, then add all notes below the key
21 (om::while (<= note 127) :do
22 (setq admissible-notes (cons note admissible-notes)); add %t to the list
23 (if (>= i (length scale)) (setq i 0))
24 (incf note (nth i scale)); mnote = mnote + scalel[i mod 6]
25 (incf i 1); 4i++
26 )
27 (setq note key) (setq i 1)
28 ; mote = note - scale[6-1 mod 6]
29 (decf note (nth (- (- (length scale) 1) 0) scale))
30 (om::while (>= note 0) :do
31 (setq admissible-notes (cons note admissible-notes)); add %t to the list
32 (if (>= i (length scale)) (setq i 0))
33 ; mote = note - scale[6-%1 mod 6]
34 (decf note (nth (- (- (length scale) 1) i) scale))
35 (incf i 1); di++
36 )
37 admissible-notes
38 ))
39 (defun get-scale (mode)
40 (cond
41 ((string-equal mode "ionian (major)") (list 2 2 1 2 2 2 1))
42 ((string-equal mode "dorian") (list 2 1 2 2 2 1 2))
43 ((string-equal mode "phrygian") (list 1 2 2 2 1 2 2))
44 ((string-equal mode "lydian") (list 2 2 2 1 2 2 1))
45 ((string-equal mode "mixolydian") (list 2 2 1 2 2 1 2))
46 ((string-equal mode "aeolian (mnatural minor)") (list 2 1 2 2 1 2 2))
47 ((string-equal mode "locrian") (list 1 2 2 1 2 2 2))
48 ((string-equal mode "harmonic minor") (list 2 1 2 2 1 3 1))
49 ((string-equal mode "pentatonic") (list 2 2 3 2 3))
50 ((string-equal mode "chromatic") (list 1 1 1 1 1 1 111 11 1))
51 ))

Figure 3.4: code for the in-tonality constraint

Fundamental form | First inversion | Second inversion
Major chords 4-3 3-5 5-4
Minor chords 3-4 4-5 5-3
Diminished chords 3-3 3-6 6-3

Figure 3.5: Intervals between notes from different types of chords in semitones

Type of the chord
Major chords
Minor chords

Diminished chords

Accepted notes
the fundamental, the third or the fifth
the fundamental, the third or the fifth
the third

Figure 3.6: Notes that can be played on top of a given chord based on its type
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19
20
21
22
23
24
25
26
27
28
29
30
31

; <sp> 7s the space,<notes> is the wvartable array on which the constraint <s executed
; <input-rhythm> is the woice object of the rhythm for the melody we want to find

; <chords> is the wvoice object of the chords
(defun note-on-chord (sp notes input-rhythm chords)

’

get the starting time of each of the notes of the melody and the chords

(let ((melody-starting-times (voice-onsets input-rhythm))
(chords-starting-times (voice-onsets chords))

))

(chord-counter 0);

(variable-counter 0)); counter to keep track of the note

(dolist (c chords-starting-times); go through the chords starting times

;9o through

the input-rhythm starting times

(dolist (m (subseq melody-starting-times variable-counter))

(cond

(<

(=

>

)

(setf chord-

m c) ; increment the counter for variables
(setf variable-counter (+ variable-counter 1))

m c) ; post the constraint on that specific wvariable

counter to know which chord we are currently looking at

(apply-constraint-noc sp notes variable-counter chord-counter chords

(setf variable-counter (+ variable-counter 1))
(return )

m c) ; break the loop and go to the next chord
(return )

counter (+ 1 chord-counter))

(defun apply-constraint-noc (sp notes variable-id chord-id input-chords)

(let ((chord-pitch (to-midi (om::1lmidic (nth chord-id (om::chords input-chords)))));

the wvalues of the notes of the chord
intervals mode inversion admissible-notes)
(sort chord-pitch #’<) ; sort the note walues in increasing order

; get the intervals in semitones between the different notes of the chord

(setf intervals

(list

(- (second chord-pitch) (first chord-pitch))

(- (third chord-pitch) (second chord-pitch))))
; get the mode of the chord from the intervals between the notes
(setf mode (first (get-mode-and-inversion intervals)))
; get the inversion of the chord

(setf inversion

(second (get-mode-and-inversion intervals)))

;get the notes playable on that chord
(setf admissible-notes (get-admissible-notes chord-pitch mode))

; post the constraint that the domain of that wariable 4is the admissible notes

(gil::g-dom sp (nth variable-id notes) admissible-notes)

; post the constraint that the interval between the note of the melody and the

highest note of the chord <s mazimum 1 octave

))

(gil::g-rel sp (nth variable-id notes) gil::IRT.LQ (+ (max (first chord-pitch)) 12))

Figure 3.7: Code for the note-on-chord constraint
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; <sp> is the space, <notes> ts a list of IntVars representing the pitch of the notes
; <tintervals> 4s a list of IntVars representing the intervals between successive notes from
the notes argument
(defun interval-between-adjacent-notes (sp notes intervals)
(let ((valid-intervals ’(-1 -4 -5 -7 -8 -9 -12 0 1 2 3 4 5 7 8 12)))
;restrain the interval domains to acceptable wvalues
(dolist (interval intervals)
(gil::g-dom sp interval valid-intervals)

)

Figure 3.8: Code for the interval-between-adjacent-notes constraint
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(b) Example breaking the harmonic interval chord constraint

Figure 3.9: Examples for the harmonic interval chord constraint

3.2.4 Interval between adjacent notes constraint

This constraint ensures that the interval between two consecutive notes respects the rule given in , more
precisely the interval can be everything up to a minor sixth, except a tritone, and can also be an octave.
This can be expressed mathematically using the MIDI representation:

dom(Interval) € {—1,—4,-5,-7,-8,-9,-12,0,1,2,3,4,5,7,8,12}
The Gecode constraint used is

dom (home, IntVar variable, IntSet domain);

Where home is the computation space, variable is the integer variable representing the note played on top of
the chord, and domain is the domain according to the rule stated above. Figure [3.8]shows the code for this
constraint.

3.2.5 Harmonic interval chord constraint

This constraint ensures that all the notes played in the harmonic context of a given chord have a maximum
interval of an octave. That is, the maximum interval between all the notes played for the duration of the
chord should not exceed an octave. Figure shows two examples: figure is a melody that satisfies the
constraint, while figure [3.:9b] shows a melody breaking the constraint.
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The constraint’s algorithm is the following: We iterate through the chord’s starting times, and for each
chord we iterate through the starting times of the notes from the melody, starting from where we left out
with the previous chord, until we reach a note that is played in the harmonic context of another chord or the
last note. Now that we have the set of notes belonging to the harmonic context of this chord, we can apply
the following constraint:

max(notes-set) — min(notes-set) <= 12

where notes-set is the set of notes in the chord’s harmonic context. To do so, the following Gecode constraints
are used :

max (home, IntVarArray variables, IntVar max-val);

min (home, IntVarArray variables, IntVar min-val);

linear (home, IntArgs coefficients, IntVarArray min-max, rel_type, int constant);
rel (home, IntVar var, rel_type, IntVar var);

=W N =

where home is the computation space, variables is the array of integer variables representing the pitch of the
notes in the harmonic context of the chord, var is an integer variable, rel_type is a relation type, max-val
and min-val are variables to store the maximum and minimum value of variables, coefficients is an array of
coefficients for the linear equation and min-max is a variable array with the variables max-val and min-val.
Figure [3.10 show the Lisp code for this constraint.

3.2.6 Range restriction constraint

This constraint ensures that the melody is always above the lowest note of the chords and below the highest
note of the chord plus two octaves. This corresponds to the following mathematical formula:

Vi € [0,n] min(chords) <= z[i] <= maz(chords) + 24

where x is the array of variables representing the pitch and chords is the array containing all the notes from
the chords. The Gecode constraint used is

1 rel (home, IntVar variable, rel-type, int number);

where home is the computation space, variable is an integer variable, rel-type is a relation type and number
is an integer. Figure [3.11] shows the code for this constraint.

3.2.7 Melody direction constraints

This section will cover a group of constraints that have similar purpose, that is giving a global direction
to the melody.

Strictly increasing/decreasing pitch and increasing/decreasing pitch constraint

These constraints ensure that the notes specified as an argument have strictly increasing/ strictly decreasing
values or increasing/decreasing values. That is, their pitch is going (strictly) up/down. The following
constraints are applied for strictly increasing pitch constraint, strictly decreasing pitch constraint, increasing
pitch constraint and decreasing pitch constraint respectively :

o <2l <. <Py -1

xo >l >0 > X0
o<zl <..< Z|g|—1
xo =l >0 2 X)g
The Gecode constraint used for these is
1 rel(home, IntVar variables, (IntRelType) rel_type);

where home is the computation space, variables is the array of variables representing the pitch of the notes,
and rel_type is the mathematical relation. The code for these constraints can be found in figure [3.12
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; <sp> is the space,<notes> is the wvartable array on which the constraint <s executed

; <input-rhythm> is the woice object of the rhythm for the melody we want to find
; <chords> is the wvoice object of the chords
(defun harmonic-interval-chord (sp notes input-rhythm chords)
; get the starting time of each of the mnotes of the melody
(let ((melody-starting-times (voice-onsets input-rhythm))
; get the starting time of each of the chords
(chords-starting-times (voice-onsets chords))
(chord-counter 0); counter to know which chord we are currently looking at
(variable-counter 0); counter to keep track of the note

; counter to keep track of which wvariable is the start of the melody over the given

chord

(local-starting-note-melody O0)

(starting-time-next-chord 0))

(dolist (c chords-starting-times); go through the chords starting times
(setf starting-time-next-chord (nth (+ 1 chord-counter)

chords-starting-times)); get the starting time of the mnext chord

; keep a track of the first mote in the context of this chord
(setf local-starting-note-melody variable-counter)
(cond

((>= (+ 1 variable-counter) (length melody-starting-times)); last note

(return )))
; go through all the notes that we haven’t seen yet
(dolist (m (subseq melody-starting-times variable-counter))
(cond
; last mnote
((= variable-counter (- (length melody-starting-times) 1))
(hic-constraint sp notes local-starting-note-melody
variable-counter))
((typep starting-time-next-chord ’null); last chord
; post the constraint on all rematining notes
(hic-constraint sp notes local-starting-note-melody
(- (length melody-starting-times) 1))
(return ))
; 1f the note %s in the context of this chord
((< m starting-time-next-chord)
(incf variable-counter 1))
; the mote is mot <n the context of this chord
((>= m starting-time-next-chord)
; post the constraint on the corresponding notes
(if (>= (- variable-counter 1) local-starting-note-melody)
(hic-constraint sp notes local-starting-note-melody
(- variable-counter 1)))
(return ))))
(setf chord-counter (+ 1 chord-counter)))))

; post the constraint that maz (pitch[starting-note],..., pitch[ending-note]) - min(pitch[

starting-note],..., pitch[ending-note]) <= 12 (an octave)
(defun hic-constraint (sp notes starting-note ending-note)
(let (notes-array max-min-array)

; create an array to represent all the notes played with that chord
(setf notes-array

(gil::add-int-var-array sp (+ (- ending-note starting-note) 1) 0 127))
; create a table where the first walue is the maz and the second is the min
(setf max-min-array (gil::add-int-var-array sp 2 0 127))
; for each element of mnote-array, make it equal to the note it represents
(loop :for j :from O :below (+ (- ending-note starting-note) 1) :do

; motes-array[j] = notes[j + starting-notes]

(gil::g-rel sp (nth j notes-array) gil::IRT_EQ

(nth (+ starting-note j) notes))
)
(gil::g-lmax sp (first max-min-array) notes-array),; maz-val = maz(notes-array)
(gil::g-1min sp (second max-min-array) notes-array); min-val = min(notes-array)
; maz(notes-array) - min(notes-array) <= 12)
(gil::g-linear sp ’(1 -1) max-min-array gil::IRT_LQ 12)
)
)

Figure 3.10: code for the melodic-interval-chord constraint
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;<sp> is the space,<notes> is the array of wvariables representing the pitch
;<input-chords> 7s the input chords in the form of a voice object
(defun range-restriction (sp notes input-chords)
; get the list of pitches for all the chords in the woice object
(let ((chords (om::chords input-chords))
vals min-note max-note)
; collect all the notes and put them in one big list
(setf vals
(to-midi (om::flat

O © 00U WN -

1 (loop :for n :from O :below (length chords) :by 1 collect (om::1lmidic
nth n chords)))
11 ))
12 )
13 (setf min-note (min-list vals)); get the lowest note
14 (setf max-note (max-list vals)),; get the highest note
15
16 (dolist (note notes);restrain the interval domains to acceptable values
17 (gil::g-rel sp note gil::IRT_GQ min-note) ; note >= min-note
18 ; mote <= maz-note + 2 octaves (24 semitones)
19 (gil::g-rel sp note gil::IRT_LQ (+ max-note 24))
20 )
21 ))
22
Figure 3.11: Code for the range-restriction constraint
1 ; <sp> is the space,<notes> is a list of IntVars representing the pitch of the notes
2 (defun strictly-increasing-pitch (sp notes)
3 (gil::g-rel sp notes gil::IRT_LE nil)
4 )
5
6 ; <sp> is the space,<notes> is a list of IntVars representing the pitch of the notes
7 (defun increasing-pitch (sp notes)
8 (gil::g-rel sp notes gil::IRT_LQ nil)
9 )
10
11 ; <sp> is the space,<notes> is a list of IntVars representing the pitch of the notes
12 (defun strictly-decreasing-pitch (sp notes)
13 (gil::g-rel sp notes gil::IRT_GR nil)
14 )
15
16 ; <sp> is the space,<notes> is a list of IntVars representing the pitch of the notes
17 (defun decreasing-pitch (sp notes)
18 (gil::g-rel sp notes gil::IRT_GQ nil)
19 )
20

Figure 3.12: Code for the melody direction constraints
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Figure 3.13: Example of the use of the mostly increasing pitch constraint
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Mostly increasing/decreasing pitch constraint

These constraints give a general direction for the pitch (up/down) while still allowing some intervals to
go in the opposite direction. They can be used on short melodies to make them go up or down, or they
can be used on larger melodies to give them a general direction (see figure . It works by enforcing
that the overall interval of the melody is at least what is given as an argument, and by enforcing that at
least eighty percent of the intervals are positive/negative depending on the constraint. It can be expressed
mathematically as follows :

Z intervals[i] = global interval
i=0

#{i € [0,n] |intervals[i] > 0} > 0.8 x n
#{i € [0,n] |intervals[i] < 0} > 0.8 x n

For the mostly increasing pitch and the mostly decreasing pitch constraints respectively. The Gecode con-
straints used are :

rel (home, IntVar sum, rel-type, expr(home, sum(IntVarArray vars)));
rel (home, IntVar sum, (IntRelType) rel_type, int global-interval);
count (home, IntVarArray vars, IntSet set, rel-type, int val);

where home is the computation space, sum is the variable that takes the value of the sum of all the elements
of vars, global-interval is the global interval of the melody as specified, vars is the array of intervals, set is
the set of values representing positive/negative intervals, and val is the number of variables in vars that must
take a value within set. Figure shows the code for those two constraints.

3.2.8 All different notes constraint
This constraint ensures that all the notes of the melody are different. That is,
Vi, j € [0, ][] sti # j xli] # x[j]
This is enforced using the following Gecode constraint:

distinct (home, IntVarArray x);

where home is the computation space and x is the array of variables. Figure [3.15] shows the code for this
constraint.

3.2.9 At least n constraint

This constraint ensures that given an array of variables and an array of integers, at least m of those
variables will take the value in the integer array corresponding to their index in the array. That is,

#{i e [0,n]]|z[i] =c[i]} >m

where x is the array of variables, ¢ is the array of integers and n is the length of these arrays. The Gecode
constraint used is

count (home, IntVarArray vars, IntArgs c,rel_type, int val);

where home is the computation space, vars is the array of variables, c is the array of integers, rel-type is a
relation type and val is an integer. Figure shows the code for this constraint.

3.3 Branching

This section will discuss the different strategies for variable and value selection that are used for the
different CSPs. The variable and value selection strategies differ for both CSPs, so they will be discussed
separately. Branching is performed on both the pitch variable array and the intervals variable array since
constraints are relatively spread out on the two arrays to increase performance.
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<sp> is the space,<notes> is a list of IntVars representing the pitch of the mnotes
<intervals> is a list if IntVars representing the intervals between consecutive notes
<global-interval > ¢s the global <interval that the melody spans

(defun mostly-increasing-pitch (sp notes intervals global-interval)

(let (sum interval-domain-greater-than-zero)

127)

; wvariable to hold the result of the sum of all intervals (cant’ be bigger than

(setq sum (gil::add-int-var sp -127 127))
(setq interval-domain-greater-than-zero
(loop :for n :from 1 :below 12 :by 1 collect n)); [1..12]

(gil::g-sum sp sum intervals); sum = sum(intervals)

; sum >= global-interval

(gil::g-rel sp sum gil::IRT_GQ (parse-integer global-interval))

; (nb of intervals > 0) >= 0.8*stize(intervals)

(gil::g-count sp intervals interval-domain-greater-than-zero gil::IRT_GQ
(ceiling (* 80 (length intervals)) 100))

<sp> is the space,<notes> is a list of IntVars representing the pitch of the notes
<interwvals> is a list if IntVars representing the intervals between consecutive notes
<global-interval > <s the global interval that the melody spans

23 (defun mostly-decreasing-pitch (sp notes intervals global-interval)

(let (sum interval-domain-smaller-than-zero)

; variable to hold the result of the sum of the intervals
(setq sum (gil::add-int-var sp (- (x 127 (length intervals))) -1))
(setq interval-domain-smaller-than-zero

(loop :for mn :from 1 :to 13 :by 1 collect (- n))); [-12...-1]

(gil::g-sum sp sum intervals); sum = sum(intervals)

; sum <= global-interval

(gil::g-rel sp sum gil::IRT_LQ (- (parse-integer global-interval)))

; (nb of intervals < 0) >= 0.8*size(intervals)

(gil::g-count sp intervals interval-domain-smaller-than-zero gil::IRT_GQ
(ceiling (* 80 (length intervals)) 100))

Figure 3.14: Code for the mostly increasing pitch and mostly decreasing pitch constraints

<sp> is the space,<notes> is a list of IntVars representing the pitch of the notes
(defun all-different-notes (sp notes)

(gil::g-distinct sp notes)

(gil

Figure 3.15: Code for the all different notes constraint

;<sp> is the space,<notes> is the array of wariables representing the pitch
;<values> is the array of wvalues

;<n> 4s the number of wvariables such that notes[i] = wvalues[i]

(defun at-least-n (sp notes values n)

::g-count-array sp notes values gil::IRT_EQ n)

Figure 3.16: Code for the at least n constraint
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3.3.1 Random number generators

The results need to be reproducible for many reasons, including if a composer deletes a solution by accident
and they want to find it again. This poses a problem with the random heuristics that are explained below.
The way to ensure that results are reproducible while still being able to use a random approach is to use
random number generators. They are Gecode objects that take an unsigned integer seed, and using the same
seed will generate the same numbers, hence the same “randomness”. Currently, the seed cannot be changed
and the random number generation happens in GiL.

3.3.2 Variable selection heuristic

Melody-finder CSP The branching for pitch and intervals is based on a first fail approach. The variable
selection heuristic for the pitch variable array will be based on the degree of the variables, since some variables
are involved in more constraints than others (typically the notes played on top of a chord). For the intervals
variable array however, all variables have the same degree and using the same heuristic would not be of any
use. The chosen heuristic will then be based on the domain of the variables, since some intervals will be more
restrained due to the domain of the corresponding pitch variables.

The variable selection heuristic for the pitch variable array is to choose the variable with the biggest degree
first. In the event of a tie, the first variable with that degree will be selected first. This heuristic is expressed
in Gecode as

INT_VAR_DEGREE_MAX () ;

For the intervals variable array, the variable selection heuristic will be to choose the variable with the smallest
current domain. This is expressed in Gecode as

INT_VAR_SIZE_MINQ);

Variator CSP Since the goal of this CSP is to have variations of an existing solution, variables will be
selected at random to ensure that all notes are equally likely to be modified. This is not optimal in terms of
time complexity, but solutions are usually still found within a second. This heuristic is expressed in Gecode
as

INT_VAR_RND(r); // 7 4is a random number generator

3.3.3 Value selection heuristic

In order to improve the efficiency of the solver, the value selection heuristics differ for the two CSPs but
also depending on the optional constraints that are selected.

Melody-finder CSP The value selection heuristic for the pitch variable array is to choose randomly the
next value to assign, to guarantee a certain variety amongst the different notes. The random value is chosen
with a seed, so running the CSP twice with the same input will produce solutions in the same order. When
it comes to the value selection heuristic for the intervals variable array, there are different cases :

e Default behaviour : if no optional constraints are selected, the value selection heuristic is to select a
random value to increase the diversity of the solutions.

e the increasing or strictly increasing constraints are selected: In this case, the intervals are always
positive and choosing smaller intervals first is more likely to produce a solution than choosing big
intervals, considering that the pitch is limited in height. The smallest possible value will be chosen
first.

e the decreasing or strictly decreasing constraints are selected: Similarly, all intervals will be negative
and therefore choosing the biggest intervals first (i.e the ones that are closer to 0) is more likely to find
a solution quickly.

e the mostly increasing constraint is selected: in this case, most intervals will be positive even though
some will might be negative. The selected strategy is to split the domain in half according to the mean
of the minimum and maximum values of the domain, and to select the upper half.
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e the mostly decreasing constraint is selected: similarly, most intervals will be negative and the selected
strategy is to branch on the lower half of the domain first.

The corresponding Gecode strategies are listed below.

INT_VAL_RND(r); // default behaviour

INT_VAL_MINQ); // for the increasing or strictly increasing constraints
INT_VAL_MAX(): // for the decreasing or strictly decreasing constraints

// select wvalues greater than the minimum of the smallest and largest wvalues
INT_VAL_SPLIT_MAX(); // for the mostly increasing constraint

// select wvalues smaller than the minimum of the smallest and largest wvalues
INT_VAL_SPLIT_MIN(); // for the mostly decreasing constraint

These value selection heuristics, coupled to the variable heuristics described above, ensure that a solution
is often found within a couple of seconds, though it is usually much faster than this. It can happen however
that the solver doesn’t find a solution in an appropriate amount of time in the case of the use of the mostly
increasing/decreasing constraints with a large number of variables.

Variator CSP Since the purpose of this CSP is to provide variations of a given solution, it makes sense

that the branching heuristic for value selection is random. Again, this is not ideal in terms of time complexity,
but results are still found relatively quickly.
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Chapter 4

Searching for a solution

Now that we have a model, the next step is to find solutions to the problem. In our case, a solution is a list
of values for the pitch array that are in the domain of the variables and that satisfy all the constraints stated
in the model. There are a lot of candidate solutions, typically []_, |pitch[i]|, and going through each of
them one by one without a strategy would not be efficient. The branching heuristics described in the model
will help guide the search towards a solution, but the search can still be improved and this section covers
how we can do that. This chapter will first discuss how we will search for solutions, and will then discuss
how to make the search faster and the solutions more diverse. It will then talk about how and why we should
separate the search from the tool.

4.1 How to search?

4.1.1 Searching algorithm

The first question that comes to mind is what algorithm will we use for the search? Gecode offers three
possibilities :

e Depth-first search (DFS) : The solver assigns a value to a variable according to the branching heuristics,
and keeps doing that until it finds a solution or it finds that there is no solution possible with the values
already assigned. In that case, it goes back to the last assigned value and changes it, and repeats the
same steps.

e Branch-and-bound search (BAB) : When a solution is found, an additional constraint is posted on the
future solutions based on the last found solution. This is typically used to find a better solution than
the previous one.

e Limited-discrepancy search (LDS) : the discrepancy is the number of times that a choice has been made
that was not the choice suggested by the search heuristics. Limited discrepancy search is searching for
solutions by starting with a discrepancy of zero and incrementing it by 1 everytime it has searched
every path with the previous discrepancy.

Using depth-first search, consecutive solutions will be very similar because of the nature of the search,
regardless of the variable/value heuristics, even if some heuristics might have slightly more variability than
others. This isn’t ideal as the tool must offer a variety of solutions to the composer to increase their creativity
and give them different ideas, and there are typically a lot of solutions that only differ by one or two notes
which would make the tool less efficient and unpleasant to use. However, depth-first search guarantees that
all the solutions will be presented to the user if they take the time to go through all of them.

The same problem appears with limited discrepancy search, even though the variety is slightly higher after
some time, and it also guarantees that all the solutions will be presented to the user.

With branch-and-bound search, the variety can be better depending on the constraint posted after each
solution. However, it requires to post an additional constraint after each solution, or more than one if the
solutions are not comparable (one solution is not better than the other) and posting said constraint will
reduce the amount of solutions to the problem, meaning that some solutions to the original problem will
disappear every time the branch-and-bound constraint is posted.
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4.1.2 Improving the variety amongst the solutions

To increase the variety of consecutive solutions, three different methods will be examined : the first one
consists of searching for all of the solutions and then shuffling them. For this approach, depth-first-search
could be used since it will find all the solutions to the problem, and an efficient shuffling algorithm could
be used. This option is great for consecutive solution variety but has two big drawbacks : space and time
complexity. Indeed, the bigger the problem the more memory space it will need to store all the solutions,
and the more time it will take to find and sort them all. However this guarantees that all the solutions are
visible to the user if they take the time to go through all of them.

The second method is to use a branch-and-bound search-engine and to post a constraint after each solution.
This guarantees a good variety in the solutions provided that the constraint is appropriate, and has the
advantage of not needing a lot of memory to store all the solutions. The user can also request one solution at
a time, which considerably reduces the time they have to wait for a first solution. However, the drawback is
that this method discards solutions that might have been interesting to the user because they are too similar
according to the constraint.

The third method we will examine is to use a large-neighbourhood-search approach with a depth-first-search
search-engine. If used with depth-first-search, it can help making consecutive solutions more different but it
doesn’t guarantee that it will always be the case, and it requires a way to tell if one solution is “better” or
not than another, which is complicated as the quality of a solution is subjective in this case. This method
would result in a better time and space complexity than the previous depth-first-search approach, however
the advantage of finding all of the solutions disappears.

4.1.3 Improving the speed of the search

To increase the speed of the search, multiple threads will be used to allow the search engine to use parallel
search. This will allow for a more diverse exploration of the search tree, which increases the odds of finding
a solution faster. It also slightly increases the variety of consecutive solutions, though the contribution is
minor.

4.2 Imposing variety between solutions

The branch-and-bound approach will first be considered, as it doesn’t require a way of ranking solutions
from better to worse, and it can guarantee good diversity in consecutive solutions if the constraint is appro-
priate.

4.2.1 How to compare two solutions

For branch-and-bound search to work, it needs a constraint that can ensure that two solutions are different
enough. We can either post a constraint on solutions as a whole, which has a time complexity of O(1), or we
can post a constraint per variable which has a time complexity of O(n) where n is the number of variables,
independently of the constraint that is being applied. The method of comparing solutions as a whole will be
preferred since it has better time complexity and it is more practical.

4.2.2 The constraint

We must now come up with a way of imposing that two solutions are different enough according to a
criteria, which must also be defined. The similitude between two solutions will be defined as the number of
variables that take the same value in both solutions. An upper bound can be set, that is proportional to the
total number of variables, and a constraint can then ensure that the number of variables that take the same
value in both solutions is lower than that upper bound.

4.2.3 Implementation

We will define a constraint called solutionVariety that will take as arguments the array of variables, an
integer array with the values of the variables for the previous solution, and an integer representing the
maximum number of variables that may take the same value as in the previous solution. The code for said
constraint can be found in figure
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void solutionVariety(vector<int> prev_sol, int min_variety){
// create a wariable with domain between O and nVariables -1
IntVar z(*this, 0, n-1);
// cast from vector to IntArgs
IntArgs p_sol(prev_sol);
// count the number of elements such that pitch[i] = prev_sol[i]
// and put it in z (pitch is the array of wariables,
//%it is an attribute of the class of the problem)
count (*this, pitch, p_sol, IRT_EQ, z);
// constrain z to be smaller than or equal to the number
//of elements that are allowed to be similar (n - wvariety)
rel(xthis, z, IRT_LQ, n-min_variety);

Figure 4.1: code for the solutionVariety constraint, that is applied every time a new solution is found

The constraint does the following: first, it creates a variable z € {0, ..., nyariabies — 1}. Then, it enforces the
following :

z=#{i €{0,..., || — 1}x; = ¢}
z <= Nyariables — U

where x is the array of variables, c is the array of integer values for the previous solution and v is the minimum
number of variables that must take a different value.

4.2.4 Limitation

As of now, this feature is not available in the Melodizer tool. This is due to a problem using branch-
and-bound search in GiL. The branch-and-bound solver only seems to work when the function defining the
constraints to post when a solution is found does nothing. This might be related to how variables are handled
in GiL. The search engine used for Melodizer is a depth-first search engine.

4.3 Separating the search from the rest of the tool

4.3.1 Why we should separate the search from the rest

The search aspect of the problem shouldn’t be a blocking event, meaning that it shouldn’t block the
interface when the solver is searching for a solution. Additionally, the user should be able to stop the search
if it is taking too long or if they want to perform an action, like changing the input and starting over for
example. To solve both of these issues, the function to find the next solution will be called in its own
separate thread, so that it can work in the background without affecting the rest of the tool. The tool can
then periodically check if the user wants to stop the search, and react accordingly.

4.3.2 How it works in practice

Thread creation The thread creation is done in Lisp using the mp::process-run-function function. The
function to call in a separate thread is passed as an argument to this function, and the function returns
immediately an object of type mp::process, allowing to get access to the thread (i.e see its state,...). Figure
[£:2] shows the code creating a thread and calling the function to find the next solution inside of the thread.
Since the solution field of the melodizer object is only modified there, there is no need to use a lock.

Stopping the search In Gecode, the search can be stopped after a given time with the use of TimeStop
objects. They can be passed to the search engine through Options object, and the search-engine will then
check if the time limit given by the TimeStop object is exceeded or not. If it is, it will stop the search and
return a null solution. The next function of the tool can then check if the user wishes to stop the search
through a boolean set to true by the pressing of a button, and react accordingly: if the user didn’t press the
button, it will simply reset the timer and resume the search, but if the user wants to stop the search it will
throw an error stating that the search has been stopped. The search can then be resumed by the pressing of
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1
2
3
4
5
6
7

;get the next solution
(mp:process-run-function ; start a new thread for the ezecution of the next method
"next thread" ; mname of the thread, not necessary but useful for debugging
nil ; process initialization keywords, not needed here
(lambda () ; function to call
(setf (solution (om::object editor)) (search-next (result (om::object editor))
(om::tree (input-rhythm (om::object editor))) (om::object editor)))
(setf (om::tempo (solution (om::object editor)))
(om::tempo (input-rhythm (om::object editor)))); tempo = tempo (input)
(om::openeditorframe ; open a voice window displaying the solution
(om:: omNG-make-new-instance
(solution (om::object editor)); the new solution
"current solution" ; name of the window
)
)
)
; arguments for the function call <f mecessary
)

Figure 4.2: Code creating a thread and calling the function the get the next solution of the problem
Simple_problem* m = new Simple_problem();// create an instance of a problem
Gecode::Search::0Options opts; // create an options object
opts.threads = 0;// use as many threads as possible
Gecode::Search::TimeStop maxTime (1000); // create a time stop object, maztime = 1000ms
opts.stop = &maxTime;

BAB<Simple_problem> e(m, opts); // create the search engines with the defined options

Figure 4.3: Example of setting a time limit to the search in Gecode

the next button. Figure [£.3]shows the code creating a BAB search engine and setting its number of threads
and a time limit for the search in Gecode.

4.4 Example of a full musical CSP

Now that we have a model of the problem and a strategy to search for solutions, we can create a complete
musical CSP in Lisp using GiL and find solutions for it. Figure shows the code for a simplified version
of the melody-finder CSP of Melodizer, and figure shows the code for the function that is searching for a
solution. The constraints used are the following :

o Vi € [0,n[intervals[i] = pitch[i + 1] — pitchli]

o Vi € [0,n] min(chords) <= z[i| <= max(chords) + 24

e dom(intervals) € {—1,—-4,-5,-7,-8,-9,-12,0,1,2,3,4,5,7,8,12}
o dom(X) = Nionality

And the different steps are highlighted in blue.
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; <input> i1s a wotice object with the chords on top of which the melody will be played
; <rhythm> the rhythm of the melody to be found in the form of a woice object

; <optiomal-constraints> is a list of optional constraint names

; <global interval> is the global interval that the melody should cover

<key> is the key in which the melody %s,<mode> is the mode of the tonality
(defmethod melody-finder (input rhythm optional-constraints &optional
(global-interval nil) (key 60.0) (mode "major"))

(let ((sp (gil::new-space)); create the space;

0O Utk WN

9 pitch intervals dfs tstop sopts)

10

11 ;initialize the variables

12 (setq pitch (gil::add-int-var-array sp (om::n-pulses rhythm) 0 127))
13 (setq intervals (gil::add-int-var-array sp (- (length pitch) 1) -127 127))
14

15 ; connect pitches to intervals

16 (loop :for j :from O :below (length intervals) :do ;for each interval
17 (let (temp)

18 (setq temp (gil::add-int-var-array sp 3 -12 108))

19 ; temp[0] = pitch[j]

20 (gil::g-rel sp (first temp) gil::IRT_EQ (nth j pitch))

21 ; temp[1] = pitch[j+1]

22 (gil::g-rel sp (second temp) gil::IRT_EQ (nth (+ j 1) pitch))
23 ; temp[2] = intervals/[j]

24 (gil::g-rel sp (third temp) gil::IRT_EQ (nth j intervals))

25 ; —pitchl[j] + pitch[j+1] - intervals[j] = 0

26 (gil::g-linear sp ’(-1 1 -1) temp gil::IRT_EQ O0)

27 )

28 )

29

30 ; post the constraints

31 (range-restriction sp pitch input)

32 (interval-between-adjacent-notes sp pitch intervals)

33 (in-tonality sp pitch key mode)

34

35 ; branching

36 (gil::g-branch sp pitch gil::INT_VAR_DEGREE_MAX gil::INT_VAL_RND)

37 (gil::g-branch sp intervals gil::INT_VAR_SIZE_MIN gil::INT_VAL_RND)
38

39 ;time stop

40 (setq tstop (gil::t-stop)); create the time stop object

41 (gil::time-stop-init tstop 500); initialize it (time is ezpressed in ms)
42 ;create search options

43 (setq sopts (gil::search-opts)); create the search options object

44 (gil::init-search-opts sopts); inttialize it

45 ; set the number of threads to be used during the search

46 (gil::set-n-threads sopts 1)

47 (gil::set-time-stop sopts tstop),; set the timestop object to stop the search
48 ; create the search engine

49 (setq se (gil::search-engine sp (gil::opts sopts) gil::DFS))

50 ; return the search engine, varibale arrays and search options

51 (list se pitch tstop sopts intervals)

52 )

53 )

54

Figure 4.4: Code for a simplified version of the melody-finder CSP
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48

; <l> 4is a the output of a CSP

; <rhythm> is the input rThythm as given by the user

; <melodizer-object> is a melodizer object

; this function finds the next solution of the CSP using the search engine given as an

argument

(defmethod search-next (1 rhythm melodizer-object)

; get the elements of the list
(let ((se (first 1))
(pitch* (second 1))
(tstop (third 1))
(sopts (fourth 1))
(intervals (fifth 1))
(check t); for the while loop
sol pitches)

; search until interrupted or no solution
(om::while check :do

;reset the timer before launching the search

(gil::time-stop-reset tstop)
(setq sol (gil::search-next se));
(if (null sol)

search the nexzt solution

(stopped-or-ended (gil::stopped se) (stop-search melodizer-object)

tstop)

(setf check nil); we have found a solution so break the loop

)

; store the values of the solution

(setq pitches (to-midicent (gil::g-values sol pitchx*)))

;return a voice object that is the solution we just found

(make-instance ’voice
:tree rhythm
:chords pitches
:tempo 60

)

; determines if the search has been stopped by the solver because there are no more
;solutions or tf the user has stopped the search

(defun stopped-or-ended (stopped-se stop-user

tstop)

; if the search has not been stopped by the TimeStop object, there are no more solutions

(if (= stopped-se 0)
(error "There are no more solutions."

)

)

;otherwise, check if the user wants to keep searching or not

(if stop-user
(error "The search has been stopped.

)

Press next to continue the search.")

Figure 4.5: Code for the search for a solution
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Chapter 5

Design and implementation of
Melodizer

This chapter will cover the details of the design and implementation of the melodizer object in OpenMusic.
It will discuss the representation of musical elements that Melodizer will work with, and will give a quick
reminder on voice objects and how they can be edited. It will then talk about the design of the melodizer
object, and discuss the editor window in detail. Finally, it will detail the implementation.

5.1 Representation of the musical elements

Two representations were considered for the musical elements: using Chord-Seq objects or Voice/Poly
objects.

e Chord-Seq objects have a time-based approach to representing duration and rhythm. This makes it
easy to access the starting time and duration of musical events, which is more practical for writing
constraints on rhythm. However the visual representation is not easy to read. Notes are represented as
quarter notes on a staff, and their duration is expressed as the distance between the note and the next
note.

e Voice and Poly objects have a proportion-based approach, expressing duration as a fraction of a whole
note and rhythm trees to represent rhythm. The visual representation is like the classical way of writing
music, on a staff and with the shape of the note determining its duration.

Since the visual representation of Voice/Poly objects is easier for the composer to use, these objects will be
used to represent musical elements in Melodizer even though it makes writing constraints involving rhythm
more tedious to write. Figure shows a simple melody represented using a Chord-Seq object (figure
and a Voice object (figure

f . ,
4 ree e
.) T T 1
(a) Simple melody represented with a Chord-Seq object
J-i0s s s
I 9 % T | !_! ’ql ] Fi i Fi >
x | | 1 [
D) || !

(b) Simple melody represented with a Voice object

Figure 5.1: Comparison of the melody from “West Coast” by Imagine Dragons [7] represented with a Chord-
Seq object and with a Voice object
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Figure 5.2: A voice object editor

Reminder on Voice objects

Since Voice objects are an important part of Melodizer, in particular the editor interface of these objects,
a reminder is welcome in order to fully understand the implementation of the tool.
Voice objects represent a musical voice on a staff, with a tempo, a time signature, a rhythm and a pitch. The
main attributes are tree, the rhythm-tree of of the voice, chords, the list of pitches for the notes, and tempo,
the tempo of the voice. Each of these attributes can be set by connecting a data box to the appropriate inlet
of the voice object, or they can be edited from the editor window of the object by adding notes, changing
their duration,... The editor window of a Voice object is depicted in figure Modifications to the voice
can be done using the editor, the main ones are listed below :

The pitch of a note can be adjusted by selecting it using the note tool (1) or the chord tool (2) and
dragging it up/down or using the arrow keys of the keyboard.

Measures : Measures can be added by clicking on the measure tool (3) and then clicking while pressing
the “Cmd” key down where the new measure needs to be, or deleted by selecting it and pressing the
“backspace” key.

A rest can be transformed into a note and vice versa by selecting it using the chord tool and pressing
the “esc” key.

An event can be split into a group of smaller events of equal value by selecting it using the chord tool
and entering a number representing the number of smaller events that need to replace this event.

Notes can be added to a chord by selecting it using the note tool or the chord tool and pressing the
“cmd” key.

A voice or measure can be transposed by selecting it using the voice tool (4) or the measure tool
respectively, and using the arrow keys.

Poly objects have a similar editor interface, the main difference being that there can be multiple voices.
All the manipulations stated above are also valid for these objects.

34



5.3 Melodizer object design

The end tool is an OpenMusic object with an interface allowing to dynamically change input and parameters
to model a variety of musical problems. Its attributes belong to one of three categories. Each of them will be
discussed separately. The code for the tool can be found in appendix [C] There is one inlet and one outlet for
each attribute of the melodizer object, and their name appears when trying to connect something to them.
Inlets allow to give input to the object, while outlets allow to take output from the object.

5.3.1 Input attributes

The first category of attributes is the input attributes. They can be set by the user, either through the
editor window or by connecting data boxes to the inlets of the object, and allow to specify the problem
precisely.

e input-chords is the voice object containing the chord sequence containing the chords that the melody
will harmonize with.

e input-rhythm is the voice object containing the rhythm of the melody that the user wishes to find,
or the voice object containing the melody that the user wants to vary.

e key is the key of the tonality that the user has chosen for the melody. It has a default value of C.

e mode is the mode of the tonality that the user has chosen for the melody. It has a default value of
“major”.

e tool-mode is the mode the tool is currently in. It has a default value of “melody-finder”.
e variety is the solution variety desired by the user, expressed in musical events. It has a default value

of 0.

5.3.2 Inner workings attributes

The second category of attributes is the attributes that allow to transfer data to different parts of the
melodizer objects (e.g. from the interface to the CSP). They are not accessible to the user and are there for
functionality.

e optional-constraints is a list of strings representing optional constraints that have been selected by
the user and that should be added to the CSP for the search. It has a default value of an empty list.

e global-interval is the interval that the melody should cross if a pitch orientation constraint is selected.
It is expressed in absolute value and has a default value of 1.

e result is a temporary holder for the return value of the CSP. It is a list containing the search-engine,
the decision variable arrays, and the options objects.

e stop-search is a boolean to know if the user wishes to stop the search or not. It has a default value
of nil and a value of t means that the user wants to stop the search.

5.3.3 Output attributes

The last category of attributes is the output attributes. They are the result of the search for a melody, and
allow to use the results outside of the Melodizer tool in OpenMusic, for example to integrate in a musical
piece. They can be accessed through the corresponding outlet of the melodizer object.

e solution holds the last proposed solution of the CSP.
e solutions-list is the list of all the solutions saved by the user for the current search.

e motifs-list holds the list of motifs saved by the user.

phrases-list holds the list of phrases saved by the user.
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Figure 5.3: Editor window of the melodizer object

e periods-list holds the list of periods saved by the user.

e output-solution holds the selected solution for the current search in the pop-up menu.
e output-motif holds the selected motif for the current search.

e output-phrase holds the selected phrase for the current search.

e output-period holds the selected period for the current search.

e melody holds the melody constructed by the user using the solution-assembly panel.

5.4 Melodizer object editor

The editor window of the melodizer object is the most important part of the tool because it is the inter-
face between the user and the CSP. It allows the user to interact with the problem by specifying optional
constraints and with solutions to make them fit their needs. It is composed of four main components, that
will be described individually. Figure 5.3 shows the interface of the melodizer object.

5.4.1 Input panel

The first panel that matters when using melodizer to generate melodies is the input panel (1) that allows
the user to set the different parameters of the problem. This section covers the different elements that can
be found in that panel.

Tool mode selection The first element we see is the tool mode selection pop-up menu (2). It allows the
user to set the mode of the tool according to the use they want to make out of it. Currently, there are two
modes : melody-finder, that allows the user to generate melodies based on input chords and a rhythm, or
the variation-maker mode that allows to generate alternative melodies based on a given melody. Selecting a
mode will modify the tool-mode attribute of the object to match the selection.
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Tonality selection The two elements below that (3 and 4) allow the user to specify a tonality for the
melody that they are looking for. Selecting a value will update the corresponding field of the melodizer
object (key/mode).

Input edition The two elements to the right of the tonality selection (5 and 6) open the editor window for
the input voice objects for the rhythm/melody and the chord sequence. Any modification is automatically
saved since the object itself is edited.

Solution variety selection The slider in the middle of the panel (7) allows the user to set a proportion
of musical events that must be different in every solution. A value of 0 means that two solutions can be
identical. Selecting a value updates the variety field of the melodizer object. Currently, this feature is not
fully supported, but the slider is there for future use.

Reset button The button at the bottom of the panel (8) allows to reset the voice objects for the rhyth-
m/melody and the chords to start with a new blank voice object. Pressing the button will erase the input-
chords and input-rhythm fields and replace their value with a new voice object.

5.4.2 Additional constraints panel

The panel at the bottom of the editor (9) is the additional constraints panel. It allows the user to specify
additional constraints that they want to add to the problem. Depending on what they are looking for, there
is a set of constraints available. Currently, there are no additional constraints for the variation-maker mode.
Checking a box (10) adds the name of the corresponding constraint to the optional-constraints field of the
melodizer object, and unchecking it removes it from the list. The mostly increasing/decreasing constraints
(11) require to provide additional data, by selecting a minimum interval that the melody should cover.
Selecting a value will update the global-interval field of the melodizer object. For now, constraints are not
mutually exclusive meaning that it is possible to select different pitch orientation constraints even though
they are not compatible (e.g strictly increasing and decreasing). Selecting several of them is likely to result
in a problem with no solutions.

5.4.3 Search panel

The panel in the center of the top half of the editor window (12) is the search panel. It allows the user to
control the search for a solution of the CSP with the parameters specified.

Start button The button on the left most side of the panel (13) is the start button. It allows the user to
create the CSP by calling the melody-finder function or the variator function (see section , depending
on the current mode of the tool. After pressing the button, any changes to the input panel or the additional
constraints panel are not taken into account until the search is restarted by pressing the start button. Pressing
the start button resets the solution and solutions-list attributes of the object as well as the stop-search field
and updates the solution-display menu. It then stores the result of the function call in the result field of the
object.

Next button The button to the right of the start button (14) allows the user to search for a solution.
If the CSP has not been created, i.e the result field is nil, it raises an exception. Otherwise, it resets the
stop-search field and creates a separate thread to call the search-next function (see section as well). It
then sets the solution field to the return value of the search-next function, and opens the editor window of
the solution field to show the solution to the user. The user can modify the solution in the editor and any
changes are saved.

Stop button The button to the right of the next button (15) allows the user to stop the search if it is
taking too long. When it is pressed, the stop-search field of the melodizer object is set to t and the next
time the search will be stopped by the options (max. 500ms after the pressing of the button), it will stop
and raise an exception saying that the search has been stopped.
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See solution button The button below the start button (16) allows the user to reopen the solution field
editor window. It can still be modified and any changes are automatically saved. If there is no current
solution, an exception is raised.

Keep solution button The button to the right of the see solution button (17) allows the user to save the
current solution to the list of solutions for the current CSP. If there is no current solution, an exception is
raised. Otherwise, the current solution is added to the solutions-list field of the melodizer object and the
corresponding pop-up menu (18) is updated.

Solution list display The element under the see solution button (18) allows the user to see the list of
solutions they saved. Selecting a solution will set the output-solution field of the object to the selected voice
object, and open the editor window of the selected element, not the output-solution field. Any changes are
saved.

See with chords button The button to the right of the solution list display (19) allows the user to see
the solution together with the input chords. If there is no selected solution, i.e the output-solution field is
nil, it raises an error. Otherwise, it creates a Poly object with the output-solution and the input-chords fields
and opens its editor window. Any changes made at this stage are not saved to the output-solution window
as it is a temporary object.

Add to motifs button The button on the bottom right of the panel (20) allows the user to save the
selected solution (output-solution field) to the list of motifs (see Solution assembly panel). As always, if the
output-solution field is nil, it raises an error. Otherwise, it creates a poly object with the output-solution
and input-chords fields, and adds it to the motifs-list field. It then opens its editor window. Any changes are
saved since the poly object here is not a temporary object.

Add to phrases/periods buttons These buttons (21 and 22) have the same behaviour as the add to
motifs button, except that they add the solution to the phrases-list/periods-list fields respectively.

5.4.4 Solution assembly panel

The panel on the right of the window (23) allows the user to combine different motifs, phrases and periods
that they have generated to write more complex pieces of music.

Motifs/Phrases/Periods list display The pop-up menus (24, 25 and 26) display the list of motif-
s/phrases/periods that have been saved by the user. Selecting one of them will set the output-motif/output-
phrase/output-period field to the selected poly object, and open its editor window. Any changes are saved
automatically.

Reset buttons The buttons to the right of the pop-up menus (27, 28 and 29) allow the user to erase the list
of saved motifs/phrases/periods. Clicking on it will reset the output-motif/output-phrases/output-periods
and motifs-list/phrases-list /periods-list fields of the object, and update the corresponding pop-up menu.

Show melody button The button below the list of motifs, phrases and periods (30) allows the user to
see the melody that they are currently creating by assembling the different elements they created. If there
is no melody, it throws an error. Otherwise, it opens the editor window of the melody field of the melodizer
object. It can be edited like every other Poly object, and changes are automatically saved.

Reset melody button The button on the bottom of the panel (31) allows to erase the melody that the
user was creating, e.g. when it has been saved to start a new one. When it is pressed, it sets the melody
field to nil.

Add before/after current melody buttons The buttons below the pop-up menus showing the list of
elements saved by the user (32 to 37) allow to add the selected element before/after the current melody,
respectively. When they are pressed, if there is no melody (the melody field is nil) it throws an error.
Otherwise, it calls the concat function from OpenMusic to append the melody and the element together.
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Figure 5.4: Relationship between the different files

Save as phrase/period buttons The last two elements that need to be discussed are the buttons un-
derneath the show melody button (38 and 39). They allow to save the melody constructed by the user as a
phrase or period respectively. When they are pressed, they check wether the melody is nil or not. If it is, it
throws an exception, otherwise it adds the melody field to the phrases-list or the periods-list field respectively.

5.5 Melodizer object implementation

The code for Melodizer is spread into 4 different files to keep the main features separated. Figure[5.4]shows
how these 4 files are interconnected. An arrow from 1 file to another means that functions from the first file are
called from the code in the other file. The “melodizer.lisp” file contains the code for the melodizer object as
well as the editor, the “melodizer-csp.lisp” file contains the code for the CSPs described in previous chapters,
the file “melodizer-csts.lisp” contains the constraints used for the CSPs, and the “melodizer-utils.lisp” file
contains generic utility functions.

5.5.1 Melodizer-utils

This file contains a variety of functions that have very different purposes. Here is a list of the main functions
and their purpose:

e Conversion functions (from MIDI to MIDIcent and vice versa, from the name of a note to its value and
vice-versa,...)

A function to update a pop-up menu from the interface

e A function to get the starting time of all notes from a Voice object

A function to get the series of tones and semitones defining a specific mode

A function to get the notes that can be played on top of a given chord

A function to get the mode and inversion of a chord based on its notes.

5.5.2 Melodizer-csts

This file contains all the constraint functions used in the CSPs described in chapter [3] Details will not be
repeated here, but here is a list of the available constraints:

e All the notes of the melody are different

Strictly increasing/decreasing pitch

Increasing/decreasing pitch

Mostly increasing/decreasing pitch

39



e At least n notes of the melody take the value they have in the input

e Notes are always higher than the lowest note from the chords and lower than the highest note of the
chord + 2 octaves

e The intervals between consecutive notes follow a specific rule
e Notes are in the tonality specified
e The melodic interval in the context of a given chord is a maximum of an octave

e Notes played on top of a chord follow a set of rules

5.5.3 Melodizer-csp

This file contains the code for the two CSPs used in Melodizer, as well as the function that is searching for
the solutions. The searching algorithm is the same for both CSPs, so there is only one searching function.
The algorithm for the CSPs is explained in chapter [3] and the algorithm for the search is detailed in chapter
2!}

5.5.4 Melodizer

This file contains the code for the object itself, as well as the code for the editor window and all of its
components. The main components are:

e The declaration of the melodizer class and all the attributes of the object

e The creation of the main view

The creation of the input panel

The creation of the search panel
e The creation of the optional constraints panel
e The creation of the solution assembly panel

The code for this file is too long to show here, but can be found in appendix [C]
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Chapter 6

How to use Melodizer

This chapter will explain exactly how to load and use Melodizer inside OpenMusic. It assumes you already
have installed OpenMusic and Gecode and have downloaded the libraries. Appendix [A] gives a step by step
guide on how to install everything you need. This chapter will first explain how to create a patch and load
the libraries. It will then explain how to give input to the tool and how to specify aditional constraints to
use. It will also cover how to search for solutions, how to modify them and how to save them. Finally, it will
explain how to combine generated solutions to create musical pieces.

6.1 Setting up the environment

6.1.1 Create a patch

The first step to be able to use Melodizer is to create an OpenMusic project. To do so, the user should
open OpenMusic and select “create a new workspace”, give it a name and press enter. This creates an empty
workspace. Then click on file/new patch, and your workspace should look like figure Double clicking on
the patch will open it.

6.1.2 Load Melodizer and GiL

Now that you have created a patch, the next step is to load the MelodizelEl library. Since it requires GiIEl
to work, it needs to be loaded too. To do so, click on windows/library. This will open the library window
(ﬁgure. Then click on file/add remote user library and navigate to the Melodizer and GiL folder on your
desktop. The library window should now look like figure The libraries can be loaded by right-clicking

Thttps://github.com/sprockeelsd /Melodizer
2https://github.com/sprockeelsd/GiLv2.0

Demo

m*
[ ]

o
s

Figure 6.1: Workspace after adding a patch
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Figure 6.3: Patch before and after creating a melodizer object

the melodizer library and selecting “load library”. The boxes should turn blue, meaning that the libraries
are loaded and ready to use.

6.1.3 Creating a melodizer object

Now that the libraries are loaded, they can be used in the patch that was just created. In the patch, select
Classes/Libraries/Melodizer/ALL/MELODIZER, then click anywhere in the patch and a melodizer object
will appear. Alternatively, you can double click in the patch and write “mldz::melodizer” to achieve the same
result. Figure [6.3] shows a patch before and after creating a melodizer object. Once the object is created,
the editor can be opened by double clicking on it. The melodizer object has 21 inlets and outlets, but only a
few should be used for input and output. The inlets that can be used to give input to Melodizer are stated
in section 5.3.1, and the ones that can be used to get output from Melodizer are stated in section 5.3.3.

6.2 Motif, phrase, period

In the following sections, motifs, phrases and periods will be mentioned multiple times so we feel it is
important to give a proper definition of those terms [10].
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Figure 6.4: Editor window of the melodizer object

Motif A motif is a short melodic idea. It can be as simple as two notes, and can be more complex but is
generally really short (up to one measure long).

Phrase A phrase is a little bit longer than a motif. It is generally a few bars long, and expresses a more
complex melodic idea.

Period A period is a complete melodic idea. It can be composed of several phrases.

6.3 Giving input to the object

Now that you have created a melodizer object, the next step is to give it parameters to customize the
problem to fit your needs. The input parameters are described in section There are two ways to
specify those parameters : through the editor window of the melodizer object or by connecting boxes to the
corresponding inlets (the circles on top of the object) of the melodizer object.

6.3.1 Giving input from the editor window

This is the recommended way to set the parameters of your problem. To open the editor window, double
click on the melodizer object. The window in figure [6.4] should appear. The editor window has four panels :
the input panel on the top left, the search panel in the middle, the optional constraints panel at the bottom
and the solution assembly panel on the right. For this section, we are interested in the input panel. The
input panel is represented in figure[6.5} All the input parameters can be specified there. Here is how to enter
parameters to the interface :

e To select the mode of the tool, the pop-up menu on the top left can be used. It currently has two
modes : melody-finder, that allows you to find pitch for a melody that can be played on top of the input
chords and that has the rhythm specified as input, and variation-maker, that allows you to generate
variations of a melody that is given as an argument and that can be played on top of the chords given
as an argument.

e To specify the tonality desired for the melody, there are two pop-up menus that allow you to select a
key and a mode.
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Figure 6.5: Input panel of the melodizer object Figure 6.6: Search panel of the melodizer object
editor window editor window

e To enter a chord progression that serves as a base for the melody, you can press the Edit input chords
button. This will open the editor window of a voice object and allow you to edit it like it is explained
in section

e To enter a melody or a rhythm for a melody, you can press the Edit melody rhythm button. That
will open the editor window of a voice object and allow you to edit it.

e To reset the input chords and melody that you entered, you can press the Reset input button.

6.3.2 From the patch

Alternatively, you can give arguments to the object by creating data boxes and connecting them to the
corresponding inlet of the melodizer object (the input-chords inlet for the input chords, the key inlet for the
key, and so on). The name of an inlet will appear when trying to connect something to it, or can be found
in the documentation of the melodizer object. Pay attention that giving inappropriate values to parameters
can lead to errors (e.g. trying to set the input chords to a string). Additionally, connecting data boxes to
the inlets of the melodizer object means that it must be evaluated to take these changes into account, and
will therefore reset the object and everything that was saved in it. If you are more comfortable with creating
voice objects from a rhythm-tree and a list of pitches, it is advised to create a voice object separately and
then copy the staff and paste it inside the editor window after clicking on the edit input chords button.

6.4 Specifying the optional constraints

Now that the parameters to the problem are set, it is time to specify additional constraints if you want to
add some to your problem. The optional constraints panel is displayed in figure[6.7] If the mode of the tool is
melody-finder, depending on what you are looking for, there is a set of constraints that can be added to the
problem. To do so, just check the corresponding box. Some constraints may require additional information
(e.g. the mostly increasing/decreasing constraints). Be aware that currently, there is nothing preventing you
from selecting incompatible constraints. Doing so will result in hazardous behaviour. Similarly, selecting a
constraint that is not compatible with the mode of the tool will have hazardous behaviour.

6.5 Searching for a solution

Now that the parameters and the additional constraints have been set, you can start searching for solutions.
Figure shows the search panel of the editor window. The first thing to do is to press the Start button.
At this point, the parameters and the optional constraints are locked for the search for a solution, and any
changes will not be taken into account until the Start button is pressed again. The problem is now created,
and you can start searching for solutions by clicking the next button. Depending on the problem and the
constraints selected, the solver might take some time to find a solution. If you wish to stop the search, you
can press the Stop button. A window will appear to inform you that the search has been stopped. When the
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Figure 6.7: Optional constraints panel of the melodizer object editor window

solver finds a solution, a voice editor window containing the found melody will automatically open. You can
modify it if you want, and then close the window.

If you want to see the current solution again, you can click the See solution button. If you want to
keep the solution for later and keep searching for other solutions, you can press the Keep solution button.
Doing so will save the solution in the pop-up menu below. Pressing the Next button again will erase the
previous solution if it wasn’t saved. If you want to see a saved solution with the input chords, you can
select it in the pop-up menu and then press the See with chords button. This will open a window displaying
the solution with the chords. Be careful that any modification in this window are not saved and will be lost.

If you want to keep a saved solution for later, you can add it to the list of motifs, phrases or periods
by pressing the Add to motifs, Add to phrases or Add to periods button. You can modify the parameters and
optional constraints for another problem, and click the Start button to start searching for solutions. Note
that doing so will erase all solutions saved in the search panel, so make sure you save what you want by
adding solutions to the motifs, phrases or periods accordingly.

6.6 Assembling a melody using generated solutions

Once you have kept solutions you liked, you might want to combine them together to create a musical piece.
This can be done through the solution assembly panel, depicted in figure[6.8 The list of saved motifs, phrases
and periods can be found in the pop-up menus. You can create a melody by adding different elements before
or after the current melody using the corresponding buttons. The current melody can be opened and edited
by pressing the Show melody button. You can add elements, then modify the melody or add notes/measures
to the melody, then add more elements, etc. The melody can be saved as a phrase or as a period using the
corresponding button, and can be erased to start a new melody by pressing the Reset melody button. The
lists of motifs, phrases and periods can also be erased by pressing the corresponding Reset button.

6.7 Making Melodizer interact with other elements in OpenMusic
Other elements can interact with Melodizer by connecting to its inlets/outlets. Solutions can be exported

from the melodizer object to be used in the patch using the “solutions-list”, “motifs-list”, “phrases-list”,
“periods-list”, “output-solution”, “output-motif’, “output-phrase”, “output-period” and “melody” outlets.
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Figure 6.8: Solution assembly panel of the melodizer object editor window
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Chapter 7

Composer use scenarios for Melodizer

This chapter aims to give a few examples of how Melodizer can be used in practice by composers to improve
their expression and composition abilities. The different scenarios will be written as actual situations that
composers might find themselves in, and should not be used as a tutorial. The reader should read chapter [6]
for a tutorial on how to use Melodizer. Assuming you have installed Melodizer and have it open in front of
you, you can follow these examples yourself. The following examples are different uses of Melodizer, including:

e Finding a melody to harmonize with a sequence of chords that the composer came up with

Revisiting an existing piece by modifying the pitch of the melody

e Finding a melody to play on top of a sequence of chords using Rhythm-Box to generate rhythm

Generating motifs, phrases and periods using optional constraints

Generating variations of an existing melody while keeping its general feel

Using Melodizer to generate and combine musical elements to make a musical piece

7.1 Reminder

This section gives a reminder about a few notions that are useful to understand this chapter.

Creating a melodizer object To create a melodizer object, you can click on Classes/Libraries/Melodiz-
er/ALL/MELODIZER and the click anywhere on the patch. Double clicking on the object will open its
editor window.

Inlets/Outlets You can give input to Melodizer by connecting boxes to its inlets (the circles on top of the
object box). Trying to connect them will show their name. You can get output from Melodizer similarly by
connecting its outlets to other boxes.

Motif A motif is a short melodic idea. It can be as simple as two notes, and can be more complex but is
generally really short (up to one measure long).

Phrase A phrase is a little bit longer than a motif. It is generally a few bars long, and expresses a more
complex melodic idea.

Period A period is a complete melodic idea. It can be composed of several phrases.
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Figure 7.1: Input and output of Melodizer when looking for a melody to fit a chord progression

7.2 Finding a melody to harmonize with a sequence of chords

A composer came up with a chord progression (figure , and they would like to find a melody that
can be played with this chord sequence. They also came up with a rhythm (figure for the melody
they want, but didn’t settle on the pitch of the melody. To do so, they first have to set the mode of the
tool to “melody-finder”. Then, they can either connect the voice objects for the chords and the rhythm to
the corresponding inlets, or they can edit them using the corresponding buttons in the editor window of the
melodizer object. Once that is done, they can select the desired tonality (here, B minor would be a good idea)
using the pop-up menus to select a key and a mode. After that, they can press start and start navigating
through the different solutions by pressing the next button and edit them or save them if they want. Figure
shows one of the suggested melodies, and figure [7.2] shows the complete patch for this scenario, with one
of the solutions suggested by Melodizer. The input and output can be listened to by scanning the QR code
or by clicking the following url : https://wuw.youtube.com/watch?v=enxMEUmD6sM.

7.3 Revisiting an existing piece

A composer has written a piece, with chords and a melody (ﬁgure, and they wish to try using different
melodies with the same rhythm to see what would work best with these chords. They can do that using
Melodizer. First, they should set the mode to “melody-finder” and set the chords and the melody as input
of the melodizer object. They can then select a tonality for the melody, that can be the same as the original
melody idea they had, but can also be different. After that, they can specify additional constraints if they
want, and then start searching for solutions. They can edit and save the solutions. Figure [7.4] shows the use
of Melodizer to generate an alternative melody for the song “Puisque tu pars” by Jean-Jacques Goldman [9],
and figure shows the original song and the new song side-to-side. The original and new versions can be
listened to by scanning the QR code or by clicking on the following link : https://youtu.be/Rdy2XGoMiL4l

7.4 Finding a melody to play on top of a sequence of chords using
Rhythm-Box to generate the rhythm of the melody

A composer has an idea of a chord progression (figure [7.5a) and a rhythm (figure , and they want to
experiment with the rhythm and the pitch of the melody. To be able to use Rhythm-Box |11] with Melodizer,
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(b) Melody generated by Melodizer from the chords and melodic rhythm of “Puisque tu pars”
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Figure 7.3: Example of the use of Melodizer to revisit “Puisque tu pars” by Jean-Jacques Goldman @

LN “ex-puisque-tu-pars

Original melody

New version of the song

Figure 7.4: OpenMusic patch to generate an alternative melody for the song “Puisque tu pars” by Jean-
Jacques Goldman
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Figure 7.5: Input and output of Melodizer using Rhythm-Box to generate a melody to fit a chord progression

the composer has to give the input to the melodizer object through the inlets and not through the interface.
A rhythm can be generated using Rhythm—BoxEl and given as an input to Melodizer, together with the chord
sequence. After that, the composer can search for solutions like in section[7.2] Figure[7.6]shows the patch to
do that in OpenMusic, and the input and output can be listened to by scanning the QR code or clicking on
the following link: https://www.youtube.com/watch?v=d1lhrL-Qs21I.

7.5 Generating motifs, phrases and periods using optional con-
straints

A composer has come up with a chord sequence (ﬁgure and a rhythm (figure , and they want to
find a melody to play on top of it. They want that melody to go in a certain direction, i.e up or down. They
can use the “melody-finder” mode of Melodizer to achieve that result. They first have to specify the chord
progression and the rhythm for the melody to the tool, and they can then select a tonality and additional
constraints that the generated melody should follow. Figure shows a patch generating a phrase for the
input chords and rhythm at the top of the patch, with the constraint that the pitch must mostly be going
up. The video on how to do it using Melodizer can be found by scanning the QR code or by clicking the
following link: https://www.youtube.com/watch?v=QQwzvImpABI.

7.6 Generating variations of a melody while keeping the overall
feel of the melody

A composer has written a melody with a chord progression (ﬁgure, and they want to make variations
of this melody while keeping the overall feel of the melody. Using Melodizer, they can select the “variation-
maker” mode and give their melody and chords as input to the melodizer object. Melodizer will then
suggest variations of that melody to the composer. Figure [7.9D] shows one of the solutions suggested by
Melodizer, and figure shows a patch using Melodizer to generate variations of a melody. The original
melody and the variation can be listened to by scanning the QR code or by clicking on the following link:
https://www.youtube.com/watch?v=WyyXGCjOLXo.

Isee https://github.com/blapiere/Rhythm-Box for a tutorial on how to use Rhythm-Box
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Figure 7.9: Original melody and variation of “Faded” by Alan Walker
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Figure 7.10: Patch using Melodizer to generate variations of a melody

7.7 Using Melodizer to generate different musical phrases, creat-
ing variations of them and combining them together to create
a musical piece

A composer has a couple chord progressions and rhythms in mind (figure , and wants to create a
musical piece by combining them and creating variations of those melodies. One way to do that is to first
generate melodies using the “melody-finder” mode of Melodizer, and then saving the phrases to be combined
later with other melodies. Variations of a melody can then be obtained by using the “variaton-maker” mode
of Melodizer, and musical periods can be created by combining phrases together. Figure shows an
example of a musical piece generated from the input of figure and a video of the use of Melodizer to
create this simple musical piece can be found by scanning the QR code or by clicking the following link :
https://www.youtube.com/watch?v=Cjk4vAdCMq0. This example contains the following operations :

e Creating of a melodizer object in the patch

e Editing of the input chords and input rhythm objects with the chord sequence and rhythm of the
problem through the interface

e Using Melodizer to generate melodies

e Navigating between the different solutions

e Editing of the solutions

e Saving solutions in the search panel to examine them later

e Saving solutions as phrases to be combined with other musical elements
e Extracting elements from Melodizer through the outlets

e Using Melodizer to generate variations of a melody

e Combining musical phrases to create a musical period.
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Figure 7.12: Musical piece created by generating different phrases and combining them using Melodizer
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Chapter 8
GiL

The first step towards creating a constraint-based tool in OpenMusic was to bring the constraint program-

ming aspect to Lisp. This has been done by Baptiste Lapiére [11] with the creation of Gﬂﬂ an interface
between Gecodeﬂ and Lisp using CFF]E[ GiL will therefore be used to handle the constraints part of Melodizer,
and some functionalities will be added, which are described later.
This chapter does not aim to explain how GiL works in full detail, the curious reader can read |11 for more
information on that. The first section explains the basic principles of GiL, the next section details the features
that were added to make Melodizer work. This is followed by an example of how to use GiL to solve CSPs
in Lisp. The last section will explain briefly how to contribute to GiL.. The new version of GiL. can be found
at https://github.com/sprockeelsd/GiLv2.0.

8.1 Structure

GiL is composed of two main parts : a C wrapper and a Lisp wrapper. Since CFFI provides an interface
between C and Lisp, but not C++, the first step is to create a C library that executes Gecode functions,
that can then be called with Lisp code in OpenMusic.

8.1.1 C Wrapper

The C Wrapper is made of two main parts: the first part, called the space wrapper, contains all the
calls to Gecode functions. It includes the definition of the WSpace class, including all its methods to create
variables, post constraints and specify branching strategies, as well as the search engines classes. The second
part, called the gecode wrapper, is the external C library calling the methods from the space wrapper. The
functions from the gecode wrapper will then be called from the Lisp Wrapper, which will be detailed later.

In Gecode, variables, constraints and branching are modeled within a subclass of the “Space” class, which
represents the problem. In GiL, this translates to a “WSpace” class with methods to add variables, post
constraints, and specify a branching strategy. Upon creation, the WSpace instance is casted to a void pointer
to be useable in CFFI. Everytime a function from the C external library that uses a method of the space
wrapper is called, the pointer is casted back to a WSpace pointer to call the method. This is illustrated in
figure 8.1

Variables Variables in Gecode are instances of a class, so another way to reference them is necessary to
be able to refer to them in C. The WSpace class has a vector as attribute for each type of variables (integer,
boolean) and protected methods to retrieve a variable or variable array based on their indexes. Upon creation,
a variable is pushed to the corresponding vector and its index in the vector is returned so it can be accessed
later.

Thttps://github.com/blapiere/GiL
2https://www.gecode.org
3The Common Foreign Function Interface, see https://common-lisp.net/project /cffi/
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// Wraps the WSpace constructor.
void#* computation_space () {
return (void*) new WSpace();

}

//Wraps the WSpace add_intVar method.
int add_intVar(void* sp, int min, int max) {
return static_cast<WSpace*>(sp)->add_intVar (min, max);

}

Figure 8.1: Code from gecode wrapper, for creating a new space and adding an integer variable to it.

variable selection strategies value selection strategies
variable with smallest domain smallest value of the domain
random variable random value

variable with the highest degree | values not greater than (min 4+ max)/2
values greater than (min + max)/2
biggest value not greater than the median

Figure 8.2: Currently supported branching strategies

Constraints Constraints are wrapped in a similar way. For each constraint, one or more methods are
created in the space wrapper and they take the indexes of variables as arguments. The corresponding
WSpace method then translates indexes into variables to post the constraints.

Branching Branching is also wrapped in a similar manner. Before this master’s thesis, there was no way to
specify the branching strategy in GiL, and the default strategies were choosing the variable with the smallest
domain, and choosing the smallest value of the domain first.

Search Engines Search engines are wrapped separately from the space. They are modeled as a class (e.g.
WdfsEngine) with an attribute that is a reference to the corresponding Gecode search engine. Before this
master’s thesis they provided a method to call their next function, that returns a space that is a solution of
the CSP if there is any.

8.1.2 Lisp Wrapper

Now that there is an external C library, it can be wrapped in Lisp with the help of CFFI. The Lisp
wrapping is done in two stages in GiL. First, foreign functions are defined using CFFI, each calling a specific
function from the Gecode Wrapper. Those functions are the link between Lisp and C, calling C functions
and giving the returned value to Lisp. Then, the foreign functions are wrapped by Lisp functions to provide
a more readable library, making using GiL as similar to using Gecode as possible.

8.2 Contribution

Since the goal of this master’s thesis was not to develop GiL but rather to produce a useful tool for
composers, only necessary features were added to GiL.. However, these additions were designed in a way that
allows to easily develop them or add other features without creating conflicts.

Branching Branching on integer variables was improved by adding the possibility to specify branching
strategies, both for variable and value selection. This was done by passing integers as arguments, representing
the branching strategies, using pre-defined parameters to make it more user friendly. These integers are then
translated to actual Gecode strategies in the space wrapper. Figure shows the currently supported
strategies.
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Search engines The search engine constructors have been modified to support search options (more ex-
planations below). Additionally, they now have a method allowing to detect if the search engine has been
stopped. The GiL Lisp function to create search engines has been modified to make it more modular and
intuitive, by allowing to specify the type of search engine to create instead of setting an additional parameter
to “t” or “nil” as it was before, allowing to support more than 2 types of search engines.

Search options In Gecode, it is possible to specify options for the search of solutions. It is done by using
Options objects. In GiL, they are wrapped in a similar way to search engines, in a WSearchOptions class
with one attribute that is an Options object from Gecode. The class has methods allowing to set the different
options. Currently, only the “threads” and “stop”EI options are supported, but others can easily be added in
a similar way.

Stop Option The “stop” option in Gecode works by creating a stop object and specifying a limit depending
on its type. GiL currently only supports TimeStop objects, and therefore only allows to specify a time limit
and not for example a limit in terms of number of nodes visited. TimeStop objects are wrapped the same
way search engines and options objects are, and they have a method that allows to reset the timer.

Value precedence constraint The Gecode “precede” constraint has been added to GiL. Given a variable
array x and two integers s and t, the constraint ensures that there will always be a “s” before a “t”. In other
words,

l’o#t

zj=t=3iel0,j|z;, =5

Count constraint One variation of the “count” constraint has been added to GiL. Given an array of
variables x, a set of integers c, a relation rel_type and an integer z, the constraint ensures that the number
of variables in x that take a value in ¢ has relation rel_type to z. In other words,

#{i € [0,...|x| = 1] | z; € ¢} rel_type z

8.3 Example of use

This section will show how the different steps of creating a simple CSP compare in Gecode and in GilL.
The problem chosen here is a very simple problem with 3 variables with a domain ranging from 1 to 4, where
the only constraint posted is that all variables must be different. The branching strategies are selecting the
variable with the smallest domain first and selecting the smallest value of the domain first. A depth first
search engine is used. Figure [8:3a) show the code for this simple problem in Gecode, and figure [8:3b] shows
the exact same problem in Lisp using GiL.

8.4 How to add to GiL

Adding a feature to GiL. can be done in four steps. First, it must be wrapped in the space wrapper. If
you wish to add a constraint, a simple function calling the Gecode function is enough. If you want to add
something more complex like a search engine type, you will probably need to wrap it into a class. Then, one
or more functions must be created in the gecode wrapper (external C library) to call the functions created in
the space wrapper. Note that pointer arguments for functions in the gecode wrapper must be of type void*,
and casted into the appropriate type when calling space wrapper functions. The third step is to create Lisp
functions that call the C functions using CFFI. Finally, the last step is to add more user-friendly functions
to call the foreign functions created with CFFI, using for example the “int-var” class.

4for a comprehensive list of options, see [14], Chapter 9.3
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1 class Simple_problem : public Space {

2 protected:

3 IntVarArray vars;

4 public:

5 Simple_problem(): vars (*this,3, 1, 4){ // inittalize the wvariables
6 // post the constraints

7 distinct (*xthis, vars);

8 //specify the branching

9 branch (*this, vars, INT_VAR_SIZE_MIN(), INT_VAL_MINQ));

10 }

11 ... //code that %is not relevant to show how Gecode and GiL compare
12 };

13

14 int main(int argc, char* argv[]) {

15 Simple_problem* m = new Simple_problem(); //create the space

16 Gecode::Search::0ptions opts;// create and initialize the search options

17 Gecode::Search::TimeStop maxTime (500) ;//create and initialize the time stop object
18 opts.stop = &maxTime; //specify the time limit in the search options

19 DFS<Simple_problem> e(m);// create the search engine

20 delete m;

21

22 // search and print all solutions

23 while (Simple_problem* s = e.next()) {

24 s->print () ; delete s; maxTime.reset();// reset timer
25 }

26 return O0;

27 }

28

(a) Simple CSP in Gecode

1 (defun dummy-problem ()

2 (let ((sp (gil::new-space)) ; create the space

3 vars se tstop sopts max id-list)

4 (setq vars (gil::add-int-var-array sp 3 1 4)); initialize the wvariables
5 ; post constraints

6 (gil::g-distinct sp vars)

7 ; specify branching

8 (gil::g-branch sp vars gil::INT_VAR_SIZE_MIN gil::INT_VAL_MIN)

9

10 ; search options

11 (setq sopts (gil::search-opts)); create the search options object

12 (gil::init-search-opts sopts); initialize %t

13 ;time stop

14 (setq tstop (gil::t-stop)); create the time stop object

15 (gil::time-stop-init tstop 500); initialize <t (in ms)

16 (gil::set-time-stop sopts tstop); specify the time limit in the search options

17

18 ; create the search engine

19 (setq se (gil::search-engine sp (gil::opts sopts) gil::DFS))

20 ; return for the ‘‘mext” function

21 (list se vars tstop sopts)))

22

23 (defun search-next (1)

24 (let ((se (first 1)) (pitch* (second 1)) (tstop (third 1)) (sopts (fourth 1)) sol
pitches)

25 (gil::time-stop-reset tstop);reset the timer before launching the search

26 (setq sol (gil::search-next se)); search for the nexzt solution

27 (if (null sol) (error ‘‘No more solutions"))

28 (setq pitches (gil::g-values sol pitch*)); store the values of the solution

29 (print pitches)))

30

(b) Simple CSP in lisp using GiL

Figure 8.3: Simple CSP in Gecode and in GiL
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Chapter 9

Conclusion

This master’s thesis had one main objective, namely to provide composers with a useful tool to assist
them in musical composition and to improve their expression abilities. This objective can be split into three
parts : developing GiL. further, creating a musical constraint satisfaction problem and creating a tool and an
interactive interface for composers.

9.1 GiL

GiL |11] was an already existing, though incomplete, interface between OpenMusic and Gecode. It had
general features allowing to create CSPs in OpenMusic, but was lacking several features allowing for cus-
tomization of problems. The following features were added to GilL:

e Multiple branching strategies : instead of having only one default variable selection and value selection
strategy, a GiL user now has a choice between a few strategies for both variable selection and value
selection. Other strategies can easily be added to GiL due to the design of the branching function.

e Search engines : Several features have been added to search engines in GiL, such as the possibility to
know if the solver has been stopped or not, and the ability to specify options for the search. For now,
the available options are setting the number of threads to use, and setting a time limit to the search.
Other options can easily be added due to the design of the search engine wrapping.

e Constraints : a few constraints have been added to GiL, making it more versatile, including several
versions of the count constraint or the value precedence constraint from Gecode.

9.2 Two musical CSPs

Two CSPs have been created during this master’s thesis. The first one can be used to generate melodies
based on a chord sequence and a rhythm, and the second one can be used to generate variations of a given
melody. Along with these CSPs were provided a set of musical constraints allowing the composer to customize
the problem to better fit their needs with optional constraints, and allowing to guarantee a relatively good-
sounding melody with some mandatory constraints. A variety of branching strategies were also provided,
depending on the problem. Here are some of the provided constraints :

e A constraint to ensure that the notes of the melody will be in a given tonality
e A constraint restraining the possible values of a note played at the same time as a chord
e A constraint restraining the possible values of the interval between two consecutive notes

e A set of constraints allowing to give a general direction to the melody
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An algorithm for the search for a solution has also been provided, with a way of guaranteeing that con-
secutive solutions would be relatively different, making it more interesting for the user, with the use of a
branch-and-bound search engine. The composer has full control on the variety of solutions. This strategy
was not implemented in the final tool due to a problem implementing it using GiL. A technique to stop the
search if it takes too long has also been implemented using threads.

9.3 Melodizer, an OpenMusic tool to assist composers in their
creation process

The tool that was the objective of this master’s thesis is an OpenMusic object called Melodizer. It has
an intuitive interface allowing composers to easily interact with it, and allows to use the CSPs developed
to solve a variety of musical problems. It can easily interact with other OpenMusic components and with
Rhythm-Box [11]. Here are some of the things you can do with Melodizer:

e Create a melody to harmonize with a sequence of chords
e Revisit an existing piece
e Generate motifs, phrases, and periods and combine them to create musical pieces

e Generate variations of a melody while keeping its overall feel

9.4 Future work

Though this master’s thesis has provided a tool able to help composers in a variety of ways, it is only
scratching the surface of what can be done using constraints programming to generate melodies. This section
gives a few ideas of how Melodizer could be improved and how to take it a step further.

9.4.1 Developing GiL

An obvious improvement would be to keep developing GiLi even further. The more complete it is, the
more complex models can be created and solved. The first obvious step would be to make the branch-and-
bound search engine work, as this would also improve Melodizer quite a bit. Other constraints, branching
heuristics, and types of variables would be a great addition as well. There are a lot of features in Gecode that
are designed to make the search more efficient, like symmetry breaking, that could be added as well. Finally,
having a visual interface for GiLL in OpenMusic allowing to create CSPs directly in OpenMusic would be a
great tool for composers as well.

9.4.2 Adding other CSPs to model a variety of problems

For now, there are only two CSPs that can model a variety of problems, but more could be added to make
the tool even more versatile. This section discusses a few ideas of how to improve the constraint oriented
part of Melodizer.

CounterPoint CSP A CSP modelling a problem where the composer would give a series of voices played
simultaneously, that could generate an additional voice that can be played on top of the input voices while
respecting a set of constraints.

Harmonizing CSP A CSP that can generate chords to harmonize with a melody given as an input by
the composer. There could be different styles of harmonization.

Genre CSP A CSP that takes a musical piece and that can transform it in another genre (e.g from
reggaeton to rock,...).
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Additional constraints Additional constraints could be added to further improve the customizability of
the problem by composers. They could for example select an instrument to play the melody, that would
restrain the domain of the notes based on the ambitus of the instrument. Some constraints could be added to
the mandatory constraints as well to make the proposed melodies even better, but one has to be careful not
to constraint the initial problem too much because that might hide some interesting solutions to the user.

9.4.3 Improving Melodizer

Melodizer offers an interface that is easy to use for composers, however it could still be greatly improved.
This sections offers a few ideas of improvements.

Selecting notes to post constraints One addition would be to allow the composer to select a note or
group of notes from a proposed solution, and only launch the search for that group of notes. This would
allow the composer to further customize the problem to best suit their needs.

Add modes Currently, Melodizer only has two modes but adding more CSPs would require to add more
modes to the Melodizer tool. Its interface could also dynamically adapt depending on the selected mode,
only allowing the selection of relevant constraints for example.

Rhythm-Box Rhythm-Box could also be added to the interface of Melodizer, allowing to generate rhythms
instead of forcing the composer to come up with rhythms themselves. Rhythm-Box could also be improved,
see [11] for ideas on how to improve it.

Input Currently, the input for the supported mode is restricting in the sense that it has to be flat three
note chords. However, typically composers like to create more complex patterns and use chords that have
more than three notes as well. The input could be generalized to more closely represent the composer’s idea.

Bigger picture Melodizer currently offers a simple way of combining musical ideas and solutions created
by the CSP, but it could also be improved to make it easier for composers to combine their ideas. One
possible approach would be based on PowerPoint. Each instance of Melodizer would be like a PowerPoint
slide, with all its memorized musical elements. It could be possible to copy motifs, phrases, periods from
one instance to the other, and combine them into a musical network. The way of exporting melodies from
Melodizer to be used with other OpenMusic components could also be improved.
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Appendix A

How to install Melodizer

This appendix explains in detail how to install Melodizer and set it up. Melodizer should work on all
platforms, however it requires GiL. to work and currently GiLi only works on MacOS. It does not work on
Windows because the Lisp license used by OpenMusic is a 32bit version, and the Gecode Windows version
is 64 bits by default. You could theoretically download Gecode in a 32bit version for Windows, but it is not
recommended to compile Gecode yourself.

A.1 Download

In order to use Melodizer, you will need to follow these steps :
e Download and install Gecode : https://www.gecode.org/download.html

e Download and install OpenMusic : https://openmusic-project.github.io/openmusic/

Download GiL : https://github.com/sprockeelsd/GiLv2.0

e Download Melodizer : https://github.com/sprockeelsd/Melodizer

You might want to download Rhythm-Box as well, if you want to use it. It is not necessary to use
Melodizer : https://github.com/blapiere/Rhythm-Box

For GiL, depending on what MacOS version you are using, there might be a problem with relative paths
and the dynamic library might not find Gecode. This can be fixed with the script that can be found in the
C++ folder of GiL. You should edit it so that the full path to Gecode corresponds to the actual path to
Gecode on your computer, and then execute the script.

A.2 Load the libraries in OpenMusic

Once you have downloaded everything, the next step is to launch OpenMusic. The window in figure
will appear. Create a new workspace and create a patch in your workspace by clicking on file/new
patch. Your workspace should look like figure [A22] Now, it is time to load the libraries. To do so, click on
window/library, and a window will appear. Then, click on file/Add remote user library, and navigate to your
GiL and Melodizer folders. They shoud appear in the library window, and look like figure Then, all you
have to do is right-click on the melodizer library and click on Load Library. Melodizer can now be used in a
patch. Chapter [f] explains how to use Melodizer.
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OpenMusic - Workspaces

Choose or create a workspace...

A workspace corresponds to a directory on your computer
and contains all the data of an OM session (patches,
resource files, user-defined classes and functions,
preferences, ...)

o Open previous workspace
/Users/sprockeelsd/Melodizer/

Open a workspace
[Select the workspace root directory]

Create a new workspace

D

Figure A.1: Workspace selecting window in OpenMusic

[ ] [ ] Demo

patch

Figure A.2: Workspace containing a patch

® © ® OM Packages Library

b B kernel

b [ basic tools.

b B sdif
b 8 mathtools
< [ libraries

N =E

b [ melodizer
b B user

B globals

Figure A.3: Library window in OpenMusic when the libraries have been fetch
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Appendix B

G1L source code

This appendix gives the code for the interface between Gecode and Lisp, GiL. GiL has been developed by
Baptiste Lapiére [11] and has been further developed during this master’s thesis. It is composed of two main
parts : the C wrapper, wrapping the C++ Gecode calls into C functions, and the Lisp wrapper, wrapping the
C functions into Lisp. The additions and changes that were made during this master’s thesis are highlighted
in blue. The current version of GiL can be found at https://github.com/sprockeelsd/GiLv2.0

B.1 C wrapper

The C wrapper wraps the Gecode function calls into C functions. It is composed of four files :

e space_wrapper.hpp declares the classes that will wrap the Gecode calls. WSpace wraps methods to
create a search space, create variables, post constraints and branching. WTimeStop wraps methods to
specify a time limit to the search. WSearchOptions wraps methods to create and set a variety of options
for the search. WbabEngine and WdfsEngine wrap methods to create search engines, and methods to
search for the next solution and to know if the search has been stopped or not.

e space_wrapper.cpp implements the classes and methods declared in space_wrapper.hpp
e gecode_wrapper.hpp declares the external C library that will be called by the Lisp wrapper.
e gecode_wrapper.cpp implements the methods of the external C library declared in gecode_wrapper.hpp.

The following sections show the code of these files.

B.1.1 space_wrapper.hpp

#ifndef space_wrapper_hpp
#define space_wrapper_hpp

#include <vector>

#include <iostream>

#include <stdlib.h>

#include <exception>

#include "gecode/kernel.hh"
#include "gecode/int.hh"
#include "gecode/search.hh"
#include "gecode/minimodel.hh"
#include "gecode/set.hh"

using namespace Gecode;
using namespace Gecode::Int;
using namespace std;

using namespace Gecode::Search;

class WSpace: public IntMinimizeSpace {

protected:
vector<IntVar> int_vars;
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22 vector <BoolVar> bool_vars;

23 int i_size;

24 int b_size;

25 int cost_id;

26

27 int* solution_variable_indexes;// to know what variables will hold the solution, useful for bab
28 int var_sol_size;

29

30 //======================

31 //= Variables from idx =

32 //======================

33

34 VAZ

35 Return the IntVar contained in <int_vars at index vid.
36 */

37 IntVar get_int_var(int vid);

38

39 VEL:

40 Return the BoolVar contained in bool_wvars at <index vid.
41 */

42 BoolVar get_bool_var (int vid);

43

44

45 //====================

46 //= Args for methods =

47 //====================

48

49 /**

50 Return an IntVarArgs of size m, contatining the n IntVars contained in
51 int_vars at indices wvids.

52 */

53 IntVarArgs int_var_args(int n, int* vids);

54

55 /**

56 Return a BoolVarArgs of size mn, containing the n BoolVars contained in
57 bool_wvars at indices vids.

58 */

59 BoolVarArgs bool_var_args(int n, int* vids);

60

61 /¥ *

62 Return an IntArgs of size n, containing the n values in vals
63 */

64 IntArgs int_args(int n, intx* vals);

65

66 VAL

67 Return the ezpression int_rel (vid, wval)

68 */

69 BoolVar bool_expr_val(int vid, int int_rel, int val);
70

71 J**

72 Return the ezpression int_rel (vidl, vid2)

73 */

74 BoolVar bool_expr_var (int vidl, int int_rel, int vid2);
75

76 public:

7 /¥ *

78 Default constructor

79 */

80 WSpace () ;

81

82 //=========================

83 //= Variables and domains =

84 //=========================

85

86 /¥ *

87 Add an IntVar to the WSpace ranging from min to maz.
88 In practice, push a new IntVar at the end of the wector int_wars.
89 Return the index of the IntVar <n int_vars

90 */

91 int add_intVar (int min, int max);

92
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93
94
95

97

98

99
100
101
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103
104
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119
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123
124
125
126
127
128
129
130
131
132
133
134
135
136
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138
139
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141
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144
145
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148
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150
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160
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163

/¥ *
Add an IntVar to the WSpace with domain dom of size s.
In practice, push a new IntVar at the end of the wector int_wars.
Return the indexz of the IntVar in int_vars
*/

int add_intVarWithDom(int s, int* dom);

/¥ *
Add n IntVars to the WSpace ranging from min to mazx.
In practice, push n new IntVars at the end of the wector int_wvars.
Return the indices of the IntVars in int_wvars.
*/

int* add_intVarArray(int n, int min, int max);

VAL

Add n IntVars to the WSpace with domain dom of size s.

In practice, push n new IntVars at the end of the wector int_wvars.
Return the indices of the IntVars in int_vars.

*/

int* add_intVarArrayWithDom(int n, int s, int* dom);

/%%

Define which variables are to be the solution so they can be accessed
to add a constraint with bab

*/

int* set_as_solution_variables(int n, int* vids);

VAZ
Return the number of IntVars in the space.
*/

int nvars();

enum {
//Relations for BoolEzpr
B_EQ,
B_NQ,
B_LE,
B_LQ,
B_GQ,
B_GR
}s

/k*
Add a BoolVar to the WSpace ranging from min to mazx.
In practice, push a new BoolVar at the end of the wvector bool_wars.
Return the indexz of the BoolVar in bool_wars
*/

int add_boolVar (int min, int max);

/%
Add a BoolVar to the WSpace corresponding to the evaluation of int_rel (vid,
In practice, push a new BoolVar at the end of the wector bool_wars.
Return the index of the BoolVar in bool_wars
*/

int add_boolVar_expr_val(int vid, int int_rel, int val);

/%
Add a BoolVar to the WSpace corresponding to the evaluation of int_rel (vidl,
In practice, push a new BoolVar at the end of the wector bool_wars.
Return the index of the BoolVar in bool_wars
*/

int add_boolVar_expr_var (int vidl, int int_rel, int vid2);

//=======================
//= Posting constraints =
//=======================
//=== INTVARS ===

/¥ *

Post a relation constraint between the IntVar denoted by vid and the wal.

67

val).

vid2) .



164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

*/

void cst_val_rel(int vid, int rel_type, int val);

/o *
Post a relation constraint between the IntVars denoted by wvidl and vid2.
*/

void cst_var_rel(int vidl, int rel_type, int vid2);

/%
Post a relation constraint between the n IntVars denoted by wvids and the wval.
*/

void cst_arr_val_rel(int n, int* vids, int rel_type, int val);

/%

Post a relation constraint between the n IntVars denoted by wvids and
the the IntVar wvid.

*/

void cst_arr_var_rel(int n, intx vids, int rel_type, int vid);

/k*
Post a relation constraint between the n IntVars denoted by vids.
*/

void cst_arr_rel(int n, int* vids, int rel_type);

/%

Post a lexicographic relation constraint between the nl IntVars denoted by wvidsl and
the n2 IntVars denoted by vids2.

*/

void cst_arr_arr_rel(int nl, int* vidsl, int rel_type, int n2, int* vids2);

VAL
Post the constraint that the n IntVars denoted by vids are distinct
*/

void cst_distinct(int n, int* vids);

VX

Post the linear constraint [c]*[vids] rel wal.

*/
void cst_val_linear(int n, int* c, int* vids, int rel_type, int val);
J**

Post the linear constraint [c]*[vids] rel_type wvid.

*/
void cst_var_linear(int n, int* c, int* vids, int rel_type, int vid);
VAZ

Post the constraint that [vidl]| = wvid2.

*/
void cst_abs(int vidl, int vid2);
VAZ

Post the constraint that dom(vid) = d, where d ts a set of size n.
*/
void cst_dom(int vid, int n, intx*x d);
/**

Post the constraint that wvid %s included in {wvids[0], ..., wids[n-1]}
*/
void cst_member (int n, int* vids, int vid);
VAZ

Post the constraint that wvidl / wid2 = vid3.

*/
void cst_div(int vidl, int vid2, int vid3);
J**

Post the constraint that wvidl J wvid2 = vid3.

*/

void cst_mod(int vidl, int vid2, int vid3);

J**
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235 Post the constraint that widl / vid2 = vid3

236 and vidl [ vid2 = div4

237 */

238 void cst_divmod(int vidl, int vid2, int vid3, int vid4);
239

240 /¥ *

241 Post the constraint that min(vidl, vid2) = vid3.
242 */

243 void cst_min(int vidl, int vid2, int vid3);
244

245 /¥ *

246 Post the constraint that wvid = min(vids).

247 */

248 void cst_arr_min(int n, int* vids, int vid);
249

250 VEL:

251 Post the constraint that wid = argmin(vids).
252 */

253 void cst_argmin(int n, int* vids, int vid);
254

255 VEL:

256 Post the constraint that maz (vidl, wvid2) = vid3.
257 */

258 void cst_max(int vidl, int vid2, int vid3);
259

260 /¥ *

261 Post the constraint that vid = maz (vids).

262 */

263 void cst_arr_max(int n, int* vids, int vid);
264

265 /¥ *

266 Post the constraint that vid = argmaz(vids).
267 */

268 void cst_argmax(int n, int* vids, int vid);
269

270 /**

271 Post the constraint that wvidl * vid2 = vid3.
272 */

273 void cst_mult(int vidl, int vid2, int vid3);
274

275 /**

276 Post the constraint that sqr(vidl) = vid2.
277 */

278 void cst_sqr (int vidl, int vid2);

279

280 VEL:

281 Post the constraint that sqrt(vidl) = wvid2.
282 */

283 void cst_sqrt(int vidl, int vid2);

284

285 VEL:

286 Post the constraint that pow(vidl, n) = vid2.
287 */

288 void cst_pow(int vidl, int n, int vid2);

289

290 /¥ *

291 Post the constraint that nroot (vidl, n) = vid2.
292 */

293 void cst_nroot (int wvidl, int n, int vid2);

294

295 /**

296 Post the comnstraint that vid = sum(vids).

297 */

298 void cst_sum(int vid, int n, int* vids);

299

300 /**

301 Post the constraint that the number of wariables in vids equal to vall
302 has relation rel_type with wal2.

303 */

304 void cst_count_val_val(int n, int* vids, int vall, int rel_type, int val2);
305
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/¥ *
Post the constraint that the number of wvariables in vids equal to wal
has relation rel_type with wvid.
*/

void cst_count_val_var (int n, int* vids, int val, int rel_type, int vid);

/% ok

Post the constraint that the number of wvariables in wvids equal to wvid
has relation rel_type with wal.

*/

void cst_count_var_val(int n, int* vids, int vid, int rel_type, int val);

/k*
Post the constraint that the number of wvariables wn vids equal to wvidl
has relation rel_type with wvid2.
*/

void cst_count_var_var(int n, int* vids, int vidl, int rel_type, int vid2);

/**

Post the constraint that the number of variables in vids in the set set
has relation rel_type with vid2

*/

void cst_count._var_set_val(int n, int*vids, int s, int* set, int rel_type, int val);

/**

Post the constraint that the number of variables in vids where
vars[i] = c[i] and c is an array of integers has rel_type to val
*/

void cst_count_array val(int n, int*vids, int* c, int rel_type, int val);

VAL
Post the constraint the number of distinct walues in the n wvariables denoted by wvids
has the gtiven rel_type relation with the wvartable vid.
*/

void cst_nvalues(int n, int* vids, int rel_type, int vid);

/%
Post the constraint that wvalues of vidsl are the edges of an hamiltonian circuit in
the graph formed by the n wvariables in vidsl, vids2 are the costs of these edges
described by c, and vid ts the total cost of the circuit, <.e. sum(vids2).
*/

void cst_circuit(int n, int* c, int* vidsl, int* vids2, int vid);

/%%

Post the constraint that if there exists j (0 <= j < |x|) such that x[j] = t,
then there must exist i with i < j such that x[i] = s

*/

void cst_precede(int n, int* vids, int t, int u);

//=== BOOLVARS ===
VX

Post the constraint that wvidl bool_op vid2 = wal.

*/
void cst_boolop_val(int vidl, int bool_op, int vid2, int val);
J**

Post the constraint that wvidl bool_op wvid2 = vid3.

*/
void cst_boolop_var (int vidl, int bool_op, int vid2, int vid3);
J**

Post a relattion constraint between wvid and wval.

*/
void cst_boolrel_val(int vid, int rel_type, int val);
VAZ

Post a relation constraint between vidl and vid2.

*/

void cst_boolrel_var (int vidl, int rel_type, int vid2);
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//
//Branch and bound constraint function =

//

VLS
Constrain method for BAB search

This is called everytime the solver finds a solution

*/

virtual void constrain(const Space& _b);

VAZ S

Post a branching strategy on the n IntVars

var_strategy and val_strategy.

*/

in vids, with strategies demoted by

void branch(int n, int* vids, int var_strategy, int val_strategy);

VAZ

Post a branching strategy on the n BoolVars in wids, with strategies denoted by

var_strategy and val_strategy.

*/

void branch_b(int n, int* vids, int var_strategy, int val_strategy);

void cost (int vid);
virtual IntVar cost(void) const;
WSpace (WSpace& s);

virtual Space* copy(void);

J**

Return the current wvalues of the wvariable denoted by wvid.

*/
int value(int vid);
/%
Return the current wvalues of the n wvariables denoted by wvids.
*/
int* values(int n, int* vids);
//======================
//= Printing solutions =
)/======================
/%
Print the n wvartables denoted by wvids.
*/
void print(int n, int* vids);
};
//
//= Search options =
//

class WTimeStop {

protected:
Gecode: :Search: :TimeStop stop;
Gecode: :Search: :TimeStop* stop.ptr;

71



448

449 public:

450 WTimeStop(int maxTime) ;
451 ~WTimeStop() ;

452

453 void reset();

454 TimeStop getStop();

455 TimeStop* getStopPtr();
456 };

457

458 class WSearchOptions {

459

460 protected:

461 Gecode: :Search: :Options opts;
462

463 public: ¢

464 WSearchOptions() ;

465 ~WSearchOptions() ;

466

467

468 /*%

469 getter for the opts field
470 */

471 Options getOpts();

472

473 /**

474 set the number of threads to use for parallel search
475 */

476 int setNbThreads(int nThreads);
477

478 /**

479 Set the time stopping mechanism that is to be used during the search to a certain
480 duration in ms

481 */

482 void setTimeStop(WTimeStop* timestop);
483 ;}

484

485

486

487 //=================

488 //= Search engine =

489 //=================

490

491 class WbabEngine { // new version
492 protected:

493 BAB<WSpace>* bab;

494 public:

495 WbabEngine (WSpace* sp, Options opts);
496 “WbabEngine () ;

497

498 /**

499 Search the next solution for this search engine.
500 */

501 WSpace* next();

502

503 int stopped();

504 };

505

506 class WdfsEngine { // new version
507 protected:

508 DFS<WSpace>* dfs;

509 public:

510 WdfsEngine (WSpace* sp, Options opts);
511 “WdfsEngine () ;

512

513 /o *

514 Search the next solution for this search engine.
515 */

516 WSpace* next ();

517

518 int stopped();
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519 };
520
521 #endif

B.1.2 space_wrapper.cpp

#include "headers/space_wrapper.hpp"
#include <iostream>

using namespace Gecode;
using namespace Gecode::Int;
using namespace std;

0~ Uk WN -

J k%
Default constructor
*/
WSpace::WSpace () {
i_size = 0;
b_size = 0;
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20 /*x*

21 Return the IntVar contained in int_vars at indexr vid
22 */

23 IntVar WSpace::get_int_var(int vid) {

24 return int_vars.at(vid);

25 }

27 /*x*

28 Return the BoolVar contained in bool_wvars at indexr vid
29 */

30 BoolVar WSpace::get_bool_var(int vid) {

31 return bool_vars.at(vid);

38 /**
39 Return an IntVarArgs of size n, containing the n IntVars contained in
40 int_vars at indices wids.

41 */

42 IntVarArgs WSpace::int_var_args(int n, int* vids) {
43 IntVarArgs x(n);

44 for(int i = 0; i < n; i++)

45 x[i] = get_int_var(vids[il);

46 return x;

47 ¥

48

49 /*x*

50 Return an BoolVardrgs of size n, containing the n BoolVars contained in
51 bool_vars at indices wvids.

52 */

53 BoolVarArgs WSpace::bool_var_args(int n, int* vids) {
54 BoolVarArgs x(n);

55 for(int i = 0; i < n; i++)

56 x[i] = get_bool_var(vids[il);

57 return x;

58 }

59

60 /x**

61 Return an IntArgs of stze m, contatining the n values in vals
62 */

63 IntArgs WSpace::int_args(int n, int* vals) {

64 IntArgs c(n);
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65 for(int i = 0; i < n; i++)
66 cli] = vals[il;

67 return c;

68 }

70 /**

71 Return the ezpression int_rel (vid, wval)

72 */

73 BoolVar WSpace::bool_expr_val(int vid, int int_rel, int val) {
74 switch(int_rel) {

75 case B_EQ: return expr (*this, get_int_var(vid) == val);
76 case B_NQ: return expr (*this, get_int_var(vid) != val);
7 case B_LE: return expr (*this, get_int_var(vid) < val);
78 case B_LQ: return expr (*this, get_int_var(vid) <= val);
79 case B_GQ: return expr (*this, get_int_var(vid) >= val);
80 case B_GR: return expr (*this, get_int_var(vid) > val);
81 default:

82 cout << "Wrong expression type in BoolVar creation." << endl;
83 return BoolVar ();

84 }

85 }

86

87 /**

88 Return the ezpression int_rel (vidl, vid2)

89 */

90 BoolVar WSpace::bool_expr_var (int vidl, int int_rel, int vid2) {
91 switch(int_rel) {

92 case B_EQ: return expr (*this, get_int_var(vidl) == get_int_var(vid2));
93 case B_NQ: return expr (*this, get_int_var(vidl) != get_int_var(vid2));
94 case B_LE: return expr (*this, get_int_var(vidl) < get_int_var(vid2));
95 case B_LQ: return expr (*this, get_int_var(vidl) <= get_int_var(vid2));
96 case B_GQ: return expr (*this, get_int_var(vidl) >= get_int_var(vid2));
97 case B_GR: return expr (*this, get_int_var(vidl) > get_int_var(vid2));
98 default:

99 cout << "Wrong expression type in BoolVar creation." << endl;

100 return BoolVar ();

101 }

102 }

103

104

105 //=========================

106 //= Variables and domains =

107 //=========================

108

109 /*x*

110 Add an IntVar to the WSpace ranging from min to mazx.

111 In practice, push a new IntVar at the end of the wvector int_vars.
112 Return the indexz of the IntVar in int_vars

113 */

114 int WSpace::add_intVar (int min, int max) {

115 int_vars.push_back(IntVar (xthis, min, max));

116 return i_size++;

117 }

118

119 /*x*

120 Add an IntVar to the WSpace with domain dom of size s.

121 In practice, push a new IntVar at the end of the wector int_wars.
122 Return the index of the IntVar <in int_vars

123 =/

124 int WSpace::add_intVarWithDom(int s, int* dom) {

125 int_vars.push_back(IntVar (*this, IntSet(dom, s)));

126 return i_size++;

127 }

128

129 /*x*

130 A4dd n IntVars to the WSpace ranging from min to maz.

131 In practice, push n new IntVars at the end of the wvector int_vars.
132 Return the indices of the IntVars in int_wars.

133 */
134 int* WSpace::add_intVarArray(int n, int min, int max) {
135 int* vids = new int[n];
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136 for(int i = 0; i < n; i++)

137 vids [i] this->add_intVar (min, max);
138 return vids;

139 %}

140

141 /**

142 Add n IntVars to the WSpace with domatin dom of size s.
143 In practice, push n new IntVars at the end of the wector int_vars.
144 Return the indices of the IntVars in int_wvars.

145 */

146 int* WSpace::add_intVarArrayWithDom(int n, int s, int* dom) {
147 int* vids = new int[n];

148 for(int i = 0; i < n; i++)

149 vids[i] = this->add_intVarWithDom(s, dom);

150 return vids;

151 %}

152

153 /**

154 Define which variables are to be the solution so they can be accessed to

155 add a constraint with bab

156 */

157 int* WSpace::set_as_solution_variables(int n, int* vids){

158 solution_variable_indexes = vids;

159 return solution_variable_indexes;

160 }

161

162 /*x*

163 Return the number of IntVars in the space.

164 */

165 int WSpace::nvars () {

166 return i_size;

167 }

168

169 /*x*

170 Add a BoolVar to the WSpace ranging from min to mazx.

171 In practice, push a new BoolVar at the end of the wector bool_vars.
172 Return the index of the BoolVar in bool_wars

173 */

174 int WSpace::add_boolVar(int min, int max) {

175 bool_vars.push_back(BoolVar (*this, min, max));

176 return b_size++;

177 }

178

179 /**

180 Add a BoolVar to the WSpace corresponding to the evaluation of int_rel (vid, wval).
181 In practice, push a new BoolVar at the end of the wvector bool_vars.
182 Return the indez of the BoolVar in bool_wars

183 =*/

184 int WSpace::add_boolVar_expr_val(int vid, int int_rel, int val) {
185 bool_vars.push_back(bool_expr_val(vid, int_rel, val));

186 return b_size++;

187 }

188

189 /*x

190 Add a BoolVar to the WSpace corresponding to the ewvaluation of int_rel (vidl, wvid2).
191 In practice, push a nmew BoolVar at the end of the wector bool_vars.
192 Return the indexz of the BoolVar in bool_vars

193 */

194 int WSpace::add_boolVar_expr_var (int vidl, int int_rel, int vid2) {
195 bool_vars.push_back(bool_expr_var (vidl, int_rel, vid2));

196 return b_size++;

197 }

198

199

200 //=======================

201 //= Posting constraints =

202 //=======================

203

204 //=== INTVAR ===

205

206 /*x*
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207 Post a relation constraint between the IntVar denoted by wvid and the wal.

208  */

209 void WSpace::cst_val_rel(int vid, int rel_type, int val) {

210 rel (xthis, get_int_var(vid), (IntRelType) rel_type, val);

211 }

212

213 /*x*

214 Post a relation constratint between the IntVars denoted by vidl and vid2.

215 =/

216 void WSpace::cst_var_rel(int vidl, int rel_type, int vid2) {

217 rel (*this, get_int_var(vidl), (IntRelType) rel_type, get_int_var(vid2));
218 }

219

220 /**

221 Post a relation constraint between the n IntVars denoted by wvids and the wal.
222 */

223 void WSpace::cst_arr_val_rel(int n, int* vids, int rel_type, int val) {

224 rel(xthis, int_var_args(nm, vids), (IntRelType) rel_type, val);

225 }

226

227 /**

228 Post a relation constraint between the n IntVars denoted by wvids and the the IntVar vid.
229 */

230 void WSpace::cst_arr_var_rel(int n, int* vids, int rel_type, int vid) {

231 rel (*this, int_var_args(m, vids), (IntRelType) rel_type, get_int_var(vid));
232 }

233

234 /**

235 Post a relation constraint between the n IntVars denoted by wids.

236 */

237 void WSpace::cst_arr_rel(int n, int* vids, int rel_type) {

238 rel (*this, int_var_args(m, vids), (IntRelType) rel_type);

239

240

241 /**

242 Post a lexicographic relation constraint between the nl IntVars denoted by wvidsl and
243 the n2 IntVars denoted by vids2.

244 */

245 void WSpace::cst_arr_arr_rel(int nl, int* vidsl, int rel_type, int n2, int* vids2) {
246 rel (xthis, int_var_args(ml, vidsl), (IntRelType) rel_type, int_var_args(mn2, vids2));
247 }

248

249 /*x*

250 Post the constraint that all IntVars denoted by vids are distinct

251  */

252 void WSpace::cst_distinct(int n, int* vids) {

253 distinct (*this, int_var_args(n, vids));

254 }

255

256 /**

257 Post the linear constraint [c]*[vids] rel_type wval.

258 */

259 void WSpace::cst_val_linear (int n, int* c, int* vids, int rel_type, int wval) {
260 linear (*this, int_args(mn, c), int_var_args(n, vids), (IntRelType) rel_type, val);
261 }

262

263 /**

264 Post the linear constraint [c]*[vids] rel_type vid.

265 */

266 void WSpace::cst_var_linear (int n, int* c, int* vids, int rel_type, int wvid) {
267 linear (*this, int_args(mn, c), int_var_args(n, vids), (IntRelType) rel_type,
268 get_int_var(vid));

269 }

270

271 /**

272 Post the constraint that [wvidl/ = wid2.

273 */

274 void WSpace::cst_abs(int vidl, int vid2) {

275 abs (xthis, get_int_var(vidl), get_int_var(vid2));

276 }

277
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/**
Post the constaraint that dom(wid) = d.

*/

void WSpace::cst_dom(int vid, int n, int* d) {

}

/**
Post the constraint that vid ts included in {wids/[0], ...,
*/

void WSpace::cst_member (int n, int* vids, int vid) {

}

J**
Post the conmstraint that wvidl / vid2 = vid3.

*/

dom (*this, get_int_var(vid), IntSet(d, n));

member (xthis, int_var_args(n, vids), get_int_var(vid));

void WSpace::cst_div(int vidl, int vid2, int vid3) {
div(*this, get_int_var(vidl), get_int_var(vid2), get_int_var(vid3));

}

/% *
Post the constraint that wvidl % vid2 = vid3.

*/

void WSpace::cst_mod(int vidl, int vid2, int vid3) {
mod (*this, get_int_var(vidl), get_int_var(vid2), get_int_var(vid3));

}

/% *
Post the constraint that widl / vid2 = vid3
and vidl J vid2 = div4

*/

vids[n-1]}

void WSpace::cst_divmod (int vidl, int vid2, int vid3, int vid4) {

}

/% *
Post the constraint that min(vidl, vid2) = vid3.

*/

divmod (*this, get_int_var(vidl), get_int_var(vid2), get_

get_int_var(vid4));

void WSpace::cst_min(int vidl, int vid2, int vid3) {

}

/% *

Post the comnstraint that vid = min(vids).

*/

Gecode::min(*this, get_int_var(vidl), get_int_var(vid2),

void WSpace::cst_arr_min(int n, int* vids, int vid) {
Gecode::min(*this, int_var_args(n, vids), get_int_var(vid));

}

/% *

Post the comnstraint that vid = argmin(vids).

*/

void WSpace::cst_argmin(int n, int* vids, int vid) {
Gecode::argmin (*this, int_var_args(n, vids), get_int_var(vid));

}

/%%
Post the constraint that maz (vidl, wvid2) = wvid3.

*/

void WSpace::cst_max(int vidl, int vid2, int vid3) {

}

/%%

Post the comstraint that vid = maz (vids).

*/

Gecode::max (¥this, get_int_var(vidl), get_int_var(vid2),

void WSpace::cst_arr_max(int n, int* vids, int vid) {

}

Gecode: :max(*this, int_var_args(n, vids), get_int_var(vid));

7

int_var(vid3),

get_int_var(vid3));

get_int_var (vid3));



349

350 /**

351 Post the conmnstraint that vid = argmaz (vids).

352 */

353 void WSpace::cst_argmax(int n, int* vids, int vid) {

354 Gecode::argmax (xthis, int_var_args(n, vids), get_int_var(vid));
355 }

356

357 /**

358 Post the comstratint that wvidl * vid2 = vid3.

359 */

360 void WSpace::cst_mult(int vidl, int vid2, int vid3) {

361 mult (xthis, get_int_var(vidl), get_int_var(vid2), get_int_var(vid3));
362 }

363

364 /**

365 Post the comstraint that sqr(vidl) = vid2.

366 */

367 void WSpace::cst_sqr(int vidl, int vid2) {

368 sqr (xthis, get_int_var(vidl), get_int_var(vid2));

369 }

370

371 /**

372 Post the constraint that sqrt(vidl) = vid2.

373 */

374 void WSpace::cst_sqrt(int vidl, int vid2) {

375 Gecode::sqrt (*xthis, get_int_var(vidl), get_int_var(vid2));
376 }

377

378 /**

379 Post the constraint that pow(vidl, n) = vid2.

380 */

381 void WSpace::cst_pow(int vidl, int n, int vid2) {

382 Gecode::pow (*this, get_int_var(vidl), n, get_int_var(vid2));
383 }

384

385 /**

386 Post the comstraint that nroot(vidl, n) = wvid2.

387  */

388 void WSpace::cst_nroot(int vidl, int n, int vid2) {

389 nroot (¥this, get_int_var(vidl), n, get_int_var(vid2));

390 }

391

392 /*#*

393 Post the constraint that wvid = sum(vids).

394 x/

395 void WSpace::cst_sum(int vid, int n, int* vids) {

396 rel (xthis, get_int_var(vid), IRT_EQ, expr (*this, sum(int_var_args(n, vids))));
397 }

398

399 /*#*

400 Post the comstraint that the number of wariables in vids equal to wall has

401 relation rel_type with val2.

402 */

403 void WSpace::cst_count_val_val(int n, int* vids, int vall, int rel_type, int val2) {

404 count (*this, int_var_args(n, vids), vall, (IntRelType) rel_type, val2);

405 }

406

407 /**

408 Post the constraint that the number of wvariables in vids equal to wal has relation rel_type
409 with wvid.

410 */

411 void WSpace::cst_count_val_var(int n, int* vids, int val, int rel_type, int vid) {

412 count (*this, int._var_args(n, vids), val, (IntRelType) rel_type, get_int_var(vid));

413 }

414

415 /**

416 Post the constraint that the number of wvariables in vids equal to vid has relation rel_type
417  with wval.

418  */

419 void WSpace::cst_count_var_val(int n, int* vids, int vid, int rel_type, int val) {
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420

count (*this, int_var_args(n, vids), get_int_var(vid), (IntRelType) rel_type, val);

421 }

422

423 /*x*

424 Post the constraint that the number of wvariables in vids equal to vidl has

425 relation rel_type with vid2.

426  */

427 void WSpace::cst_count_var_var (int n, int* vids, int vidl, int rel_type, int vid2) {
428 count (xthis, int_var_args(n, vids), vidil, (IntRelType) rel_type, get_int_var(vid2));

429

430

431 /xx

432 Post the constraint that the number of variables in vids in the set set has

433 relation rel_type with val

434 */

435 void WSpace::cst_count_var_set_val(int n, int*vids, int s, int* set, int rel_type, int val){

436 count (*this, int._var_args(n, vids), IntSet(set, s), (IntRelType) rel_type, val);

437 }

438

439 /xx

440 Post the constraint that the number of variables in vids where vars[i] = c[i] and c is an array of integers
441 has rel_type to val

442 */

443 void WSpace::cst_count_array_val(int n, int*vids, int* c, int rel_type, int val){

444 count (*this, int_var_args(m, vids), int.args(n, c), (IntRelType) rel_type, val);

445 }

446

447 /**

448 Post the constraint that the number of distinct walues in the n wvariables denoted by wids
449 has the given rel_type relation with the wariable wvid.

450 */

451 void WSpace::cst_nvalues(int n, int* vids, int rel_type, int wvid) {

452 nvalues (*this, int_var_args(n, vids), (IntRelType) rel_type, get_int_var(vid));
453 }

454

455 /*x*

456 Post the constraint that values of vidsl are the edges of an hamiltonian circuit in
457 the graph formed by the n variables im vidsl, vids2 are the costs of these edges described
458 by ¢, and vid is the total cost of the circuit, i.e. sum(vids2).

459  x/

460 void WSpace::cst_circuit(int n, int* c, int* vidsl, int* vids2, int vid) {

461 circuit (xthis, int_args(n*n, c), int_var_args(m, vidsl), int_var_args(m, vids2),
462 get_int_var(vid));

463 }

464

465 /xx

466 Post the constraint that if there exists j (0 <= j < [x|) such that x[j] = u,

467 then there must exist i with i < j such that x[i] = s

468 */

469 void WSpace::cst_precede(int n, int* vids, int s, int u){

470 precede(*this, int_var_args(n, vids), s, u);

471 }

472

473

474 //=== BOOLVAR ===

475

476 /*x*

477 Post the constratint that vidl bool_op wvid2 = wal.

478  */

479 void WSpace::cst_boolop_val(int vidl, int bool_op, int vid2, int val) {

480 rel (xthis, get_bool_var(vidl), (BoolOpType) bool_op, get_bool_var(vid2), val);
481

482

483 /**

484 Post the constratint that vidl bool_op wvid2 = vtd3.

485 */

486 void WSpace::cst_boolop_var (int vidl, int bool_op, int vid2, int vid3) {

487 rel(xthis, get_bool_var(vidl), (BoolOpType) bool_op, get_bool_var(vid2),

488 get_bool_var(vid3));

489 }

490
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/**
Post a relation constraint between wvtd and wval.
*/
void WSpace::cst_boolrel_val(int vid, int rel_type, int val) {
rel (*this, get_bool_var(vid), (IntRelType) rel_type, val);
}
/**
Post a relation constraint between wvidl and vid2.
*/
void WSpace::cst_boolrel_var(int vidl, int rel_type, int vid2) {
rel (*this, get_bool_var(vidl), (IntRelType) rel_type, get_bool_var(vid2));
}
//
//Branch and bound constraint function =
//
/**

Constrain method for BAB search
This is called everytime the solver finds a solution
This is a virtual method as declared in space_wrapper.h
*/
void WSpace::constrain(const Space& _-b) {
// right now, do nothing

J k%
Post a branching strategy on the wartables in vids, with strategies denoted
by wvar_strategy and val_strategy.
var_strategy:

- 0 : INT_VAR_SIZE MIN()

- 1 : INT_VAR_SIZE RND(r)

- 2 : INT_VAR_DEGREE_MAX()
val_strategy:

- 0 : INT_VALMINQ)
INT_VAL_RND(r)
INT_VAL_SPLIT_MINQ)
INT_VAL_SPLIT_MAX()
INT_VAL_MED ()

S W N e

*/
void WSpace::branch(int n, int* vids, int var_strategy, int val_strategy) {
IntVarBranch var_strat;
IntValBranch val_strat;

Rnd r1(10);
Rnd r2(3U);

//determine the variable strategy
if (var_strategy == 0){

var_strat = INT_VAR_SIZE MINQ);
}

else if(var_strategy == 1){
var_strat = INT_VARRND(r1l);
}

else if (var_strategy == 2){

var_strat = INT_VAR_DEGREE_MAX();
}

//determine the value strategy
if (val_strategy == 0){
val_strat = INT_VAL MIN();

if (val_strategy == 1){
val_strat = INT_VAL_RND(r2);
}

if (val_strategy == 2){
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val_strat = INT_VAL_SPLIT_MINQ);

}

if (val_strategy == 3){
val_strat = INT_VAL_SPLIT_MAX();

if (val_strategy == 4){
val_strat = INT_VAL_MED();
}

Gecode: :branch(*this, int_var_args(n, vids), var_strat, val_strat);

VAZ

Post a branching strategy on the n BoolVars in wvids, with strategies

denoted by war_strategy and val_strategy.

*/

void WSpace::branch_b(int n, int* vids, int var_strategy, int val_strategy) {
Gecode::branch(*this, bool_var_args(m, vids), BOOL_VAR_NONE(),

BOOL_VAL_MIN(Q)); //default for now

}
S e e
//= Search support =
S e e
/%%
Define which wvariable, denoted by wvid, will be considered as the cost.
*/
void WSpace::cost(int vid) {
cost_id = vid;
}

IntVar WSpace::cost(void) const {
return int_vars.at(cost_id);

}

WSpace::WSpace(WSpace& s): IntMinimizeSpace(s), int_vars(s.i_size),
i_size(s.i_size), b_size(s.b_size), cost_id(s.cost_id) {

//IntVars update
vector<IntVar>::iterator itd, its;

for(itd = int_vars.begin(), its = s.int_vars.begin(); itd

its)
itd->update (¥this, *its);

//BoolVars update
vector<BoolVar>::iterator btd, bts;
for(btd = bool_vars.begin(), bts = s.bool_vars.begin();
++bts)
btd->update (*this, #*bts);
}

Space* WSpace::copy(void) {
return new WSpace (*this);

/k*
Return the current wvalues of the wartiable denoted by wvid.
*/
int WSpace::value(int vid) {
return get_int_var(vid).val();

}

/% *

btd

Return the current wvalues of the n wartables denoted by wvids.

*/

int* WSpace::values(int n, int* vids) {
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int* vals = new int[n];
for(int i = 0; i < n; i++)

vals[i] = get_int_var(vids[il]).val();
return vals;

void WSpace::print(int n, int* vids) {
std::cout << "{";
for(int i = 0; i < n; i++) {
std::cout << get_int_var(vids[i]);
if(i < n - 1) std::cout << ", ";
}
std::cout << "}" << std::endl;
}

//
//= Search options managment =

//

// === TIME STOP OBJECT ===

/**
Default constructor

*/

WTimeStop: :WTimeStop(int maxTime) : stop(Gecode::Search::TimeStop(maxTime)) {

stop_ptr = &stop;

661 }
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WTimeStop: : ~WTimeStop () {

}

TimeStop WTimeStop::getStop(){
return stop;
}

TimeStop* WTimeStop::getStopPtr(){
return stop_ptr;
}

/*x
Reset the time value of the time stop object
*/
void WTimeStop::reset(){
stop.reset();
}

// === OPTIONS OBJECT ===

/**
Default constructor
*/
WSearchOptions: :WSearchOptions(){

}

WSearchOptions: : ~WSearchOptions(){

}

Options WSearchOptions::getOpts(){
return opts;
}

/*x
Set the number of threads to use for parallel search

*/
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702 int WSearchOptions::setNbThreads(int nThreads){

703 opts.threads = nThreads;
704 return opts.threads;

705 }

706

707 /*%

708 Set the time stopping mechanism that is to be used during the search to a
709 certain duration in ms

710 Takes a WTimeStop object as argument, and sets the WSearchOptions object’s
711 opts.stop field to the TimeStop pointer of the WTimeStop object
712 */

713 void WSearchOptions::setTimeStop(WTimeStop* timestop){

714 opts.stop = timestop->getStopPtr();

715 }

716

717 //=================

718 //= Search engine =

719 //=========s========

720

721 /*

722 Branch and bound

723 */

724 WbabEngine: :WbabEngine (WSpace* sp, Options opts) {

725 bab = new BAB<WSpace>(sp, opts);

726 }

727

728 WbabEngine::~WbabEngine () {

729 delete bab;

730 }

731

732 /%

733 Search the next solution for this search engine.
734 x/

735 WSpace* WbabEngine::next () {

736 return bab->next () ;

737 }

738

739 /*xx

740 Returns true if the search has been stopped by a search object
741 */

742 int WbabEngine::stopped(){

743 return bab->stopped() ;

744 }

745

746 /*

747 Depth-first search

748 */

749 WdfsEngine::WdfsEngine(WSpace* sp, Options opts) {

750 dfs = new DFS<WSpace>(sp, opts);

751 }

752

753 WdfsEngine:: WdfsEngine () {

754 delete dfs;

755 }

756

75T /%

758 Search the next solution for this search engine.
759  */

760 WSpace* WdfsEngine::next() {

761 return dfs->next () ;

762 }

763

764 /*x

765 Returns true if the search has been stopped by a search object
766 */

767 int WdfsEngine::stopped(){

768 return dfs->stopped();

769 }
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B.1.3 gecode_wrapper.hpp

1 #ifndef gecode_wrapper_hpp

2 #define gecode_wrapper_hpp

3

4 #include <stdlib.h>

5

6 #ifdef __cplusplus

7 extern "C" {

8 #endif

9

10 enum {

11 IRT_EQ,

12 IRT_NQ,

13 IRT_LQ,

14 IRT_LE,

15 IRT_GQ,

16 IRT_GR

17 3},

18

19 enum {

20 BOT_AND ,

21 BOT_OR,

22 BOT_IMP,

23 BOT_EQV,

24 BOT_XOR

25 };

26

27 /**

28 Wraps the WSpace constructor.

29 */

30 void* computation_space();

31

32 /x%

33 Wraps the WSpace add_intVar method.

34 */

35 int add_intVar(void* sp, int min, int max);
36

37 /o

38 Wraps the WSpace add_intVarWithDom method.
39 */

40 int add_intVarWithDom(void* sp, int s, int* dom);
41

42 /**

43 Wraps the WSpace add_intVarArray method.
44 */

45 int* add_intVarArray(void#* sp, int n, int min, int max);
46

AT /*x

48 Wraps the WSpace add_intVarArrayWithDom method.
49 */

50 int* add_intVarArrayWithDom(void* sp, int n, int s, int* dom);
51

52 /*xx

53 Wraps the WSpace set_as_solution_variables method.
54  x/

55 int* set_solution_vars(void* sp, int n, int* vids);
56

57 /x*

58 Wraps the WSpace nvars method.

59  */

60 int nvars(void* sp);

61

62 /**

63 Wraps the WSpace add_boolVar method.

64 */

65 int add_boolVar (void* sp, int min, int max);
66

67 /*x*

68 Wraps the WSpace add_boolVar_ezpr_val method.
69 */
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int add_boolVar_expr_val(void* sp, int vid, int rel_type, int val);

/¥ *
Wraps the WSpace add_boolVar_ezpr_var method.
*/
int add_boolVar_expr_var (void* sp, int vidl, int rel_type, int vid2);
/**
Wraps the WSpace cst_wal_rel method.
*/
void val_rel(void* sp, int vid, int rel_type, int val);
/% *
Wraps the WSpace cst_wvar_relr method.
*/
void var_rel(void* sp, int vidl, int rel_type, int vid2);
/% ¥
Wraps the WSpace cst_arr_val_rel method.
*/
void arr_val_rel(void* sp, int n, int* vids, int rel_type, int val);
/% ¥
Wraps the WSpace cst_arr_var_rel method.
*/
void arr_var_rel(void* sp, int n, int* vids, int rel_type, int vid);
J* ¥
Wraps the WSpace cst_arr_rel method.
*/
void arr_rel(void* sp, int n, int* vids, int rel_type);
/¥ *
Wraps the WSpace cst_arr_arr_rel method.
*/
void arr_arr_rel(void* sp, int nl, int* vidsl, int rel_type, int n2, int* vids2);
/% *
Wraps the WSpace cst_distinct method.
*/
void distinct(void* sp, int n, int* vids);
/% *
Wraps the WSpace cst_wval_linear method.
*/
void val_linear (void* sp, int n, int* c, int* vids, int rel_type, int value);
/% ¥
Wraps the WSpace cst_wvar_linear method.
*/
void var_linear (void* sp, int n, int* c, int* vids, int rel_type, int vid);
VAZ
Wraps the WSpace cst_abs method.
*/
void arithmetics_abs(void* sp, int vidl, int vid2);
J* ¥
Wraps the WSpace acst_div method.
*/
void arithmetics_div(void* sp, int vidl, int vid2, int vid3);
VAE]
Wraps the WSpace cst_var_mod method.
*/
void arithmetics_mod(void* sp, int vidl, int vid2, int vid3);
/% *
Wraps the WSpace cst_divmod method.
*/

void arithmetics_divmod(void* sp, int vidl, int vid2, int vid3, int vid4);
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/%%

Wraps the WSpace cst_min method.

*/
void arithmetics_min(void* sp, int vidl, int vid2, int vid3);
J* ¥

Wraps the WSpace cst_arr_min method.

*/
void arithmetics_arr_min(void* sp, int n, int* vids, int vid);
J ¥ ¥

Wraps the WSpace cst_argmin method.

*/
void arithmetics_argmin(void* sp, int n, int* vids, int vid);
/**

Wraps the WSpace cst_maz method.

*/
void arithmetics_max(void* sp, int vidl, int vid2, int vid3);
/% *

Wraps the WSpace cst_arr_max method.

*/
void arithmetics_arr_max(void* sp, int n, int* vids, int vid);
/%%

Wraps the WSpace cst_argmaxz method.

*/
void arithmetics_argmax(void* sp, int n, int* vids, int vid);
VAZ

Wraps the WSpace cst_mult method.

*/
void arithmetics_mult(void* sp, int vidl, int vid2, int vid3);
J**

Wraps the WSpace cst_sqr method.

*/
void arithmetics_sqr(void* sp, int vidl, int vid2);
/**

Wraps the WSpace cst_sqrt method.

*/
void arithmetics_sqrt(void* sp, int vidl, int vid2);
/**

Wraps the WSpace cst_pow method.

*/
void arithmetics_pow(void* sp, int vidl, int n, int vid2);
/% *

Wraps the WSpace cst_mnroot method.

*/
void arithmetics_nroot(void* sp, int vidl, int n, int vid2);
VAZ

Wraps the WSpace cst_dom method.

*/
void set_dom(void* sp, int vid, int n, int* d);
/% ¥

Wraps the WSpace cst_member method.

*/
void set_member (void* sp, int n, int* vids, int vid);
J* ¥

Wraps the WSpace cst_sum method.

*/

void rel_sum(void* sp, int vid, int n, int* vids);
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/**
Wraps the WSpace cst_count_wal_wval
*/

void count_val_val(void* sp,

method.

int n, intx* vids,

/% *

Wraps the WSpace cst_count_wval_var method.

*/
void count_val_var(void* sp, int n, int* vids,
VAZ

Wraps the WSpace cst_count_var_val method.

*/
void count_var_val(void* sp, int n, int* vids,

J k%
Wraps the WSpace cst_count_var_var
*/

void count_var_var (void* sp,

method .

int n, int* vids,

/**
Wraps the WSpace cst_count_var_set_val method.
*/

void count_var_set_val(void*sp, int n, int* vids, int s,

/**

Wraps the WSpace cst_count_array_val method.

*/
void count_array._val(void* sp, int n, int* vids, int* c,
/**

Wraps the WSpace cst_nvalues method.

*/
void nvalues(void* sp, int n, int* vids,
/ k%

Wraps the WSpace cst_circuit method.

*/
void circuit(void* sp, int n, int* c, int* vidsl,
/*x

Wraps the WSpace cst_precede method.

*/

void precede(void* sp, int n, int* vids, int s, int u);

J**

int rel_type,

int vall, int rel_type, int val2);

int val, int rel_type, int vid);

int vid, int rel_type, int val);

int vidl, int rel_type, int vid2);

int*

set, int rel_type, int val);

int rel_type, int val);

int vid);

int* vids2, int vid);

Wraps the WSpace cst_boolop_val method.

*/
void val_boolop(void* sp, int vidl, int bool_op, int vid2, int val);
J**

Wraps the WSpace cst_boolop_var method.

*/
void var_boolop(void* sp, int vidl, int bool_op, int vid2, int vid3);

/¥ *
Wraps the WSpace cst_boolrel_wval method.
*/

void val_boolrel(void* sp, int vid,

/% *

Wraps the WSpace cst_boolrel_war method.

*/
void var_boolrel(void* sp, int vidl, int rel_type,
/**

Wraps the WSpace branch method.

*/

void branch(void* sp, int n, int* vids,

VAZ

int rel_type,

int var_strategy,

int val);

int vid2);

int val_strategy);
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Wraps the WSpace branch_b method.

*/
void branch_b(void* sp, int n, int* vids,
/¥
Wraps the WSpace cost method.
*/
void cost(void* sp, int vid);
/**
Wraps the WTimeStop constructor.
*/
void* new_time_stop(int maxTime) ;
/*x
Wraps the WTimeStop reset method.
*/

void reset_time_stop(void* tStop);

/*x
Wraps the WSearchOptions constructor.
*/

void* new_search options();

/*x
Wraps the WSearchOptions setNbThreads method.
*/

int set._nb_threads(void* sOpts, int nThreads);

/*x
Wraps the WSearchOptions setTimeStop method.
*/

void* set_time_stop(void* sOpts, void* tStop);

/ k%
Wraps the WbabEngine comstructor.
*/

void* new_bab_engine(void* sp, void* opts);

/ k%
Wraps the WbabEngine next method.
*/

void* bab_next (void* se);

/*x

Wraps the WbabEngine stopped method.
*/

int bab_stopped(void* se);

/**
Wraps the WdfsEngine constructor.
*/

void* new_dfs_engine(void* sp, void* opts);

/¥ *
Wraps the WdfsEngine next method.
*/

void* dfs_next(void* se);

/**

Wraps the WdfsEngine stopped method.
*/

int dfs_stopped(voidx se);

/ k%
Wraps the WSpace destructor.
*/

void release(void* sp);

VAZ

int var_strategy,
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354 Wraps the WSpace value method.

355  */

356 int get_value(void* sp, int vid);

357

358 /**

359 Wraps the WSpace wvalues method.

360 */

361 int* get_values(void* sp, int n, int* vids);
362

363 /**

364 Wraps the WSpace print method.

365 %/

366 void print_vars(void* sp, int n, int* vids);
367

368 #ifdef __cplusplus

369 1};

370 #endif

371 #endif

B.1.4 gecode_wrapper.cpp

1 #include "headers/gecode_wrapper.hpp"

2 #include "headers/space_wrapper.hpp"

3

4 /**

5 Wraps the WSpace constructor.

6 */

7 void* computation_space () {

8 return (void*) new WSpace();

9 }

10

11 /**

12 Wraps the WSpace add_<intVar method.

13 */

14 int add_intVar(void* sp, int min, int max) {

15 return static_cast<WSpace*>(sp)->add_intVar (min, max);
16

17

18 /*x

19 Wraps the WSpace add_intVarWithDom method.

20 */

21 int add_intVarWithDom(void#* sp, int s, int* dom) {

22 return static_cast<WSpace*>(sp)->add_intVarWithDom(s, dom) ;
23 }

24

25 /**

26 Wraps the WSpace add_tintVarArray method.

27 */

28 int* add_intVarArray(void* sp, int n, int min, int max) {

29 return static_cast<WSpacex>(sp)->add_intVarArray(n, min, max);
30 }

31

32 /x%

33 Wraps the WSpace add_intVarArrayWithDom method.

34 x/

35 int* add_intVarArrayWithDom(void* sp, int n, int s, int* dom) {
36 return static_cast<WSpacex*>(sp)->add_intVarArrayWithDom(n, s, dom);
37 }

38

39 /*x

40 Wraps the WSpace set_as_solution_variables method.

41 */

42 int* set_solution_vars(void* sp, int n, intx vids){

43 return static_cast<WSpace*>(sp)->set_as_solution variables(n, vids);
44 }

45

46 /*x*

47 Wraps the WSpace nvars method.

48  */

49 int nvars(void* sp) {
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return static_cast<WSpacex*>(sp)->nvars();

}

/% *
Wraps the WSpace add_boolVar method.
*/
int add_boolVar(void* sp, int min, int max) {
return static_cast<WSpace*>(sp)->add_boolVar (min, max);

}

/ k%
Wraps the WSpace add_boolVar_ezpr_val method.
*/
int add_boolVar_expr_val(void* sp, int vid, int rel_type, int val) {
return static_cast<WSpace*>(sp)->add_boolVar_expr_val(vid, rel_type, val);

}

/ k%
Wraps the WSpace add_boolVar_ezpr_var method.
*/
int add_boolVar_expr_var (void* sp, int vidl, int rel_type, int vid2) {
return static_cast<WSpace*>(sp)->add_boolVar_expr_var(vidl, rel_type, vid2);

}

/ k%
Wraps the WSpace cst_wval_rel method.
*/
void val_rel(void* sp, int vid, int rel_type, int val) {
return static_cast<WSpace*>(sp)->cst_val_rel(vid, rel_type, val);

}

J k%
Wraps the WSpace cst_wvar_relr method.
*/
void var_rel(void* sp, int vidl, int rel_type, int vid2) {
return static_cast<WSpacex>(sp)->cst_var_rel(vidl, rel_type, vid2);

}

/% ¥
Wraps the WSpace cst_arr_val_rel method.
*/
void arr_val_rel(void* sp, int n, int* vids, int rel_type, int val) {
return static_cast<WSpacex>(sp)->cst_arr_val_rel(n, vids, rel_type, val);

}

VTS
Wraps the WSpace cst_arr_var_rel method.
*/
void arr_var_rel(void* sp, int n, int* vids, int rel_type, int vid) {
return static_cast<WSpacex>(sp)->cst_arr_var_rel(n, vids, rel_type, vid);

}

J k%
Wraps the WSpace cst_arr_rel method.
*/
void arr_rel(void* sp, int n, int* vids, int rel_type) {
return static_cast<WSpacex*>(sp)->cst_arr_rel(n, vids, rel_type);

}

VTS
Wraps the WSpace cst_arr_arr_rel method.

*/

void arr_arr_rel(void* sp, int nl, int* vidsl, int rel_type, int n2, int* vids2) {
return static_cast<WSpacex>(sp)->cst_arr_arr_rel(nl, vidsl, rel_type, n2, vids2);

}

J* ¥
Wraps the WSpace cst_distinct method.
*/
void distinct(void* sp, int n, int* vids) {
return static_cast<WSpace*>(sp)->cst_distinct(n, vids);
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}

/¥ *
Wraps the WSpace cst_wval_linear method.
*/

void val_linear (void* sp, int n, int* c,

int* vids,

int rel_type,

return static_cast<WSpacex>(sp)->cst_val_linear(n, c, vids,

}

/**
Wraps the WSpace cst_wvar_linear method.
*/

void var_linear (void* sp, int n, int* c,

int* vids,

int rel_type,

return static_cast<WSpacex>(sp)->cst_var_linear(n, c, vids,

}

/**
Wraps the WSpace cst_abs method.
*/

void arithmetics_abs(void* sp, int vidil,

int vid2)

return static_cast<WSpace*>(sp)->cst_abs(vidl,

}

/**
Wraps the WSpace acst_div method.
*/

void arithmetics_div(void* sp, int vidil,

int vid2,

return static_cast<WSpace*>(sp)->cst_div(vidl,

}

/**
Wraps the WSpace cst_mod method.
*/

void arithmetics_mod(void* sp, int vidl,

int vid2,

return static_cast<WSpacex>(sp)->cst_mod(vidl,

}

/k*
Wraps the WSpace cst_divmod method.
*/

void arithmetics_divmod(void* sp, int vidil,

{
vid2);

int vid3) {
vid2, vid3);

int vid3) {
vid2, vid3);

int vid2, int vid3,

rel_type,

rel_type,

int vid4)

return static_cast<WSpace*>(sp)->cst_divmod(vidl, vid2, vid3, vid4);

}

/k*
Wraps the WSpace cst_min method.
*/

void arithmetics_min(void* sp, int vidl,

int vid2,

return static_cast<WSpacex>(sp)->cst_min(vidl,

}

/k*
Wraps the WSpace cst_arr_min method.
*/

void arithmetics_arr_min(voidx* sp, int n,

int* vids

return static_cast<WSpace*>(sp)->cst_arr_min(n,

}

/ k%
Wraps the WSpace cst_argmin method.
*/

void arithmetics_argmin(void* sp, int n,

int* vids,

return static_cast<WSpacex>(sp)->cst_argmin(n,

}

/ k%
Wraps the WSpace cst_maxz method.
*/

void arithmetics_max(void* sp, int vidl,

int vid2,

return static_cast<WSpace*>(sp)->cst_max(vidl,

}
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192

193 /*x*

194 Wraps the WSpace cst_arr_maz method.

195 */

196 void arithmetics_arr_max(void* sp, int n, int* vids, int vid) {
197 return static_cast<WSpace*>(sp)->cst_arr_max(n, vids, vid);
198 }

199

200 /**

201 Wraps the WSpace cst_argmaz method.

202 */

203 void arithmetics_argmax(void* sp, int n, int* vids, int vid) {
204 return static_cast<WSpacex*>(sp)->cst_argmax(n, vids, vid);
205 }

206

207 /**

208 Wraps the WSpace cst_mult method.

209 */

210 void arithmetics_mult(void* sp, int vidl, int vid2, int vid3) {
211 return static_cast<WSpace*>(sp)->cst_mult(vidl, vid2, vid3);
212 }

213

214 /**

215 Wraps the WSpace cst_sqr method.

216 */

217 void arithmetics_sqr(void* sp, int vidl, int vid2) {

218 return static_cast<WSpace*>(sp)->cst_sqr(vidl, vid2);

219 }

220

221 /**

222 Wraps the WSpace cst_sqrt method.

223 */

224 void arithmetics_sqrt(void* sp, int vidl, int vid2) {

225 return static_cast<WSpacex>(sp)->cst_sqrt(vidl, vid2);

226 }

227

228 /**

229 Wraps the WSpace cst_pow method.

230 */

231 void arithmetics_pow(void* sp, int vidl, int n, int vid2) {
232 return static_cast<WSpace*>(sp)->cst_pow(vidl, n, vid2);
233 }

234

235 /**

236 Wraps the WSpace cst_nroot method.

237 */

238 void arithmetics_nroot(void* sp, int vidl, int n, int vid2) {
239 return static_cast<WSpace*>(sp)->cst_nroot(vidl, n, vid2);
240 }

241

242 /**

243 Wraps the WSpace cst_dom method.

244  x/

245 void set_dom(void* sp, int vid, int n, int*x d) {

246 return static_cast<WSpace*>(sp)->cst_dom(vid, n, d);

247 '}

248

249 /**

250 Wraps the WSpace cst_member method.

251  */

252 void set_member (void* sp, int n, int* vids, int vid) {

253 return static_cast<WSpace*>(sp)->cst_member(n, vids, vid);
254 }

255

256 /**

257 Wraps the WSpace cst_sum method.

258  */

259 void rel_sum(void* sp, int vid, int n, int* vids) {

260 return static_cast<WSpace*>(sp)->cst_sum(vid, n, vids);
261 }

262
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/**

Wraps the WSpace cst_count_wval_val method.

*/
void count_val_val(void* sp, int n, int* vids, int vall, int rel_type, int val2) {
return static_cast<WSpace*>(sp)->cst_count_val_val(n, vids, vall, rel_type, val2);
}
/**
Wraps the WSpace cst_count_wval_wvar method.
*/
void count_val_var(void* sp, int n, int* vids, int val, int rel_type, int vid) {
return static_cast<WSpacex*>(sp)->cst_count_val_var(n, vids, val, rel_type, vid);
}
/**
Wraps the WSpace cst_count_wvar_val method.
*/

void count_var_val(void* sp, int n, int* vids, int vid, int rel_type, int val) {

return static_cast<WSpace*>(sp)->cst_count_var_val(n, vids, vid, rel_type, val);
}
/% *
Wraps the WSpace cst_count_wvar_var method.
*/

void count_var_var(void* sp, int n, int* vids, int vidl, int rel_type, int vid2) {
return static_cast<WSpace*>(sp)->cst_count_var_var(n, vids, vidl, rel_type, vid2);
}
/*%*
Wraps the WSpace cst_count_var_set_val method.
*/

void count_var_set_val(void*sp, int n, int* vids, int s, int* set, int rel_type, int val){
return static_cast<WSpace*>(sp)->cst_count_var_set_val(n, vids, s, set, rel_type, val);

/*x
Wraps the WSpace cst_count_array.val method.
*/

void count_array_val(void* sp, int n, int* vids, int* c, int rel_type, int val){

return static_cast<WSpace#*>(sp)->cst_count_array.-val(n, vids, c, rel_type, val);
}
/% *
Wraps the WSpace cst_nvalues method.
*/

void nvalues(void* sp, int n, int* vids, int rel_type, int vid) {

return static_cast<WSpace*>(sp)->cst_nvalues(n, vids, rel_type, vid);
}
/%%
Wraps the WSpace cst_circuit method.
*/

void circuit(void* sp, int n, int* c, int* vidsl, int* vids2, int vid) {
return static_cast<WSpace*>(sp)->cst_circuit(n, c, vidsl, vids2, vid);
}
/*%
Wraps the WSpace cst_precede method
*/

void precede(void* sp, int n, int* vids, int s, int u){
return static_cast<WSpace*>(sp)->cst_precede(n, vids, s, u);
}
/% ¥
Wraps the WSpace cst_boolop_val method.
*/
void val_boolop(void* sp, int vidl, int bool_op, int vid2, int val) {
return static_cast<WSpacex*>(sp)->cst_boolop_val(vidl, bool_op, vid2, val);
}
VAZ
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Wraps the WSpace cst_boolop_var method.
*/
void var_boolop(void* sp, int vidl, int bool_op, int vid2, int vid3) {
return static_cast<WSpace*>(sp)->cst_boolop_var(vidl, bool_op, vid2, vid3);

}

J k%
Wraps the WSpace cst_boolrel_val method.
*/

void val_boolrel(void* sp, int vid, int rel_type, int val) {
return static_cast<WSpacex*>(sp)->cst_boolrel_val(vid, rel_type, val);
}
/¥ *
Wraps the WSpace cst_boolrel_var method.
*/
void var_boolrel(void* sp, int vidl, int rel_type, int vid2) {
return static_cast<WSpace*>(sp)->cst_boolrel_var(vidl, rel_type, vid2);
}
/¥ ok
Wraps the WSpace branch method.
*/
void branch(void#* sp, int n, int* vids, int var_strategy, int val_strategy) {
return static_cast<WSpace*>(sp)->branch(n, vids, var_strategy, val_strategy);
}
/¥
Wraps the WSpace branch_b method.
*/

void branch_b(void* sp, int n, int* vids, int var_strategy, int val_strategy) {
return static_cast<WSpace*>(sp)->branch_b(n, vids, var_strategy, val_strategy);

}

/**
Wraps the WSpace cost method.
*/
void cost(void* sp, int vid) {
return static_cast<WSpace*>(sp)->cost(vid);

}

/**
Wraps the WTimeStop constructor.
*/
void* new_time_stop(int maxTime){
return (void*) new WTimeStop(maxTime) ;
}

/**
Wraps the WTimeStop reset method.
*/
void reset_time_stop(void* tStop){
WTimeStop* _tStop = static_cast<WTimeStop*>(tStop);

_tStop->reset () ;
}
/*x
Wraps the WSearchOptions constructor.
*/

void* new_search_options(){
return (void*) new WSearchOptions();

/*x
Wraps the WSearchOptions setNbThreads method.
*/
int set_nb_threads(void* sOpts, int nThreads){
return static_cast<WSearchOptions*>(sOpts)->setNbThreads(nThreads) ;
}

/**
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Wraps the WSearchOptions setTimeStop method.

Returns the options object passed as an argument as a void pointer

*/

void* set_time_stop(void* sOpts, void* tStop){

WTimeStop* _tStop = static_cast<WTimeStop*>(tStop);
WSearchOptions* _sOpts = static_cast<WSearchOptions*>(sOpts);
_sOpts->setTimeStop(_tStop) ;
return (void*) _sOpts;

}
VAZ

Wraps the WbabEngine comstructor.
*/
void* new_bab_engine(void* sp, void* opts) {
WSpace* _sp = static_cast<WSpacex*>(sp);
WSearchOptions* _opts = static_cast<WSearchOptions*>(opts);
return (void*) new WbabEngine(_sp, -opts->getOpts());
}

/% ¥
Wraps the WbabEngine next method.
*/
void* bab_next (void* se) {
return (void*) static_cast<WbabEnginex*>(se)->next();

}

/*x
Wraps the WbabEngine stopped method.
*/
int bab_stopped(void* se){
return static_cast<WbabEngine*>(se)->stopped();
}

/**
Wraps the WdfsEngine comstructor.
*/
void* new.dfs_engine(void* sp, void* opts) {
WSpace* _sp = static_cast<WSpacex*>(sp);
WSearchOptions* _opts = static_cast<WSearchOptions*>(opts);
return (void*) new WdfsEngine(_sp, -opts->getOpts());
}

/% *
Wraps the WdfsEngine next method.
*/
void* dfs_next(void* se) {
return (void*) static_cast<WdfsEnginex*>(se)->next();

}

/*x
Wraps the WdfsEngine stopped method.
*/
int dfs_stopped(void* se){
return static_cast<WdfsEngine*>(se)->stopped();
}

J k%
Wraps the WSpace destructor.
*/
void release(void* sp) {
delete static_cast<WSpacex*>(sp);
}

/ k%
Wraps the WSpace wvalue method.
*/
int get_value(void* sp, int vid) {
return static_cast<WSpace*>(sp)->value(vid);

}

VAZ
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Wraps the WSpace wvalues method.
*/

int* get_values(void* sp, int n, int* vids) {

return static_cast<WSpacex*>(sp)->values(n, vids);
}
J k%
Wraps the WSpace print method.
*/
void print_vars(void* sp, int n, int* vids) {

return static_cast<WSpacex>(sp)->print(n, vids);

}

B.2 Lisp Wrapper

The Lisp wrapper is made of two files :

e gecode-wrapper.lisp that calls the functions from the external library via CFFI. It is the lower level
of the gecode-wrapper.

e gecode-wrapper-ui.lisp that wraps the CFFI function calls to make the function calls more user-
friendly

The following sections show the content of these files.
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B.2.1 gecode-wrapper.lisp

(cl:defpackage "gil"
(:nicknames "GIL")
(:use common-lisp :cl-user :cl :cffi))

(in-package :gil)

(cffi::defcfun ("computation_space" new-space) :pointer
"Create a new computation space."

)

(cffi::defcfun ("add_intVar" add-int-var-low) :int
"Add an IntVar ranging from min to max to the specified space. Return the reference of
this variable for this space."
(sp :pointer)
(min :int)
(max :int)

(cffi::defcfun ("add_intVarWithDom" add-int-var-dom-aux) :int
"Add an IntVar with domain dom of size s to the specified space. Return the reference of
this variable for this space."
(sp :pointer)
(s :int)
(dom :pointer)

(defun add-int-var-dom-low (sp dom)
"Add an IntVar with domain dom to the specified space. Return the reference of this
variable for this space."
(let ((x (cffi::foreign-alloc :int :initial-contents dom)))
(add-int-var-dom-aux sp (length dom) x))

(cffi::defcfun ("add_intVarArray" add-int-var-array-aux) :pointer
"Add n IntVar ranging from min to max to the specified space."
(sp :pointer)
(n :int)
(min :int)
(max :int)

(defun add-int-var-array-low (sp n min max)
"Add n IntVar ranging from min to max to the specified space. Return the references of
those variables for this space"
(let ((p (add-int-var-array-aux sp n min max)))
(loop for i from O below n
collect (cffi::mem-aref p :int i)))

(cffi::defcfun ("add_intVarArrayWithDom" add-int-var-array-dom-aux) :pointer
"Add n IntVar with domain dom of size s to the specified space."
(sp :pointer)
(n :int)
(s :int)
(dom :pointer)

(defun add-int-var-array-dom-low (sp n dom)
"Add n IntVar with domain dom to the specified space. Return the references of those
variables for this space"
(let ((x (cffi::foreign-alloc :int :initial-contents dom))
p)
(setq p (add-int-var-array-dom-aux sp n (length dom) x))
(loop for i from O below n
collect (cffi::mem-aref p :int 1i)))

(cffi::defcfun ("set_solution_vars" set-solution-vars-aux) :pointer
(sp :pointer)
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(n :int)
(vids :pointer)

)

(defun set-solution-vars (sp vids)
(let ((x (cffi::foreign-alloc :int :initial-contents vids))
p)
(setq p (set-solution-vars-aux sp (length vids) x))
(loop for i from O below (length vids)
collect (cffi::mem-aref p :int i))

)

(cffi::defcfun ("nvars" nvars) :int
"Return the number of variables in the space."
(sp :pointer)

)

;IntVar relation flags

(defparameter gil::IRT_EQ 0) ; equality relation
(defparameter gil::IRT_NQ 1) ; inequality
(defparameter gil::IRT_LQ 2) ; Less or equal
(defparameter gil::IRT_LE 3) ; Strictly lower
(defparameter gil::IRT_GQ 4) ; Greater or equal
(defparameter gil::IRT_GR 5) ; Strictly greater

(cffi::defcfun ("add_boolVar" add-bool-var-range) :int

"Add a BoolVar ranging from 1 to h. Return the index to this BoolVar."

(sp :pointer)
(1 :int)
(h :int)

)

(cffi::defcfun ("add_boolVar_expr_val" add-bool-var-expr-val)
"Add a BoolVar corresponding to the evalueation of rel-type(vid,

(sp :pointer)
(vid :int)
(rel-type :int)
(val :int)

)

(cffi::defcfun ("add_boolVar_expr_var" add-bool-var-expr-var)
"Add a BoolVar corresponding to the evalueation of rel-type(vidil,

(sp :pointer)
(vidl :int)
(rel-type :int)
(vid2 :int)

)

(cffi::defcfun ("val_rel" val-rel) :void
"Post a variable/value rel constraint."
(sp :pointer)
(vid :int)
(rel-type :int)
(val :int)

)

(cffi::defcfun ("var_rel" var-rel) :void
"Post a variable/variable rel constraint."
(sp :pointer)
(vidl :int)
(rel-type :int)
(vid2 :int)
)

(cffi::defcfun ("arr_val_rel" arr-val-rel-aux) :void
"Post a variable-array/value rel constraint."
(sp :pointer)
(n :int)
(vids :pointer)
(rel-type :int)
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(val :int)
)

(defun arr-val-rel (sp vids rel-type val)
"Post a variable-array/value rel constraint."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(arr-val-rel-aux sp (length vids) x rel-type val))
)

(cffi::defcfun ("arr_var_rel" arr-var-rel-aux) :void
"Post a variable-array/variable rel constraint."
(sp :pointer)
(n :int)
(vids :pointer)
(rel-type :int)
(vid :int)

)

(defun arr-var-rel (sp vids rel-type vid)
"Post a variable-array/variable rel constraint."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(arr-var-rel-aux sp (length vids) x rel-type vid))

)

(cffi::defcfun ("arr_rel" arr-rel-aux) :void
"Post a variable-array rel constraint."
(sp :pointer)
(n :int)
(vids :pointer)
(rel-type :int)

)

(defun arr-rel (sp vids rel-type)
"Post a variable-array rel constraint."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(arr-rel-aux sp (length vids) x rel-type))
)

(cffi::defcfun ("arr_arr_rel" arr-arr-rel-aux) :void
"Post a variable-array/variable-array rel constraint."
(sp :pointer)
(n1 :int)
(vidsl :pointer)
(rel-type :int)
(n2 :int)
(vids2 :pointer)

)

(defun arr-arr-rel (sp vidsl rel-type vids2)
"Post a variable-array/variable-array rel constraint."
(let ((x (cffi::foreign-alloc :int :initial-contents vidsl))
(y (cffi::foreign-alloc :int :initial-contents vids2)))
(arr-arr-rel-aux sp (length vidsl) x rel-type (length vids2) y))
)

(cffi::defcfun ("distinct" distinct-aux) :void
"Post a distinct constraint on the n variables denoted in vids."
(sp :pointer)
(n :int)
(vids :pointer)

)

(defun distinct (sp vids)
"Post a distinct constraint on the variables denoted in vids."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(distinct-aux sp (length vids) x))
)

(cffi::defcfun ("val_linear" val-linear-aux) :void
"Post a linear equation constraint."
(sp :pointer)
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207 (n :int)

208 (c :pointer)

209 (vids :pointer)

210 (rel-type :int)

211 (val :int)

212 )

213

214 (defun val-linear (sp coeffs vars rel-type value)

215 "Post a linear equation constraint. coeffs and vars must have the same number of
elements."

216 (let ((c (cffi::foreign-alloc :int :initial-contents coeffs))

217 (x (cffi::foreign-alloc :int :initial-contents vars)))

218 (val-linear-aux sp (length coeffs) c x rel-type value))

219 )

220

221 (cffi::defcfun ("var_linear" var-linear-aux) :void

222 "Post a linear equation constraint."

223 (sp :pointer)

224 (n :int)

225 (c :pointer)

226 (vids :pointer)

227 (rel-type :int)

228 (vid :int)

229 )

230

231 (defun var-linear (sp coeffs vars rel-type vid)

232 "Post a linear equation constraint. coeffs and vars must have the same number of
elements."

233 (let ((c (cffi::foreign-alloc :int :initial-contents coeffs))

234 (x (cffi::foreign-alloc :int :initial-contents vars)))

235 (var-linear-aux sp (length coeffs) c x rel-type vid))

236 )

237

238 (cffi::defcfun ("arithmetics_abs" ge-abs) :void

239 "Post the constraint that |vidl| = vid2."

240 (sp :pointer)

241 (vidl :int)

242 (vid2 :int)

243 )

244

245 (cffi::defcfun ("arithmetics_div" ge-div) :void

246 "Post the constraint that vid3 = vidl/vid2."

247 (sp :pointer)

248 (vidl :int)

249 (vid2 :int)

250 (vid3 :int)

251 )

252

253 (cffi::defcfun ("arithmetics_mod" var-mod) :void

254 "Post the constraint that vidl % vid2 = vid3."

255 (sp :pointer)

256 (vidl :int)

257 (vid2 :int)

258 (vid3 :int)

259 )

260

261 (cffi::defcfun ("arithmetics_divmod" ge-divmod) :void

262 "Post the constraint that vid3 = vidl/vid2 and vid4 = vidl % vid2."

263 (sp :pointer)

264 (vidl :int)

265 (vid2 :int)

266 (vid3 :int)

267 (vid4 :int)

268 )

269

270 (cffi:defcfun ("arithmetics_min" ge-min) :void

271 "Post the constraint that vid3 = min(vidl, vid2)."

272 (sp :pointer)

273 (vidl :int)

274 (vid2 :int)

275 (vid3 :int)
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)

(cffi:defcfun ("arithmetics_arr_min" ge-arr-min-aux) :void
"Post the constraint that vid = min(vids)."
(sp :pointer)
(n :int)

(vids :pointer)
(vid :int)
)

(defun ge-arr-min (sp vid vids)
"Post the constraint that vid = min(vids)."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(ge-arr-min-aux sp (length vids) x vid))

)

(cffi:defcfun ("arithmetics_argmin" ge-argmin-aux) :void
"Post the constraint that vid = argmin(vids)."
(sp :pointer)
(n :int)

(vids :pointer)
(vid :int)
)

(defun ge-argmin (sp vids vid)
"Post the constraint that vid = argmin(vids)."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(ge-argmin-aux sp (length vids) x vid))

)

(cffi:defcfun ("arithmetics_max" ge-max) :void
"Post the constraint that vid3 = max(vidl, vid2)."
(sp :pointer)
(vidl :int)
(vid2 :int)
(vid3 :int)

)

(cffi:defcfun ("arithmetics_arr_max" ge-arr-max-aux) :void
"Post the constraint that vid = max(vids)."
(sp :pointer)
(n :int)

(vids :pointer)
(vid :int)
)

(defun ge-arr-max (sp vid vids)
"Post the constraint that vid = max(vids)."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(ge-arr-max-aux sp (length vids) x vid))

)

(cffi:defcfun ("arithmetics_argmax" ge-argmax-aux) :void
"Post the constraint that vid = argmax(vids)."
(sp :pointer)
(n :int)

(vids :pointer)
(vid :int)
)

(defun ge-argmax (sp vids vid)
"Post the constraint that vid = argmax(vids)."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(ge-argmax-aux sp (length vids) x vid))
)

(cffi:defcfun ("arithmetics_mult" ge-mult) :void
"Post the constraint that vid3 = vidl * vid2."
(sp :pointer)
(vidl :int)
(vid2 :int)
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347 (vid3 :int)

348 )

349

350 (cffi:defcfun ("arithmetics_sqr" ge-sqr) :void

351 "Post the constraint that vid2 = vidi1i~2."

352 (sp :pointer)

353 (vidl :int)

354 (vid2 :int)

355 )

356

357 (cffi:defcfun ("arithmetics_sqrt" ge-sqrt) :void
358 "Post the constraint that vid2 = vid1~(1/2)."
359 (sp :pointer)

360 (vidl :int)

361 (vid2 :int)

362 )

363

364 (cffi:defcfun ("arithmetics_pow" ge-pow) :void

365 "Post the constraint that vid2 = vidi~n."

366 (sp :pointer)

367 (vidl :int)

368 (n :int)

369 (vid2 :int)

370 )

371

372 (cffi:defcfun ("arithmetics_nroot" ge-nroot) :void
373 "Post the constraint that vid2 = vidi1~(1/n)."
374 (sp :pointer)

375 (vidl :int)

376 (n :int)

377 (vid2 :int)

378 )

379

380 (cffi::defcfun ("set_dom" set-dom-aux) :void

381 "Post the constraint that dom(vid) = domain of size n."
382 (sp :pointer)

383 (vid :int)

384 (n :int)

385 (domain :pointer)

386 )

387

388 (defun set-dom (sp vid domain)

389 "Post the constraint that dom(vid) = domain."
390 (let ((x (cffi::foreign-alloc :int :initial-contents domain)))
391 (set-dom-aux sp vid (length domain) x))
392 )

393

394 (cffi::defcfun ("set_member" set-member-aux) :void
395 "Post the constraint that vid is a member vids."
396 (sp :pointer)

397 (n :int)

398 (vids :pointer)

399 (vid :int)

400 )

401

402 (defun set-member (sp vids vid)

403 "Post the constraint that vid is a member vids."
404 (let ((x (cffi::foreign-alloc :int :initial-contents vids)))
405 (set-member-aux sp (length vids) x vid))
406 )

407

408 (cffi::defcfun ("rel_sum" rel-sum-aux) :void

409 "Post the constraint that vid = sum(vids). n is the number of vars in vids."
410 (sp :pointer)

411 (vid :int)

412 (n :int)

413 (vids :pointer)

414 )

415

416 (defun rel-sum (sp vid vids)

417 "Post the constraint that vid = sum(vids)."
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(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(rel-sum-aux sp vid (length vids) x))

)

(cffi::defcfun ("count_val_val" count-val-val-aux) :void
"Post the constraint that the number of variables in vids equal to
rel-type with val2."
(sp :pointer)
(n :int)
(vids :pointer)
(vall :int)
(rel-type :int)
(val2 :int)
)

(defun count-val-val (sp vids vall rel-type val2)
"Post the constraint that the number of variables in vids equal to
rel-type with val2."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(count-val-val-aux sp (length vids) x vall rel-type val2))
)

(cffi::defcfun ("count_val_var" count-val-var-aux) :void
"Post the constraint that the number of variables in vids equal to
rel-type with vid."
(sp :pointer)
(n :int)
(vids :pointer)
(val :int)
(rel-type :int)
(vid :int)
)

(defun count-val-var (sp vids val rel-type vid)
"Post the constraint that the number of variables in vids equal to
rel-type with vid."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(count-val-var-aux sp (length vids) x val rel-type vid))

)

(cffi::defcfun ("count_var_val" count-var-val-aux) :void
"Post the constraint that the number of variables in vids equal to
rel-type with val."
(sp :pointer)
(n :int)
(vids :pointer)
(vid :int)
(rel-type :int)
(val :int)
)

(defun count-var-val (sp vids vid rel-type val)
"Post the constraint that the number of variables in vids equal to
rel-type with val."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(count-var-val-aux sp (length vids) x vid rel-type val))

)

(cffi::defcfun ("count_var_var" count-var-var-aux) :void
"Post the constraint that the number of variables in vids equal to
rel-type with vid2."
(sp :pointer)
(n :int)
(vids :pointer)
(vidl :int)
(rel-type :int)
(vid2 :int)
)

(defun count-var-var (sp vids vidl rel-type vid2)
"Post the constraint that the number of variables in vids equal to
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489
490
491
492
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495
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rel-type with vid2."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(count-var-var-aux sp (length vids) x vidl rel-type vid2))

)

(cffi::defcfun ("count_var_set_val" count-var-set-val-aux) :void
"Post the constraint that the number of variables in vids belonging to the set set has relation rel-type
with val."
(sp :pointer)
(n :int)
(vids :pointer)
(s :int)
(s-set :pointer)
(rel-type :int)
(val :int)
)

(defun count-var-set-val (sp vids s-set rel-type val)
"Post the constraint that the number of variables in vids belonging to the set set has relation rel-type
with val."
(let ((x (cffi::foreign-alloc :int :initial-contents vids))
(y (cffi::foreign-alloc :int :initial-contents s-set)))
(count-var-set-val-aux sp (length vids) x (length s-set) y rel-type val))
)

(cffi::defcfun ("count_array val" count-array-val-aux) :void
(sp :pointer)
(n :int)
(vids :pointer)
(c :pointer)
(rel-type :int)
(val :int)
)

(defun count-array-val (sp vids c rel-type val)
"Post the constraint that the number of times that vars[i] = c[i] is equal to val"
(let ((x (cffi::foreign-alloc :int :initial-contents vids))
(y (cffi::foreign-alloc :int :initial-contents c)))
(count-array-val-aux sp (length vids) x y rel-type val))
)

(cffi::defcfun ("nvalues" nvalues-aux) :void
"Post the constraint the number of distinct values in the n variables denoted by vids
has the given rel-type relation with the variable vid."
(sp :pointer)
(n :int)
(vids :pointer)
(rel-type :int)
(vid :int)
)

(defun nvalues (sp vids rel-type vid)
"Post the constraint the number of distinct values in the n variables denoted by vids
has the given rel-type relation with the variable vid."
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(nvalues-aux sp (length vids) x rel-type vid))
)

(cffi::defcfun ("circuit" hcircuit-aux) :void
"Post the constraint that values of vidsl are the edges of an hamiltonian circuit in
the graph formed by the n variables in vidsl, vids2 are the costs of these edges
described
by ¢, and vid is the total cost of the circuit, i.e. sum(vids2)."
(sp :pointer)
(n :int)
(c :pointer)
(vidsl :pointer)
(vids2 :pointer)
(vid :int)
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(defun hcircuit (sp c vidsl vids2 vid)
"Post the constraint that values of vidsl are the edges of an hamiltonian circuit in
the graph formed by the variables in vidsl, vids2 are the costs of these edges described
by c, and vid is the total cost of the circuit, i.e. sum(vids2)."
(let ((costs (cffi::foreign-alloc :int :initial-contents c))
(x (cffi::foreign-alloc :int :initial-contents vidsl))
(y (cffi::foreign-alloc :int :initial-contents vids2)))
(hcircuit-aux sp (length vidsl) costs x y vid))
)

(cffi::defcfun ("precede" precede-aux) :void
"Post the constraint that if there exists j (0 <= j < [|x|) such that x[j] = u,
then there must exist i with i < j such that x[i] = s"
(sp :pointer)

(n :int)
(vids :pointer)
(s :int)
(u :int)

)

(defun precede (sp vids s u)
"Post the constraint that if there exists j (0 <= j < |x|) such that x[j] = u,
then there must exist i with i < j such that x[i] = s"
(let ((x (cffi::foreign-alloc :int :initial-contents vids)))
(precede-aux sp (length vids) x s u)

)
)
;BoolVar operation flags
(defparameter gil::BOT_AND O0) ; logical and
(defparameter gil::BOT_OR 1) ; logical or
(defparameter gil::BOT_IMP 2) ; logical implication
(defparameter gil::BOT_EQV 3) ; logical equivalence
(defparameter gil::BOT_XOR 4) ; logical ezclusive or

(cffi::defcfun ("val_boolop" val-bool-op) :void
"Post the constraint that val = bool-op(vidl, vid2)."
(sp :pointer)
(vidl :int)
(bool-op :int)
(vid2 :int)
(val :int)
)

(cffi::defcfun ("var_boolop" var-bool-op) :void
"Post the constraint that vid3 = bool-op(vidl, vid2)."
(sp :pointer)
(vidl :int)
(bool-op :int)
(vid2 :int)
(vid3 :int)
)

(cffi::defcfun ("val_boolrel" val-bool-rel) :void
"Post boolean rel constraint."
(sp :pointer)
(vid :int)
(rel-type :int)
(val :int)
)

(cffi::defcfun ("var_boolrel" var-bool-rel) :void
"Post boolean rel constraint."
(sp :pointer)
(vidl :int)
(rel-type :int)
(vid2 :int)
)

(cffi::defcfun ("branch" branch-aux) :void
"Post branching on the n IntVars denoted by vids."
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630 (sp :pointer)

631 (n :int)

632 (vids :pointer)

633 (var-strat :int)

634 (val-strat :int)

635 )

636

637 (defun branch (sp vids var-strat val-strat)

638 "Post branching on the IntVars denoted by vids."

639 (let ((x (cffi::foreign-alloc :int :initial-contents vids)))
640 (branch-aux sp (length vids) x var-strat val-strat))
641 )

642

643 (cffi::defcfun ("branch_b" branch-b-aux) :void

644 "Post branching on the n BoolVars denoted by vids."
645 (sp :pointer)

646 (n :int)

647 (vids :pointer)

648 (var-strat :int)

649 (val-strat :int)

650 )

651

652 (defun branch-b (sp vids var-strat val-strat)

653 "Post branching on the BoolVars denoted by vids."

654 (let ((x (cffi::foreign-alloc :int :initial-contents vids)))
655 (branch-b-aux sp (length vids) x var-strat val-strat))
656 )

657

658 (cffi::defcfun ("cost" set-cost) :void

659 "Define which variable is to be the cost."

660 (sp :pointer)

661 (vid :int)

662 )

663

664 (cffi::defcfun ("new_time_stop" new-time-stop) :pointer

665 "Create a new TimeStop object to specify the time after which the search should stop"
666 (max-time :int)

667 )

668

669 (cffi::defcfun ("reset_time_stop" reset-time-stop) :void

670 "Reset the timer of the timeStop object"

671 (t-stop :pointer)

672 )

673

674 (cffi::defcfun ("new_search options" new-search-options) :pointer
675 "Create a new options object to specify the search options"

676 )

677

678 (cffi::defcfun ("set_nb_threads" set-nb-threads) :int

679 "Sets the number of threads to use during the search"

680 (s-opts :pointer)

681 (n-threads :int)

682 )

683

684 (cffi::defcfun ("set_time_stop" set-t-stop) :pointer

685 "Sets the stop field of the Options object to the timeStop object"
686 (s-opts :pointer)

687 (t-stop :pointer)

688 )

689

690 (cffi::defcfun ("new_bab_engine" bab-engine-low) :pointer
691 "Create a new branch and bound search-engine."

692 (sp :pointer)

693 (opts :pointer)

694 )

695

696 (cffi::defcfun ("bab_next" bab-next) :pointer

697 "Find the next solution for the search-engine se."
698 (se :pointer)

699 )

700
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(cffi::defcfun ("bab_stopped" bab-stopped) :int

"returns t if the search engine has been stopped, nil otherwise"

(se :pointer)

)

(cffi::defcfun ("new_dfs_engine" dfs-engine-1
"Create a new depth-first search search-e
(sp :pointer)
(opts :pointer)

)

(cffi::defcfun ("dfs_next" dfs-next) :pointer
"Find the next solution for the search-en
(se :pointer)

)

(cffi::defcfun ("dfs_stopped" dfs-stopped) :int

ow) :pointer
ngine."

gine se."

"returns t if the search engine has been stopped, nil otherwise"

(se :pointer)

)

(cffi::defcfun ("get_value" get-value) :int
"Get the value of the variable denoted by
(sp :pointer)
(vid :int)

)

(cffi::defcfun ("get_values" get-values-aux)
"Get the values of the n variables denote
(sp :pointer)
(n :int)
(vids :pointer)

)

(defun get-values (sp vids)
"Print the values of the variables denote
(let ((x (cffi::foreign-alloc :int :initi
p)
(setq p (get-values-aux sp (length vi
(loop for i from O below (length vids
collect (cffi::mem-aref p :int i)

)

(cffi::defcfun ("print_vars" print-vars-aux)
"Print the values of the n variables deno
(sp :pointer)
(n :int)
(vids :pointer)

)

(defun print-vars (sp vids)
"Print the values of the variables denote
(let ((x (cffi::foreign-alloc :int :initi
(print-vars-aux sp (length vids) x))

vid."

:pointer
d by vids."

d by vids."
al-contents

ds) x))

)
))

:void
ted by vids.

d by vids."
al-contents
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B.2.2 gecode-wrapper-ui.lisp

(cl:defpackage "gil"
(:nicknames "GIL")
(:use common-lisp :cl-user :cl :cffi))

3933333333333

; Creating int wvariables ;

3999333333333 33333 3333333

(defclass int-var ()
((id :initarg :id :accessor id))

(defmethod add-int-var (sp 1 h)
"Adds a integer variable with domain [1,h] to sp"
(make-instance ’int-var :id (add-int-var-low sp 1 h)))

(defmethod add-int-var-dom (sp dom)
"Adds a integer variable with domain dom to sp"
(make-instance ’int-var :id (add-int-var-dom-low sp dom)))

(defmethod add-int-var-array (sp n 1 h)
"Adds an array of n integer variables with domain [1,h] to sp"
(loop for v in (add-int-var-array-low sp n 1 h) collect
(make-instance ’int-var :id v)))

(defmethod add-int-var-array-dom (sp n dom)
"Adds an array of n integer variables with domain dom to sp"
(loop for v in (add-int-var-array-dom-low sp n dom) collect
(make-instance ’int-var :id v)))

(defmethod g-specify-sol-variables (sp vids)
"Specifies the variables that will contain the solution"
(set-solution-vars sp vids)

;1d getter

(defmethod vid ((self int-var))
"Gets the vid of the variable self"
(id self))

(defmethod vid ((self 1list))
"Gets the vids of the variables in self"
(loop for v in self collect (vid v)))

3333333333333 3333333333333

; Creating bool wvariables ;

3333333333333 3333333333333

(defclass bool-var ()
((id :initarg :id :accessor id))

(defmethod add-bool-var (sp 1 h)
"Adds a boolean variable with domain [1,h] to sp"
(make-instance ’bool-var :id (add-bool-var-range sp 1 h)))

(defmethod add-bool-var-expr (sp (vl int-var) rel-type (v2 fixnum))
"Adds a boolean variable representing the expression
vl rel-type v2 to sp"
(make-instance ’bool-var
:id (add-bool-var-expr-val sp (vid vl) rel-type v2)))

(defmethod add-bool-var-expr (sp (vl int-var) rel-type (v2 int-var))
(make-instance ’bool-var

:id (add-bool-var-expr-var sp (vid vl1) rel-type (vid v2))))

;1d getter
(defmethod vid ((self bool-var)) (id self))
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; Methods for int comstraints ;

D R R )

;REL
(defmethod g-rel (sp (vl int-var) rel-type (v2 fixnum))
"Post the constraint that vl rel-type v2."
(val-rel sp (vid vl1) rel-type v2))

(defmethod g-rel (sp (vl int-var) rel-type (v2 int-var))
(var-rel sp (vid v1) rel-type (vid v2)))

(defmethod g-rel (sp (vl list) rel-type (v2 null))
(arr-rel sp (vid v1) rel-type))

(defmethod g-rel (sp (vl list) rel-type (v2 fixnum))
(arr-val-rel sp (vid v1l) rel-type v2))

(defmethod g-rel (sp (vl list) rel-type (v2 int-var))
(arr-var-rel sp (vid v1) rel-type (vid v2)))

(defmethod g-rel (sp (vl list) rel-type (v2 list))
(arr-arr-rel sp (vid v1) rel-type (vid v2)))

;DISTINCT

(defmethod g-distinct (sp vars)
"Post the constraint that the given vars are distinct."
(distinct sp (vid vars)))

; LINEAR

(defmethod g-linear (sp coeffs vars rel-type (v fixnum))
"Post the linear relation coeffs*vars rel-type v."
(val-linear sp coeffs (vid vars) rel-type v))

(defmethod g-linear (sp coeffs vars rel-type (v int-var))
(var-linear sp coeffs (vid vars) rel-type (vid v)))

;ARITHMETICS

(defmethod g-abs (sp (vl int-var) (v2 int-var))
"Post the constraints that v2 = |v1]."
(ge-abs sp (vid v1) (vid v2)))

(defmethod g-div (sp (vl int-var) (v2 int-var) (v3 int-var))
"Post the constraints that v3 = vi/v2."
(ge-div sp (vid v1) (vid v2) (vid v3)))

(defmethod g-mod (sp (vl int-var) (v2 int-var) (v3 int-var))
"Post the constraints that v3 = vijv2."
(var-mod sp (vid v1) (vid v2) (vid v3)))

(defmethod g-divmod (sp (vl int-var) (v2 int-var) (v3 int-var) (v4 int-var))
"Post the constraints that v3 = v1/v2 and v4 = vijv2."
(ge-divmod sp (vid v1) (vid v2) (vid v3) (vid v4)))

(defmethod g-min (sp (vl int-var) (v2 int-var) (v3 int-var) &rest vars)
"Post the constraints that vl = min(v2, v3, ...)."
(cond
((null vars)
(ge-min sp (vid v2) (vid v3) (vid v1)))
(t (ge-arr-min sp (vid v1)
(append (list (vid v2) (vid v3)) (vid vars))))))

(defmethod g-1lmin (sp (v int-var) vars)
"Post the constraints that v = min(vars)."
(ge-arr-min sp (vid v) (vid vars)))

(defmethod g-argmin (sp vars (v int-var))

"Post the constraints that v = argmin(vars)."
(ge-argmin sp (vid vars) (vid v2)))
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(defmethod g-max (sp (vl int-var) (v2 int-var) (v3 int-var) &rest vars)
"Post the constraints that v1 = max(v2, v3, ...)."
(cond ((null vars) (ge-max sp (vid v2) (vid v3) (vid v1)))
(t (ge-arr-max sp (vid v1) (append (list (vid v2) (vid v3)) (vid vars))))))

(defmethod g-lmax (sp (v int-var) vars)
"Post the constraints that v = max(vars)."
(ge-arr-max sp (vid v) (vid vars)))

(defmethod g-argmax (sp vars (v int-var))
"Post the constraints that v2 = argmax(vars)."
(ge-argmax sp (vid vars) (vid v)))

(defmethod g-mult (sp (vl int-var) (v2 int-var) (v3 int-var))
"Post the constraints that v3 = vix*v2."
(ge-mult sp (vid v1) (vid v2) (vid v3)))

(defmethod g-sqr (sp (vl int-var) (v2 int-var))
"Post the constraints that v2 is the square of vi1."
(ge-sqr sp (vid v1) (vid v2)))

(defmethod g-sqrt (sp (vl int-var) (v2 int-var))
"Post the constraints that v2 square root of vi."
(ge-sqrt sp (vid v1) (vid v2)))

(defmethod g-pow (sp (vl int-var) n (v2 int-var))
"Post the constraints that v2 nth power of vi."
(ge-pow sp (vid v1) n (vid v2)))

(defmethod g-nroot (sp (vl int-var) n (v2 int-var))
"Post the constraints that v2 is the nth root of vi1."
(ge-nroot sp (vid v1) n (vid v2)))

(defmethod g-sum (sp (v int-var) vars)
"Post the constraints that v = sum(vars)."
(rel-sum sp (vid v) (vid vars)))

; DoM

(defmethod g-dom (sp (v int-var) dom)
"Post the constraints that dom(v) = dom."
(set-dom sp (vid v) dom))

(defmethod g-member (sp vars (v int-var))
"Post the constraints that v is in vars."
(set-member sp (vid vars) (vid v)))

; COUNT

(defmethod g-count (sp vars (vl fixnum) rel-type (v2 fixnum))
"Post the constraints that v2 is the number of times vl occurs in vars."
(count-val-val sp (vid vars) vl rel-type v2))

(defmethod g-count (sp vars (vl fixnum) rel-type (v2 int-var))
(count-val-var sp (vid vars) vl rel-type (vid v2)))

(defmethod g-count (sp vars (vl int-var) rel-type (v2 fixnum))
(count-var-val sp (vid vars) (vid vl) rel-type v2))

(defmethod g-count (sp vars (vl int-var) rel-type (v2 int-var))
(count-var-var sp (vid vars) (vid vl1) rel-type (vid v2)))

(defmethod g-count (sp vars (s-set list) rel-type (val fixnum))
(count-var-set-val sp (vid vars) s-set rel-type val)

)
(defmethod g-count-array (sp vars (c list) rel-type (val fixnum))
(count-array-val sp (vid vars) c rel-type val)

)

; NUMBER OF VALUES
(defmethod g-nvalues (sp vars rel-type (v int-var))
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212

213 (nvalues sp (vid vars) rel-type (vid v)))
214
215 ; HAMILTONIAN PATH/CIRCUIT
216 (defmethod g-circuit (sp costs varsl vars2 v)
217 "Post the constraint that values of varsl are the edges of an hamiltonian circuit
218 the graph formed by the n variables in varsli,
described
219 by costs, and v is the total cost of the circuit, i.e.
220 (hcircuit sp costs (vid varsl) (vid vars2) (vid v)))
221
222 ;VALUE PRECEDENCE
223 (defmethod g-precede (sp vars s u)
224 "Post the constraint that if there exists j (0 <= j < |x|) such that x[j] = u,
225 then there must exist i with i < j such that x[i] = s"
226 (precede sp (vid vars) s u)
227 )
228
229 G GSiiiiiiiiiiiiiiiiiiiiiiiiiiii
230 ; Methods for bool constraints ;
231 GGG i i i i
232
233 ;0P
234 (defmethod g-op (sp (vl bool-var) bool-op (v2 bool-var) (v3 fixnum))
235 "Post the constraints that vl bool-op v2 = v3."
236 (val-bool-op sp (vid v1) bool-op (vid v2) v3))
237
238 (defmethod g-op (sp (vl bool-var) bool-op (v2 bool-var) (v3 bool-var))
239 (var-bool-op sp (vid v1) bool-op (vid v2) (vid v3)))
240
241 ;REL
242 (defmethod g-rel (sp (vl bool-var) rel-type (v2 fixnum))
243 "Post the constraints that vl rel-type v2."
244 (val-bool-rel sp (vid vl1) rel-type v2))
245
246 (defmethod g-rel (sp (vl bool-var) rel-type (v2 bool-var))
247 (var-bool-rel sp (vid vl1) rel-type (vid v2)))
248
WIS 58 888 5888888888888888888688
250 ; Methods for ezploration ;
AN S 3 5585 588888888888888888888
252
253 ;Variable branching strategies
254 (defparameter gil::INT_VAR_SIZEMIN 0) ; select first the variable with the smallest domain
255 (defparameter gil::INT_VARRND 1) ; select first a random variable
256 (defparameter gil::INT_VAR_DEGREE_MAX 2); select the variable with the highest degree
257
258 ;Value branching strategies
259 (defparameter gil::INT_VALMIN 0) ; select first the smallest value of the domain
260 (defparameter gil::INT_VAL.RND 1) ; select first a random value
261 (defparameter gil::INT_VAL_SPLITMIN 2) ; select the values not greater than the (min+max)/2
262 (defparameter gil::INT_VAL_SPLITMAX 3) ; select the values greater than (min+max)/2
263 (defparameter gil::INT_VALMED 4) ; selects the greatest value not bigger than the median
264
265 (defmethod g-branch (sp (v int-var) var-strat val-strat)
266 "Post a branching on v with strategies var-strat and val-strat."
267 (branch sp (list (vid v)) var-strat val-strat))
268
269 (defmethod g-branch (sp (v bool-var) var-strat val-strat)
270 (branch-b sp (list (vid v)) var-strat val-strat))
271
272 (defmethod g-branch (sp (v list) var-strat val-strat)
273 (if (typep (car v) ’int-var)
274 (branch sp (vid v) var-strat val-strat)
275 (branch-b sp (vid v) var-strat val-strat)))
276
277 ;cost
278 (defmethod g-cost (sp (v int-var))
279 "Defines that v is the cost of sp."
280 (set-cost sp (vid v)))
281

"Post the constraints that v is the number of distinct values in vars."
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335555555355 53553535353535535555555
; Methods for search engine options

(defclass time-stop ()
((ts :initform nil :initarg ts :accessor ts)); ts is

)

(defmethod t-stop ()
(make-instance ’time-stop)

)

(defmethod time-stop-init (tstop max-time)
(setf (ts tstop) (new-time-stop max-time))
)

(defmethod time-stop-reset (tstop)
(reset-time-stop (ts tstop))
)

(defclass search-options ()
((opts :initform nil :initarg opts :accessor opts));

)

(defmethod search-opts ()
(make-instance ’search-options)

)

(defmethod init-search-opts (sopts)
(setf (opts sopts) (new-search-options))
)

(defmethod set-n-threads (s-opts nthreads)
(set-nb-threads (opts s-opts) nthreads)
)

(defmethod set-time-stop (s-opts t-stop)
(set-t-stop (opts s-opts) (ts t-stop))
)

;Search-engine types
(defparameter gil::DFS "dfs")
(defparameter gil::BAB "bab")

(defclass BAB-engine ()

((bab :initform nil :initarg :bab :accessor
)
(defclass DFS-engine ()

((dfs :initform nil :initarg :dfs :accessor

)

(defmethod search-engine (sp opts se-type)
"Creates a new search engine (dfs or bab)."
(cond
((string-equal se-type gil::DFS) (make-instance
((string-equal se-type gil::BAB) (make-instance

;solution exist?
(defun sol? (sol)
"Existence predicate for a solution"
(and (not (cffi::null-pointer-p sol)) sol))

;next solution

(defmethod search-next ((se BAB-engine))
"Search the next solution of se."
(sol? (bab-next (bab se))))

112

a void pointer to a WTimeStop object in Gecode

opts is a void* to a WSearchOptions object in Gecode

bab))

dfs))

’DFS-engine :dfs (dfs-engine-low sp opts)))
’BAB-engine :bab (bab-engine-low sp opts)))
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(defmethod search-next ((se DFS-engine))

(s0l? (dfs-next (dfs se))))

(defmethod search-next ((se null))

nil)
;stopped
; returns 1 if stopped, O if not
(defmethod stopped ((se BAB-engine))

(bab-stopped (bab se))

)

(defmethod stopped ((se DFS-engine))
(dfs-stopped (dfs se))

2933333333333 33333333333

; Methods for solutions ;

3993333333333 33333333333

svalues

(defmethod g-values (sp (v int-var))
"Get the values assigned to v."
(get-value sp (vid v)))

(defmethod g-values (sp (v list))

(get-values sp

(defmethod g-values

nil)

;print

(defmethod g-print
"Print v."
(print-vars sp

(defmethod g-print
(print-vars sp

(defmethod g-print
nil)

(vid v)))

((sp null) v)

(sp (v int-var))
(list (vid v))))

(sp (v list))
(vid v)))

((sp null) v)
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Appendix C

Melodizer source code

This appendix gives the code for Melodizer. It is composed of four files :

e melodizer-csts.lisp that contains all the musical constraints developed in the context of this master’s
thesis.

e melodizer-csp.lisp that contains the musical CSPs as well as the method to search for a solution.
e melodizer-utils.lisp that contains a variety of utility functions.

e melodizer.lisp that contains the code for the melodizer object as well as for the interface that is the
editor window of the melodizer object.

The current version of Melodizer can be found at https://github.com/sprockeelsd/Melodizer.

C.1 melodizer-csts.lisp

(in-package :mldz)

2333333333333 3333 3333333333333

; ALL-DIFFERENT-NOTES constraint ;

2333333333333 33333 3333333333333

; <sp> ts the space
; <notes> is a list of IntVars representing the pitch of the notes
; ensures that all the notes are different in terms of strict walue, not in terms of notes
; (e.g. 60 and 72 can be wvalues taken by two variables simultaneously even
; though they both represent a C)
(defun all-different-notes (sp notes)
(gil::g-distinct sp notes)

; MELODY DIRECTION constraints ;

; <sp> is the space
; <notes> is a list of IntVars representing the pitch of the notes
; posts the constraint that notes[i] < notes[i+1]
(defun strictly-increasing-pitch (sp notes)
(gil::g-rel sp notes gil::IRT_LE nil) ; nil = 22
)

; <sp> is the space
; <nmotes> is a list of IntVars representing the pitch of the notes
; posts the constraint that notes[i] <= notes[i+1]
(defun increasing-pitch (sp notes)
(gil::g-rel sp notes gil::IRT_LQ nil) ; nil = w2
)

; <sp> is the space
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; <notes> is a list of IntVars representing the pitch of the notes
; <intervals> s a list if IntVars representing the intervals between consecutive notes
; <global-interval> is the global interval that the melody spans
; ensures that the melodic direction is mostly wupwards
(defun mostly-increasing-pitch (sp notes intervals global-interval)
(let (sum interval-domain-greater-than-zero)

; wariable to hold the result of the sum of all intervals (<=127)

(setq sum (gil::add-int-var sp -127 127))

(setq interval-domain-greater-than-zero

(loop :for n :from 1 :below 13 :by 1 collect n)); [1..12]

(gil::g-sum sp sum intervals); sum = sum(intervals)

; sum >= global-interval

(gil::g-rel sp sum gil::IRT_GQ (parse-integer global-interval))

; (nb of interwvals > 0) >= 0.8%size(intervals)

(gil::g-count sp intervals interval-domain-greater-than-zero gil::IRT_GQ
(ceiling (* 80 (length intervals)) 100))

; <sp> is the space
; <notes> is a list of IntVars representing the pitch of the notes
; posts the constraint that notes[i] > notes[i+1]
(defun strictly-decreasing-pitch (sp notes)
(gil::g-rel sp notes gil::IRT_GR nil) ; nil = 22
)

; <sp> is the space
; <notes> is a list of IntVars representing the pitch of the notes
; posts the constraint that notes[i] >= notes[i+1]
(defun decreasing-pitch (sp notes)
(gil::g-rel sp notes gil::IRT_GQ nil) ; nil = 22
)

; <sp> is the space

; <notes> is a list of IntVars representing the pitch of the notes

; <intervals> s a list if IntVars representing the intervals between consecutive notes
; <global-interval> is the global interval that the melody spans

; ensures that the melodic direction is mostly downwards

(defun mostly-decreasing-pitch (sp notes intervals global-interval)

(let (sum interval-domain-smaller-than-zero)
; variable to hold the result of the sum of the intervals
(setq sum (gil::add-int-var sp (- (*x 127 (length intervals))) -1))
(setq interval-domain-smaller-than-zero
(loop :for n :from 1 :to 13 :by 1 collect (- n))); [-12...-1]
(gil::g-sum sp sum intervals); sum = sum(intervals)
; sum <= -global-interval
(gil::g-rel sp sum gil::IRT_LQ (- (parse-integer global-interval)))
; (nb of intervals < 0) >= 0.8*stize(intervals)
(gil::g-count sp intervals interval-domain-smaller-than-zero gil::IRT_GQ
(ceiling (* 80 (length intervals)) 100))
)
)
; AT LEAST N constraint ;

3333333333333 33333333333

;<sp> 1is the space
;notes> is the array of wvariables representing the pitch
;<values> 1s the array of walues
;<n> 1s the number of wvartables such that notes[i] = wvalues[t]
; Ensures that the number of times that notes[i] = wvalues[i] is at least n
(defun at-least-n (sp notes values n)
(gil::g-count-array sp notes values gil::IRT_EQ n)

I R R R I I N I I A A A )

;, RANGE RESTRICTION constraint ;

I R I I I I I A A A )
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106

107 ;<sp> s the space

108 ;<notes> 4is the array of variables representing the pitch

109 ;<input-chords> is the input chords in the form of a woice object

110 ; Ensures that the melody ts always higher than the lowest note from the chords and lower
111 ; than the highest note of the chord + 2 octaves

112 (defun range-restriction (sp notes input-chords)

113 ; get the list of pitches for all the chords in the woice object

114 (let ((chords (om::chords input-chords))

115 vals min-note max-note)

116 ; collect all the notes and put them in one big list

117 (setf vals

118 (to-midi (om::flat

119 (loop :for n :from O :below (length chords) :by 1 collect
120 (om::1lmidic (nth n chords)))

121 ))

122 )

123 (setf min-note (min-list vals)); get the lowest note

124 (setf max-note (max-list vals)); get the highest note

125

126 (dolist (note notes);restrain the interval domains to acceptable wvalues
127 (gil::g-rel sp note gil::IRT_GQ min-note) ; note >= min-note
128 ; mote <= maz-note + 2 octaves (24 semitones)

129 (gil::g-rel sp note gil::IRT_LQ (+ max-note 24))

130 )

131 )

132 )

133

AT 0 008 8 558858888858 888888888888888888888888888

135 ; INTERVAL-BETWEEN-ADJACENT-NOTES constraint ;

136 (s 5 S s s i s s s s s s

137

138 ; <sp> is the space

139 ; <mnotes> is a list of IntVars representing the pitch of the mnotes

140 ; <interwvals> t¢s a list of IntVars representing the intervals between successive notes
141 ; Ensures that the interval between two adjacent notes is wvalid

142 ; The interval must be everything up to a minor sizth (it can be an octave) ezcept for a
143 ; tritone, a major sevem or a minor seven

144 ; (-1 -4 -6 -7 -8 -9 -12 0 1 2 3 4 5 7 8 12) admissible intervals

145 ; IMPROVEMENT IDEA : PRIORITIZE SMALLER INTERVALS

146 (defun interval-between-adjacent-notes (sp notes intervals)

147 (let ((valid-intervals ’(-1 -4 -5 -7 -8 -9 -12 0 1 2 3 4 5 7 8 12)))

148 (dolist (interval intervals);restrain the interval domains to acceptable values
149 (gil::g-dom sp interval valid-intervals)

150 )

151 )

152 )

153

LW 0 00 22 288 8855588555588888888

155 ; IN TONALITY constraint ;

186 5 55i553535345355353335335333534335

157

158 ; <sp> is the space

159 ; <notes> 4is the wariable array on which the constraint is ezecuted

160 ; <key> is the key

161 ; <mode> is the mode

162 ; Ensures that the notes are in the tonality specified by the user(e.g. C major)

163 (defun in-tonality (sp notes key mode)

164 (let (admissible-notes)

165 ; get the list of motes in that tonality

166 (setf admissible-notes (notes-from-tonality key mode))

167 ; set the domatin of each wvartiable to the set of notes from the tomality
168 (loop :for j :from O :below (length notes) :do

169 (gil::g-dom sp (nth j notes) admissible-notes)

170 )

171 )

172 )

173

174 ; returns the set of notes that are in the tonality specified by the arguments
175 (defun notes-from-tonality (key mode)
176 (let (admissible-notes note scale i)
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; get the scale in semi-tones
(setq scale (get-scale mode))
; then, create a list and add the notes in <t
(setq note key)
(setq i 0)
(setq admissible-notes (list))
; add all notes above the key, then add all notes below the key
(om::while (<= note 127) :do
(setq admissible-notes (cons note admissible-notes)); add %t to the list
(if (>= i (length scale))
(setq i 0)
)
(incf note (nth i scale)); mnote = note + scalel[i mod 6]
(incf i 1); i++
)
(setq note key)
(decf note (nth (- (- (length scale) 1) 0) scale)); note = note - scale[6-% mod 6]
(setq i 1)

(om::while (>= note 0) :do
(setq admissible-notes (cons note admissible-notes)); add %t to the list
(if (>= i (length scale))
(setq i 0)
)
(decf note (nth (- (- (length scale) 1) i) scale)); note = note-scale[6-% mod 6]
(incf i 1); i++
)

admissible-notes

3933333333333 33333 3333333333333

; HARMONIC-INTERVAL-CHORD constraint ;

3933333333333 33 3 3333333333333

; <sp> is the space,<notes> is the wvartable array on which the constraint <s exzecuted
; <input-rhythm> is the woice object of the rhythm for the melody we want to find
; <chords> is the woice object of the chords
(defun harmonic-interval-chord (sp notes input-rhythm chords)
; get the starting time of each of the motes of the melody
(let ((melody-starting-times (voice-onsets input-rhythm))
; get the starting time of each of the chords
(chords-starting-times (voice-onsets chords))
(chord-counter 0); counter to know which chord we are currently looking at
(variable-counter 0); counter to keep track of the note
; counter to keep track of which wvartable is the start of the melody over the given
chord
(local-starting-note-melody 0)
(starting-time-next-chord 0))
(dolist (c chords-starting-times); go through the chords starting times
(setf starting-time-next-chord (nth (+ 1 chord-counter)
chords-starting-times)); get the starting time of the next chord
; keep a track of the first note in the context of this chord
(setf local-starting-note-melody variable-counter)
(cond
((>= (+ 1 variable-counter) (length melody-starting-times)); last note
(return )))
; go through all the notes that we haven’t seen yet
(dolist (m (subseq melody-starting-times variable-counter))
(cond
; last mnote
((= variable-counter (- (length melody-starting-times) 1))
(hic-constraint sp notes local-starting-note-melody
variable-counter))
((typep starting-time-next-chord ’null); last chord
; post the constraint on all remaining notes
(hic-constraint sp notes local-starting-note-melody
(- (length melody-starting-times) 1))
(return ))
; 1f the note is in the context of this chord
((< m starting-time-next-chord)
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247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

301
302
303
304
305
306
307
308
309
310
311
312
313

314
315

(incf variable-counter 1))
; the mote is not in the context of this chord
((>= m starting-time-next-chord)
; post the constraint on the corresponding notes

(if (>=

; post the constraint that maz (pitch[starting-note],...

(- variable-counter 1) local-starting-note-melody)
(hic-constraint sp notes local-starting-note-melody

(- variable-counter 1)))
(return ))))
(setf chord-counter (+ 1 chord-counter)))))

, pitch[ending-note])

min(pitch[starting-notel,..., pitchl[ending-notel) <= 12 (an octave)
(defun hic-constraint (sp notes starting-note ending-note)

(let (notes-array max-min-array)

; create an array to represent all the notes played with that chord

(setf notes-array

(gil::add-int-var-array sp
; create a table where the first walue

(setf max-min-array (gil::add-int-var-array sp 2 0 127))

;for each element of mote-array,

(loop :for j :from O :below (+ (- ending-note starting-note) 1) :do
notes[j + starting-notes]
(gil::g-rel sp (nth j notes-array) gil::IRT_EQ

(nth (+ starting-note j) notes))

; notes-array[j] =

)

(gil::g-lmax sp (first max-min-array) notes-array); maz-val = maz(notes-array)
(gil::g-1lmin sp (second max-min-array) notes-array);

; maz(notes-array) - min(notes-array) <= 12)
(gil::g-linear sp ’(1 -1) max-min-array gil::IRT_LQ 12)

3333333333333

; NOTE-ON-CHORDS constratnt ;

ERE R R R R I I R I I I A R I I I I A )

; <sp> is the space,<notes> is the wvartable array on which the constraint <s exzecuted
; <input-rhythm> is the woice object of the rhythm for the melody we want to find

; <chords> is the wvoice object of the chords
(defun note-on-chord (sp notes input-rhythm chords)

; get the starting time of each of the notes of the melody and the chords

(let ((melody-starting-times (voice-onsets input-rhythm))
(chords-starting-times (voice-onsets chords))

(chord-counter 0); counter to know which chord we are currently looking at

(variable-counter 0)) ;

(dolist (c chords-starting-times); go through the chords starting times

counter to keep track of the note

;90 through the input-rhythm starting times
(dolist (m (subseq melody-starting-times variable-counter))

(cond
(< m c) ;

tncrement the counter for wvariables
(setf variable-counter (+ variable-counter 1))

post the constraint on that specific wvariable

(+ (- ending-note starting-note) 1) 0 127))
i7s the maz and the second is the min

make it equal to the note it represents

min-val = min(notes-array)

(apply-constraint-noc sp notes variable-counter chord-counter chords

(setf variable-counter (+ variable-counter 1))

break the

(setf chord-counter (+ 1 chord-counter))

)
((=mc) ;
)
(return )
)
((>m c) ;
(return )
)
)
)
)
))

loop and go to the mezxzt chord

(defun apply-constraint-noc (sp notes variable-id chord-id input-chords)

(let ((chord-pitch (to-midi

(om::1midic (nth chord-id (om::chords input-chords)))));

the values of the notes of the chord

intervals mode inversion admissible-notes)

(sort chord-pitch #’<)

’

sort the note walwues
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316 ; get the intervals in semitones between the different notes of the chord
317 (setf intervals (list

318 (- (second chord-pitch) (first chord-pitch))

319 (- (third chord-pitch) (second chord-pitch))))

320 ; get the mode of the chord from the intervals between the notes

321 (setf mode (first (get-mode-and-inversion intervals)))

322 ; get the inversion of the chord

323 (setf inversion (second (get-mode-and-inversion intervals)))

324 ;get the notes playable on that chord

325 (setf admissible-notes (get-admissible-notes chord-pitch mode))

326 ; post the constraint that the domain of that wvariable is the admissible notes

327 (gil::g-dom sp (nth variable-id notes) admissible-notes)

328 ; post the constraint that the interval between the note of the melody and the
highest note of the chord <s mazimum 1 octave

329 (gil::g-rel sp (nth variable-id notes) gil::IRT_LQ (+ (max (first chord-pitch)) 12))

330 ))

C.2 melodizer-csp.lisp

1 (in-package :mldz)

S 55555585585
4 ; VARIATOR ;

6
7 ; <tinput-chords> is a wvotice object with the chords on top of which the melody <s played
8 ; <input-melody> %s the melody that we wish to wvary

9 ; <key> is the key of the tonality

10 ; <mode> is the mode of the tonality

11 ; <fraction> is the proportion of notes from the melody that must be the same

12 (defmethod variator (input-chords input-melody key mode fraction)

13 (let ((sp (gil::new-space)); create the space

14 pitch intervals dfs tstop sopts nidentical initial-melody)

15

16 ; tnitialize the wvariables

17 (setq pitch (gil::add-int-var-array sp (om::n-pulses input-melody) 0 127))
18 (setq intervals (gil::add-int-var-array sp (- (length pitch) 1) -127 127))
19

20 ; temporary, should be set by the user

21 (setq nidentical (ceiling (* fraction (length pitch))))

22

23 ; get the initial melody’s notes

24 (setf initial-melody

25 (loop :for n :from O :below (length (om::chords input-melody)) :by 1 collect
26 (first (om::1lmidic (nth n (om::chords input-melody)))))

27 )

28 (setf initial-melody (to-midi initial-melody))

29

30 ; conmnect pitches to intervals

31 (loop :for j :from O :below (length intervals) :do ;for each interval

32 (let (temp)

33 (setq temp (gil::add-int-var-array sp 3 -12 108)); temporary variables
34

35 (gil::g-rel sp (first temp) gil::IRT_EQ (nth j pitch)); temp[0] = pitch[j]
36 ; temp[1] = pitch[j+1]

37 (gil::g-rel sp (second temp) gil::IRT_EQ (nth (+ j 1) pitch))

38 ; temp[2] = intervals([j]

39 (gil::g-rel sp (third temp) gil::IRT_EQ (nth j intervals))

40 ; —pitchl[j] + pitch[j+1] - intervals[j] = O

41 (gil::g-linear sp ’(-1 1 -1) temp gil::IRT_EQ 0)

42 )

43 )

44

45 ; post the constraints

46

47 (range-restriction sp pitch input-chords)

48

49 (interval-between-adjacent-notes sp pitch intervals)

50
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51 (in-tonality sp pitch key mode)

52

53 (note-on-chord sp pitch input-melody input-chords)

54

55 (harmonic-interval-chord sp pitch input-melody input-chords)

56

57 ; constraint to ensure that the number of notes that are identical s right
58 (at-least-n sp pitch initial-melody nidentical)

59

60 ; branching

61 (gil::g-branch sp pitch gil::INT_VAR_DEGREE_MAX gil::INT_VAL_RND)
62 (gil::g-branch sp intervals gil::INT_VAR_SIZE_MIN gil::INT_VAL_RND)
63

64 ;time stop

65 (setq tstop (gil::t-stop)); create the time stop object

66 (gil::time-stop-init tstop 500); <nitialize it (time is expressed in ms)
67

68 ;search options

69 (setq sopts (gil::search-opts)); create the search options object
70 (gil::init-search-opts sopts); inttialize <t

71 (gil::set-n-threads sopts 1); set the number of threads to be used during the search
72 (gil::set-time-stop sopts tstop); set the timestop object

73

74 ; search engine

75 (setq se (gil::search-engine sp (gil::opts sopts) gil::DFS))

76

T (print "Variator CSP constructed"); print <n the listener

78 ; return

79 (list se pitch tstop sopts intervals)

80 )

81 )

82

WS SS555555555555888

87 ; <input> is a voice object with the chords on top of which the melody will be played

88 ; <rhythm> the rhythm of the melody to be found in the form of a wvoice object

89 ; <optiomal-constraints> is a list of optiomal constraint names

90 ; <global interval> is the global interval that the melody should cover if the mostly

91 ; increasing/decreasing constraint s selected

92 ; <key> is the key in which the melody ts

93 ; <mode> is the mode of the tonality (major, minor)

94 ; This function creates the CSP by creating the space and the wvariables, posting the

95 ; constraints and the branching, specifying the search options and creating the search
engine.

96 (defmethod melody-finder (input rhythm optional-constraints &optional (global-interval nil)
(key 60.0) (mode "major"))

97 (let ((sp (gil::new-space)); create the space;

98 pitch intervals dfs tstop sopts)

99

100 ;initialize the wvartables

101 (setq pitch (gil::add-int-var-array sp (om::n-pulses rhythm) 0 127))

102 ; this can be as large as possible given the domain of pitch, to keep all the
103 ; restrictions in the constraint part.

104 (setq intervals (gil::add-int-var-array sp (- (length pitch) 1) -127 127))
105

106 ; comnect pitches to intervals

107 (loop :for j :from O :below (length intervals) :do ;for each interval

108 (let (temp)

109 (setq temp (gil::add-int-var-array sp 3 -12 108)); temporary variables
110

111 (gil::g-rel sp (first temp) gil::IRT_EQ (nth j pitch)); temp[0] = pitch[j]
112 ; temp[1] = pitch[j+1]

113 (gil::g-rel sp (second temp) gil::IRT_EQ (nth (+ j 1) pitch))

114 ; temp[2] = intervals([j]

115 (gil::g-rel sp (third temp) gil::IRT_EQ (nth j intervals))

116 ; -pitchlj] + pitch[j+1] - intervals[j] = 0

117 (gil::g-linear sp ’(-1 1 -1) temp gil::IRT_EQ 0)

118 )

119 )
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120

121 ; post the constraints

122

123 ; mandatory constraints

124

125 (range-restriction sp pitch input)

126

127 (interval-between-adjacent-notes sp pitch intervals)

128

129 (in-tonality sp pitch key mode)

130

131 (note-on-chord sp pitch rhythm input)

132

133 (harmonic-interval-chord sp pitch rhythm input)

134

135 ; optional comnstraints

136 (post-optional-constraints optional-constraints sp pitch intervals global-interval)
137

138 ; branching

139 (gil::g-branch sp pitch gil::INT_VAR_DEGREE_MAX gil::INT_VAL_RND)

140

141 ; the branching on intervals depends on the optional constraints. If there are mnone,
142 ; do default branching

143 (cond

144 ((or (find "strictly-increasing-pitch" optional-constraints :test #’equal)
145 (find "increasing-pitch" optional-constraints :test #’equal)

146 (find "mostly-increasing-pitch" optional-constraints :test #’equal))
147 (gil::g-branch sp intervals gil::INT_VAR_SIZE_MIN gil::INT_VAL_SPLIT_MAX)
148 )

149 ((or (find "strictly-decreasing-pitch" optional-constraints :test #’equal)
150 (find "decreasing-pitch" optional-constraints :test #’equal)

151 (find "mostly-decreasing-pitch" optional-constraints :test #’equal))
152 (gil::g-branch sp intervals gil::INT_VAR_SIZE_MIN gil::INT_VAL_SPLIT_MIN)
153 )

154 (T ; default behaviour

155 (gil::g-branch sp intervals gil::INT_VAR_SIZE_MIN gil::INT_VAL_RND)
156 )

157 )

158

159 ;time stop

160 (setq tstop (gil::t-stop)); create the time stop object

161 (gil::time-stop-init tstop 500); initialize it (time is ezpressed in ms)

162

163 ;search options

164 (setq sopts (gil::search-opts)); create the search options object

165 (gil::init-search-opts sopts); initialize %t

166 (gil::set-n-threads sopts 1); set the number of threads to be used during the search
167 (gil::set-time-stop sopts tstop),; set the timestop object to stop the search
168

169 ; search engine

170 (setq se (gil::search-engine sp (gil::opts sopts) gil::DFS))

171

172 (print "melody-finder CSP constructed")

173 ; return

174 (list se pitch tstop sopts intervals)

175 )

176 )

177

178 ;posts the optional constraints specified in the list

179 ; TODO CHANGE LATER SO THE FUNCTION CAN BE CALLED FROM THE STRING IN THE LIST AND NOT WITH A
SERIES OF IF STATEMENTS

180 (defun post-optional-constraints (optional-constraints sp notes intervals global-interval)

181 (if (find "all-different-notes" optional-constraints :test #’equal)

182 (all-different-notes sp notes)

183 )

184 (if (find "strictly-increasing-pitch" optional-constraints :test #’equal)
185 (strictly-increasing-pitch sp notes)

186 )

187 (if (find "strictly-decreasing-pitch" optional-constraints :test #’equal)
188 (strictly-decreasing-pitch sp notes)

189 )
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190 (if (find "increasing-pitch" optional-constraints :test #’equal)

191 (increasing-pitch sp notes)

192 )

193 (if (find "decreasing-pitch" optional-constraints :test #’equal)

194 (decreasing-pitch sp notes)

195 )

196 (if (find "mostly-increasing-pitch" optional-constraints :test #’equal)
197 (mostly-increasing-pitch sp notes intervals global-interval)

198 )

199 (if (find "mostly-decreasing-pitch" optional-constraints :test #’equal)
200 (mostly-decreasing-pitch sp notes intervals global-interval)

201 )

202 )

203

204 5iiiiiiiiiiiii

205 ; SEARCH-NEXT ;

206 ;5500

207

208 ; <1> ts a list containing the search engine for the problem and the wvariables

209 ; <rhythm> is the input rhythm as given by the user

210 ; <melodizer-object> is a melodizer object

211 ; this function finds the next solution of the CSP using the search engine given as an

argument
212 (defmethod search-next (1 rhythm melodizer-object)
213 (let ((se (first 1))
214 (pitch* (second 1))
215 (tstop (third 1))
216 (sopts (fourth 1))
217 (intervals (fifth 1))
218 (check t); for the while loop
219 sol pitches)
220
221 (om::while check :do
222 (gil::time-stop-reset tstop); ;reset the tstop timer before launching the search
223 (setq sol (gil::search-next se)); search the next solution
224 (if (null sol)
225 ; check if there are solutions left and if the user wishes to continue
226 ; searching
227 (stopped-or-ended (gil::stopped se) (stop-search melodizer-object) tstop)
228 (setf check nil); we have found a solution so break the loop
229 )
230 )
231 ; store the wvalues of the solution
232 (setq pitches (to-midicent (gil::g-values sol pitchx)))
233 (print "solution found")
234
235 ;return a voice object that <s the solution we just found
236 (make-instance ’voice
237 :tree rhythm
238 :chords pitches
239 :tempo (om::tempo (input-rhythm melodizer-object))
240 )
241 )
242 )
243

244 ; determines if the search has been stopped by the solver because there are no more
245 ; solutions or if the user has stopped the search
246 (defun stopped-or-ended (stopped-se stop-user tstop)

247 ; if the search has not been stopped by the TimeStop object, there is nmno more solutions
248 (if (= stopped-se 0)

249 (error "There are no more solutions.")

250 )

251 ;otherwise, check if the user wants to keep searching or not

252 (if stop-user

253 (error "The search has been stopped. Press next to continue the search.")

254 )

255 )
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C.3 melodizer-utils.lisp

1 (in-package :mldz)

2

3 ; converts a list of MIDI walues to MIDIcent

4 (defun to-midicent (1)

5 (if (null 1)

6 nil

7 (cons (* 100 (first 1)) (to-midicent (rest 1)))
8 )

9)

10

11 ; convert from MIDIcent to MIDI
12 (defun to-midi (1)

13 (if (null 1)

14 nil

15 (cons (/ (first 1) 100) (to-midi (rest 1)))
16 )

17 )

18

19 ;converts the walue of a mnote to its mname
20 (defmethod note-value-to-name (note)

21 (cond

22 ((eq note 60) "C")
23 ((eq note 61) "C#")
24 ((eq note 62) "D")
25 ((eq note 63) "Eb")
26 ((eq note 64) "E")
27 ((eq note 65) "F")
28 ((eq note 66) "F#")
29 ((eq note 67) "G")
30 ((eq note 68) "Ab")
31 ((eq note 69) "A")
32 ((eq note 70) "Bb")
33 ((eq note 71) "B")
34 )

35 )

36

37 ;converts the name of a note to its value
38 (defmethod name-to-note-value (name)

39 (cond

40 ((string-equal name "C") 60)
41 ((string-equal name "C#") 61)
42 ((string-equal name "D") 62)
43 ((string-equal name "Eb") 63)
44 ((string-equal name "E") 64)
45 ((string-equal name "F") 65)
46 ((string-equal name "F#") 66)
47 ((string-equal name "G") 67)
48 ((string-equal name "Ab") 68)
49 ((string-equal name "A") 69)
50 ((string-equal name "Bb") 70)
51 ((string-equal name "B") 71)
52 )

53 )

54

55 ; finds the smallest element of a list

56 (defun min-1list (L)

57 (cond

58 ((null (car L)) nil); the list is empty -> return nil

59 ((null (cdr L)) (car L)); the list has 1 element -> return it
60 (T

61 (let ((head (car L)); default behavior

62 (tailMin (min-list (cdr L))))

63 (if (< head tailMin) head tailMin)

69 ; finds the biggest element of a list
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

(defun max-1list (L)
(cond
((null (car L)) nil); the list is empty -> return nil
((null (cdr L)) (car L)); the list has 1 element -> return it

(T
(let ((head (car L)); default behavior
(tailMax (max-list (cdr L))))
(if (> head tailMax) head tailMax)
)
)

; function to update the list of solutions in a pop-up menu without having to close and
; Te-open the window
; TODO find a more efficient way to do this
(defun update-pop-up (self my-panel data position size output)
(om::om-add-subviews my-panel
(om::om-make-dialog-item
’om::om-pop-up-dialog-item
position ; (om::om-make-point 5 130)
size ; (om::om-make-point 320 20)
"list of solutions"
:range (loop for item in (make-data-sol data) collect (car item))
;:value (mode (object self)); change so it goes to the newest added solution?
:di-action #’(lambda (m)
(cond
((string-equal output "output-solution")
; set the output solution to the currently selected solution
(setf (output-solution (om::object self))
(nth (om::om-get-selected-item-index m) data))
(let ((indx (om::om-get-selected-item-index m)))
(om::openeditorframe ; open the editor of the solution
(om:: omNG-make-new-instance
(nth indx data)
(format nil "melody ~D" (1+ indx)); name-window

)
)
((string-equal output "output-motif")
(setf (output-motif (om::object self))
(nth (om::om-get-selected-item-index m) data))
(let ((indx (om::om-get-selected-item-index m)))
(om::openeditorframe
(om::omNG-make-new-instance
(output-motif (om::object self))
(format nil "motif ~D" (1+ indx)); name-window

)
)
((string-equal output "output-phrase")
(setf (output-phrase (om::object self))
(nth (om::om-get-selected-item-index m) data))
(let ((indx (om::om-get-selected-item-index m)))
(om::openeditorframe
(om::omNG-make-new-instance
(output-phrase (om::object self))
(format nil "phrase ~D" (1+ indx)); name-window

)
)
((string-equal output "output-period")
(setf (output-period (om::object self))
(nth (om::om-get-selected-item-index m) data))
(let ((indx (om::om-get-selected-item-index m)))
(om::openeditorframe
(om::omNG-make-new-instance
(output-period (om::object self))

124



141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

)

; function to get the starting times

; from karim haddad (OM)

(format nil "period “D" (1+ indx))

(in seconds) of the notes

(defmethod voice-onsets ((self voice))
"on passe de voice a chord-seq juste pour avoir les onsets"

(let ((obj (om::objfromobjs self (make-instance

’om::chord-seq))))

(butlast (om::lonset obj))

)

; returns the list of intervals defining a given mode

(defun get-scale (mode)

(cond
((string-equal mode
(list 2 2 1 2 2

)
((string-equal mode
(list 2 1 2 2 2

)
((string-equal mode
(list 1 2 2 2 1

)
((string-equal mode
(list 2 2 2 1 2

)
((string-equal mode
(list 2 2 1 2 2

)
((string-equal mode
(list 2 1 2 2 1

)
((string-equal mode
(list 1 2 2 1 2

)
((string-equal mode
(list 2 1 2 2 1

)

((string-equal mode

(list 2 2 3 2 3)

)

((string-equal mode
(list 1 1 1 1 1

)

; function to get all of a given note (e.g.

(defun get-all-notes (note)
(let ((Cacc ’()) (backup
(om::while (<= note
(setq acc (cons
(incf note 12)
)

"ionian (major)")
2 1)

"dorian")
1 2)

"phrygian")
2 2)

"lydian")
2 1)

"mixolydian")
1 2)

"aeolian (natural minor)")
2 2)

"locrian")
2 2)

"harmonic minor")
3 1)

"pentatonic")

"chromatic")
1111111)

c)

note))
127) :do

note acc)); add it to the list

(setf note (- backup 12))

(om::while (>= note
(setq acc (cons
(decf note 12)

acc

0) :do

note acc)); add it to the list
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212
213 ; function to get all notes playable on top of a given chord ADD CHORD TYPES
214 (defun get-admissible-notes (chords mode inversion)

215 (let ((return-list ’()))

216 (cond

217 ; on top of a major chord, you can play either of the notes
218 ; from the chord though the preferred order is 1-5-3
219 ((string-equal mode "major")

220 (setf return-list (reduce #’cons

221 (get-all-notes (first chords))

222 :initial-value return-list

223 :from-end t

224 ))

225 (setf return-list (reduce #’cons

226 (get-all-notes (second chords))

227 :initial-value return-list

228 :from-end t

229 ))

230 (setf return-list (reduce #’cons

231 (get-all-notes (third chords))

232 :initial-value return-1list

233 :from-end t

234 ))

235 )

236 ; on top of a minor chord, you can play either of the notes
237 ; from the chord though the preferred order is 1-5-3
238 ((string-equal mode "minor")

239 (setf return-list (reduce #’cons

240 (get-all-notes (first chords))

241 :initial-value return-list

242 :from-end t

243 ))

244 (setf return-list (reduce #’cons

245 (get-all-notes (second chords))

246 :initial-value return-1list

247 :from-end t

248 ))

249 (setf return-list (reduce #’cons

250 (get-all-notes (third chords))

251 :initial-value return-list

252 :from-end t

253 ))

254 )

255 ; only the third can be played on top of diminished chords
256 ((string-equal mode "diminished")

257 (cond

258 ((= inversion 0)

259 (setf return-list (reduce #’cons
260 (get-all-notes (second chords))
261 :initial-value return-list

262 :from-end t

263 ))

264 )

265 ((= inversion 1)

266 (setf return-list (reduce #’cons
267 (get-all-notes (first chords))
268 :initial-value return-list

269 :from-end t

270 ))

271 )

272 ((= inversion 2)

273 (setf return-list (reduce #’cons
274 (get-all-notes (third chords))
275 :initial-value return-list

276 :from-end t

277 ))

278 )

279 )

280 )

281 )

282 )
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283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343

; function to get the mode of the chord (major, minor, diminished,...) and the inversion
; (0 = classical form, 1 = first inversion, 2 = second inversion)
(defun get-mode-and-inversion (intervals)
; possible intervals in midi for major chords
(let ((major-intervals (list (list 4 3) (list 3 5) (list 5 4)))
; possible intervals in midt for minor chords
(minor-intervals (list (list 3 4) (list 4 5) (list 5 3)))
; possible intervals in midt for diminished chords
(diminished-intervals (list (list 3 3) (list 3 6) (list 6 3))))
(cond
((position intervals major-intervals :test #’equal); <f the chord is major
(list "major" (position intervals major-intervals :test #’equal))
)
((position intervals minor-intervals :test #’equal); <f the chord %s minor
(list "minor" (position intervals minor-intervals :test #’equal))
)
; if the chord <s diminished
((position intervals diminished-intervals :test #’equal)
(list "diminished" (position intervals diminished-intervals :test #’equal))

)

)

;makes a list (name voice-instance) from a list of votices:
; (from Karim Haddad)
(defun make-data-sol (liste)
(loop for 1 in 1liste
for i from 1 to (length liste)
collect (list (format nil "solutiomn ~“D: “A" i 1) 1)))

; taken from rhythm boz
; https://github.com/blapiere/Rhythm-Box
(defun rel-to-gil (rel)
"Convert a relation operator symbol to a GiL relation value."
(cond
((eq rel ’=) gil::IRT_EQ)
((eq rel ’=/=) gil::IRT_NQ)
((eq rel ’<) gil::IRT_LE)
((eq rel ’=<) gil::IRT_LQ)
((eq rel ’>) gil::IRT_GR)
((eq rel ’>=) gil::IRT_GQ)

; this is not used but kept in case it 1is needed
; shuffles a list
; from https://gist.github.com/shortsightedsid/62d0ee21bfcab53d9b69e
(defun list-shuffler (input-list &optional accumulator)
"Shuffle a list using tail call recursion."
(if (eq input-list nil)
accumulator
(progn
(rotatef (car input-list)
(nth (random (length input-list)) input-list))
(list-shuffler (cdr input-list)
(append accumulator (list (car input-1list)))))))

C.4 melodizer.lisp

(in-package :mldz)

127



6

7 (om::defclass! melodizer ()

8
9
10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
28

29
30
31
32
33
34

35
36
37
38

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

;attributes
((input-chords :accessor input-chords :initarg :input-chords :initform
(make-instance ’voice) :documentation

"The input chords on top of which the melody will be played in the form of a voice
object.")

(input-rhythm :accessor input-rhythm :initarg :input-rhythm :initform
(make-instance ’voice) :documentation
"The rhythm of the melody or a melody in the form of a voice object. ")

(key :accessor key :initarg :key :initform 60 :documentation
"The key the melody is in (default : C).")

(mode :accessor mode :initarg :mode :initform "ionian (major)" :documentation
"The mode the melody is in (default : major).")

(tool-mode :accessor tool-mode :initarg :tool-mode :initform "Melody-Finder"
:documentation

"The mode of the tool. melody-finder allows to generate melodies based on a rhythm
input, while variation-maker allows to make variations of a melody")

(variety :accessor variety :initarg :variety :initform 1 :documentation
"The minimal variety we want for the solution, expressed as a number of notes. (does
nothing for now)")

(global-interval :accessor global-interval :initarg :global-interval :initform "1"
:documentation
"global interval that the produced melody should cover (optional constraint)")

(optional-constraints :accessor optional-constraints :initarg :optiomnal-constraints
initform (list) :documentation
"a list of optional constraint names that should be added to the problem")

(result :accessor result :initarg :result :initform (list) :documentation
"A temporary list holder to store the result of the call to the CSPs, shouldn’t be
touched.")

(stop-search :accessor stop-search :initarg :stop-search :initform nil :documentation
"A boolean variable to tell if the user wishes to stop the search or not.")

(solution :accessor solution :initarg :solution :initform nil :documentation
"The current solution of the CSP in the form of a voice object.")

(solutions-list :accessor solutions-list :initarg :solution-list :initform ’()
:documentation
"The list of all the solutions saved by the user for the current search.")

(motifs-1list :accessor motifs-list :initarg :motifs-list :initform ’() :documentation
"The list of motifs created by the user.")

(phrases-list :accessor phrases-list :initarg :phrases-list :initform ’() :documentation
"The list of phrases created by the user.")

(periods-list :accessor periods-list :initarg :periods-list :initform ’() :documentation
"The list of periodes created by the user.")

(output-solution :accessor output-solution :initarg :output-solution :initform nil
:documentation
"The selected solution for the current search.")

(output-motif :accessor output-motif :initarg :output-motif :initform nil :documentation
"The selected motif.")

(output-phrase :accessor output-phrase :initarg :output-phrase :initform nil
:documentation

"The selected phrase.")

(output-period :accessor output-period :initarg :output-period :initform nil
:documentation
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72
73
74
75
76
7
78
79

80

81

"The selected period.")

(defclass melodizer-editor (om::editorview) (

))

(melody :accessor melody :initarg :melody :initform nil :documentation
"The final melody generated by combining different elements.")
)
(:icon 225)
(:documentation "This class implements Melodizer.
Melodizer is a constraints based application aiming to improve composer’s expression
and exploration abilities
by generating interesting and innovative melodies based on a set of constraints
expressing musical rules.
More information and a tutorial can be found at https://github.com/sprockeelsd/
Melodizer")
)
; the editor for the object

(defmethod om::class-has-editor-p ((self melodizer)) t)

(defmethod om::get-editor-class ((self melodizer))

‘melodizer-editor)

(defmethod om::om-draw-contents ((view melodizer-editor))

(let* ((object (om::object view)))

(om::om-with-focused-view
view
;;; DRAW SOMETHING *?
)
)
)
; To access the melodizer object, (om::object self)

(defmethod initialize-instance ((self melodizer-editor) &rest args)

;55 do what needs to be done by default

(call-next-method) ; start the search by default?

(make-my-interface self)

; function to create the tool’s interface

(defmethod make-my-interface ((self melodizer-editor))

; create the main view of the object
(make-main-view self)

HE I P P S A
55, sSub wviews ;;;

D I I I A I B N R N R R R R R R N N N N A N N NP NP I R )

;;; setting the different regions of the tool

; The coordinates here are coordinates in the

; part of the display for everything that has
(input-panel (om::om-make-view ’om::om-view

:size (om::om-make-point 450 300)
:position (om::om-make-point 5 30)
:bg-color om::*azulito*)

)

; part of the display for ewverything that has
(search-panel (om::om-make-view ’om::om-view

:size (om::om-make-point 450 300)
:position (om::om-make-point 460 30)
:bg-color om::*azulito*)

)

; part of the display for everything that has

problem
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139 (constraints-panel (om::om-make-view ’om::om-view

140 :size (om::om-make-point 905 400)

141 :position (om::om-make-point 5 335)

142 :bg-color om::*azulito*)

143 )

144 ; part of the display to put different solutions together

145 (solution-assembly-panel (om::om-make-view ’om::om-view

146 :size (om::om-make-point 450 705)

147 :position (om::om-make-point 915 30)

148 :bg-color om::*azulito*)

149 )

150

151 D R R A R A I R N I )

152 ;;; setting the different sub-panels for additional constraints ;;;

153 5535535355553 5353555553535535355535535353535553535353535355335335335335353353535353553

154

155 ; coordinates are local to the constraints-panel

156 (general-constraints-panel

157 (om::om-make-view

158 ’om::om-view

159 :size (om::om-make-point 220 375)

160 :position (om::om-make-point 5 20)

161 :bg-color (om::om-make-color 0 0.6 0.3))

162 )

163 (motif-maker-constraints-panel

164 (om::om-make-view

165 ’om::om-view

166 :size (om::om-make-point 220 375)

167 :position (om::om-make-point 230 20)

168 :bg-color (om::om-make-color 0 0.6 0.3))

169 )

170 (phrase-maker-constraints-panel

171 (om::om-make-view

172 om::om-view

173 :size (om::om-make-point 220 375)

174 :position (om::om-make-point 455 20)

175 :bg-color (om::om-make-color 0 0.6 0.3))

176 )

177 (period-maker-constraints-panel

178 (om::om-make-view

179 ’om::om-view

180 :size (om::om-make-point 220 375)

181 :position (om::om-make-point 680 20)

182 :bg-color (om::om-make-color 0 0.6 0.3))

183 )

184 )

185

186 ; create the input panel

187 (setf elements-input-panel (make-input-panel self input-panel))

188

189 ; create the search panel

190 (setf elements-search-panel (make-search-panel self search-panel solution-assembly-panel
))

191

192 ; create the constraints panel

193 (setf elements-constraints-panel (make-constraints-panel self constraints-panel))

194 ;create the gemeral constraints panel

195 (setf elements-general-constraints-panel

196 (make-general-constraints-panel self general-constraints-panel))

197 ; create the motif maker constraints panel

198 (setf elements-motif-maker-constraints-panel

199 (make-motif-maker-constraints-panel self motif-maker-constraints-panel))

200 ; create the phrase maker constraints panel

201 (setf elements-phrase-maker-constraints-panel

202 (make-phrase-maker-constraints-panel self phrase-maker-constraints-panel))

203 ; create the period maker constraints panel

204 (setf elements-period-maker-constraints-panel

205 (make-period-maker-constraints-panel self period-maker-constraints-panel))

206

207 ; create the solution assembly panel

208 (setf elements-solution-assembly-panel
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209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278

’

’

(make-solution-assembly-panel self solution-assembly-panel))

;;;, add new panel here

add the subviews for the different parts into the main view

(om::om-add-subviews

)

’

self

input-panel
search-panel
constraints-panel
solution-assembly-panel

add subviews to the constraints panel

(om::om-add-subviews

)

constraints-panel
general-constraints-panel
motif-maker-constraints-panel
phrase-maker-constraints-panel
period-maker-constraints-panel

; return the editor
self

’

2399393939399

;55 main view ;;;

; this function creates the elements for the main panel
(defun make-main-view (editor)
; background colour
(om::om-set-bg-color editor om::*om-light-gray-color*) ;;pour changer

fabriquer sa propre couleur: (om-make-color 7 g b)

; title
(om::om-add-subviews
editor

(om::om-make-dialog-item

;this function creates all the elements of the input-panel (buttons, pop-up-menus, ...

’om::om-static-text
(om::om-make-point 650 2)
(om::om-make-point 120 20)
"Melodizer"

:font om::*om-default-font3bx*

2999553333333 3333333333333

;;;, creating the input panel ;;; final positions done

; the coordinates are local to the input panel
(defun make-input-panel (editor input-panel)
(om::om-add-subviews
input-panel

’

title

(om::om-make-dialog-item

’

’om::om-static-text
(om::om-make-point 187 2)
(om::om-make-point 120 20)
"Parameters"

:font om::*om-default-fontlbx*

le bg color.

pop-up list to select the mode of the tool (melodizer, accompagnement finder,
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279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349

(om::om-make-dialog-item
’om::pop-up-menu
(om::om-make-point 15 30)
(om::om-make-point 200 20)
"Tool Mode selection"
:value (tool-mode (om::object editor))
:range °’("Melody-Finder" "Variation maker")
:di-action #’(lambda (m)
; set the tool-mode according to the choice of the user
(setf (tool-mode (om::object editor))
(nth (om::om-get-selected-item-index m) (om::om-get-item-list m)))

;pop-up list to select the key of the melody
(om::om-make-dialog-item
’om::pop-up-menu
(om::om-make-point 15 75)
(om::om-make-point 200 20)
"Key selection"
:range )(llc“ "C#ll "Dll ||Eb" ||E|| "Fll Y|F#|l ||G" ||Ab" "All "Bbll ||B")
:value (note-value-to-name (key (om::object editor)))
:di-action #’(lambda (m)
; set the key according to the choice of the user
(setf (key (om::object editor)) (name-to-note-value
(nth (om::om-get-selected-item-index m) (om::om-get-item-list m))))

;pop-up list to select the mode of the melody
(om::om-make-dialog-item
’om::pop-up-menu
(om::om-make-point 15 105)
(om::om-make-point 200 20)
"Mode selection"
:range ’("ionian (major)" "dorian" "phrygian" "lydian" "mixolydian"
"aeolian (natural minor)" "locrian" "pentatonic" "harmonic minor" "chromatic")
:value (mode (om::object editor))
:di-action #’(lambda (m)
; set the mode according to the choice of the user
(setf (mode (om::object editor))
(nth (om::om-get-selected-item-index m) (om::om-get-item-1list m)))

)

;button to edit the input chords
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 240 71)
(om::om-make-point 200 20)
"Edit input chords"
:di-action #’(lambda (b)
(om::openeditorframe ; open a voice window displaying the input chords
(om::omNG-make-new-instance
(input-chords (om::object editor))
"input chords" ; name of the window
); changes are saved when closed

;button to edit the input rThythm
(om::om-make-dialog-item

’om::om-button

(om::om-make-point 240 101)

(om::om-make-point 200 20)

"Edit melody rhythm"

:di-action #’(lambda (b)

(om::openeditorframe ; open a voice window displaying the input rhythm
(om::omNG-make-new-instance
(input-rhythm (om::object editor))
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350 "input rhythm" ; name of the window

351 )

352 )

353 )

354 )

355

356 ;text for the slider

357 (om::om-make-dialog-item

358 ’om::om-static-text

359 (om::om-make-point 161 150)

360 (om::om-make-point 200 20)

361 "Variety of the solutions"

362 :font om::*om-default-fontlx*

363 )

364

365 ; slider to ezpress how different the solutions should be (100 = completely different,
366 ; 1 = almost mno difference)

367 (om::om-make-dialog-item

368 ’om::om-slider

369 (om::om-make-point 123 170) ; position

370 (om::om-make-point 200 20) ; size

371 "Slider"

372 :range (1 100)

373 tincrement 1

374 :value (* 100

375 (/ (variety (om::object editor)) (n-pulses (input-rhythm (om::object editor)))))
376 :di-action #’(lambda (s)

377 ; set the wvalue of wvariety to the wvalue of the pointer times
378 ; nm-values / 100, rounded douwn

379 (setf

380 (variety (om::object editor))

381 (floor ;division rounding down

382 (*

383 (om::om-slider-value s)

384 (om::n-pulses (input-rhythm (om::object editor)))
385 )

386 100

387 )

388 )

389 )

390 )

391

392 ; button to reset the input

393 (om::om-make-dialog-item

394 ’om::om-button

395 (om::om-make-point 122 250)

396 (om::om-make-point 200 20)

397 "Reset input"

398 :di-action #’(lambda (b)

399 (setf (input-chords (om::object editor)) (make-instance ’voice))
400 (setf (input-rhythm (om::object editor)) (make-instance ’voice))
401 )

402 )

403 )

404 )

405

406 5553553553555 355535553555555555555555

407 ;;; creating the search panel ;;;

408 5553555555553

409

410 ;this function creates all the elements of the search-panel (buttons, pop-up-menus,...)

411 ; coordinates here are local to search-panel
412 (defun make-search-panel (editor search-panel solution-assembly-panel)
413 (om::om-add-subviews

414 search-panel

415

416 ; title

417 (om::om-make-dialog-item

418 ’om::om-static-text

419 (om::om-make-point 205 2)
420 (om::om-make-point 120 20)
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421
422
423
424
425
426
427

428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490

"Search"
:font om::*om-default-fontlbx*

;pop-up list to select the desired solution
;this is only for the start, as a new pop-up menu is created with every new solution
;/1\ 4f you move this, you also have to move the new ones that are generating every time
the list 4is modified! see update-pop-up function
(om::om-make-dialog-item
’om::pop-up-menu
(om::om-make-point 18 130)
(om::om-make-point 262 20)
"Solution selection"
:range (solutions-list (om::object editor))
:di-action #’(lambda (m)
; set the output to the selected solution
(setf (output-solution (om::object editor))
(nth (om::om-get-selected-item-index m) (solutions-1list (om::object editor))))

; button to see the selected solution from the ones we keep with the input chords

(om::om-make-dialog-item
’om::om-button
(om::om-make-point 285 126)
(om::om-make-point 150 20)
"See with chords"
:di-action #’(lambda (b)
; 1f there is no solution to add
(if (typep (output-solution (om::object editor)) ’null)
(error "There is no selected solution.")
)
(om::openeditorframe ; open the editor of the selected solution
(om::omNG-make-new-instance
(make-instance
’poly
:voices (list
(output-solution (om::object editor))
(input-chords (om::object editor))
)
)

(format nil "solution"); mame of the window

; button to start or restart the search
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 15 50) ; position (horizontal, wvertical)
(om::om-make-point 130 20) ; size (horizontal, vertical)
"Start"
:di-action #’(lambda (b)
; reset the solutions for the new search
(setf (solutions-list (om::object editor)) ’())
(setf (solution (om::object editor)) nil)
(progn
(update-pop-up editor search-panel
(solutions-1list (om::object editor)) (om::om-make-point 18 130)
(om::om-make-point 262 20) "output-solution")
(oa::om-invalidate-view editor)
)
; reset the boolean that tells wether we want to stop the search or not
(setf (stop-search (om::object editor)) nil)
(cond
((string-equal (tool-mode (om::object editor)) "Melody-Finder")
(let init; list to take the result of the call to melody-finder
; get the search engine and the first solution of the CSP
(setq init (melody-finder (input-chords (om::object editor))
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491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561

(input-rhythm (om::object editor))
(optional-constraints (om::object editor))
(global-interval (om::object editor))
(key (om::object editor))
(mode (om::object editor))))
; update the fields of the object to their new wvalue
(setf (result (om::object editor)) init)

)
)
((string-equal (tool-mode (om::object editor)) "Variation maker")
(let init
(setq init (variator (input-chords (om::object editor))
(input-rhythm (om::object editor))
(key (om::object editor))
(mode (om::object editor))
0.6))
(setf (result (om::object editor)) init)
)
)

; button to find the mext solution
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 160 50) ; position
(om::om-make-point 130 20) ; size
n NeXt n
:di-action #’(lambda (b)

(if (typep (result (om::object editor)) ’null)
(error "The problem has not been initialized. Please set the input and
press Start.")
)
(print "Searching for the next solution")
;reset the boolean because we want to continue the search
(setf (stop-search (om::object editor)) nil)
;get the nexzt solution
; start a new thread for the exzecution of the nexzt method
(mp:process-run-function
"next thread" ; mname of the thread, not necessary but useful
nil ; process initialization keywords, not needed here
(lambda () ; function to call
(setf (solution (om::object editor))
(search-next (result (om::object editor))
(om::tree (input-rhythm (om::object editor)))
(om::object editor)))
; tempo = tempo (input)
(setf (om::tempo (solution (om::object editor)))
(om::tempo (input-rhythm (om::object editor))))
(om::openeditorframe ; open a voice window displaying the solution
(om::omNG-make-new-instance
(solution (om::object editor)); the mew solution
"current solution" ; name of the window

)
)

; arguments if mnecessary

; button to stop the search if the user wishes to
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 305 50)
(om::om-make-point 130 20)
" Stop n
:di-action #’(lambda (b)
set the boolean to true so when the timestop object tells the search engine it

>

’

stopped,

©t can check and see the user stopped the search
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562 (setf (stop-search (om::object editor)) t)

563 )

564 )

565

566 ; button to open the wvoice object editor of the current solution

567 (om::om-make-dialog-item

568 ’om::om-button

569 (om::om-make-point 15 90); position

570 (om::om-make-point 202 20); size

571 "See solution"

572 :di-action #’(lambda (b)

573 (if (typep (solution (om::object editor)) ’null)

574 (error "There is no solution. Start the search to find solutions.")
575 )

576 (om::openeditorframe ; open a voice window displaying the solution
577 (om::omNG-make-new-instance

578 (solution (om::object editor)); the last solution
579 "current solution" ; name of the window

580 )

581 )

582 )

583 )

584

585 ;button to add the solution to the list of solutions

586 (om::om-make-dialog-item

587 ’om::om-button

588 (om::om-make-point 233 90) ; position

589 (om::om-make-point 202 20) ; size

590 "Keep Solution"

591 :di-action #’(lambda (b)

592 (if (typep (solution (om::object editor)) ’null)

593 (error "There is no solution to keep.")

594 )

595 ;add the element to the list

596 ; if tt’s the first solution

597 (if (typep (solutions-list (om::object editor)) ’null)
598 (setf (solutions-list (om::object editor))

599 (list (solution (om::object editor))))

600 (nconc (solutions-list (om::object editor))

601 (list (solution (om::object editor))))

602 )

603 (progn

604 (update-pop-up editor search-panel

605 (solutions-list (om::object editor)) (om::om-make-point 18 130)
606 (om::om-make-point 262 20) "output-solution")

607 (oa::om-invalidate-view editor)

608 )

609 )

610 )

611

612 ; button add the selected solution to the list of motifs

613 (om::om-make-dialog-item

614 ’om::om-button

615 (om::om-make-point 15 170) ; position (hortzontal, wvertical)

616 (om::om-make-point 130 20) ; size (horizontal, wvertical)

617 "Add to motifs"

618 :di-action #’(lambda (b)

619 (if (typep (output-solution (om::object editor)) ’null)
620 (error "There is no motif to keep.")

621 )

622 (if (typep (motifs-list (om::object editor)) ’null)
623 (setf (motifs-list (om::object editor))

624 (list

625 (make-instance ’poly

626 :voices (list (output-solution (om::object editor))
627 (input-chords (om::object editor)))

628 )

629 ); 4nitialize the list

630 )

631 (nconc (motifs-list (om::object editor))

632 (list
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633 (make-instance ’poly

634 :voices (list (output-solution (om::object editor))
635 (input-chords (om::object editor)))

636 )

637 ); create a list containing the new motif

638 ); add it to the end

639 )

640 (progn

641 (update-pop-up editor solution-assembly-panel

642 (motifs-1list (om::object editor))

643 (om::om-make-point 18 130)

644 (om::om-make-point 262 20)

645 "output-motif"); update the pop-up menu

646 (oa::om-invalidate-view editor)

647 )

648 )

649 )

650

651 ; button to add the selected solution to the list of phrases

652 (om::om-make-dialog-item

653 ’om::om-button

654 (om::om-make-point 160 170) ; position

655 (om::om-make-point 130 20) ; size

656 "Add to phrases"

657 :di-action #’(lambda (b)

658 (if (typep (output-solution (om::object editor)) ’null)
659 (error "There is no phrase to keep.")

660 )

661 (if (typep (phrases-list (om::object editor)) ’null)
662 (setf (phrases-list (om::object editor))

663 (list

664 (make-instance ’poly

665 :voices (list (output-solution (om::object editor))
666 (input-chords (om::object editor)))

667 )

668 ); initialize the list

669 )

670 (nconc (phrases-list (om::object editor))

671 (list

672 (make-instance ’poly

673 :voices (list (output-solution (om::object editor))
674 (input-chords (om::object editor)))

675 )

676 ); create a list containing the phrase

677 ); add it to the end

678 )

679 (progn

680 (update-pop-up editor solution-assembly-panel

681 (phrases-list (om::object editor))

682 (om::om-make-point 18 230)

683 (om::om-make-point 262 20)

684 "output-phrase"); update the pop-up menu

685 (oa::om-invalidate-view editor)

686 )

687 )

688 )

689

690 ; button to add the selected solution to the list of pertods

691 (om::om-make-dialog-item

692 ’om::om-button

693 (om::om-make-point 305 170)

694 (om::om-make-point 130 20)

695 "Add to periods"

696 :di-action #’(lambda (b)

697 (if (typep (output-solution (om::object editor)) ’null)
698 (error "There is no period to keep.")

699 )

700 (if (typep (periods-list (om::object editor)) ’null)
701 (setf (periods-list (om::object editor))

702 (list

703 (make-instance ’poly
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704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773

:voices (list (output-solution (om::object
(input-chords (om::object editor)))

)
); initialize the list
)
(nconc (periods-list (om::object editor))
(list

(make-instance ’poly
:voices (list (output-solution (om::object
(input-chords (om::object editor)))
)
); create a list containing the period
); add it to the end

)
(progn
(update-pop-up editor solution-assembly-panel
(periods-1list (om::object editor))
(om::om-make-point 18 330)
(om::om-make-point 262 20)
"output-period"); update the pop-up menu
(oa::om-invalidate-view editor)
)

3999333333333 3333333333333 33333333333

;;, creating the constraints panel ;;;

3999933333333 3333333333333 333333333333

editor))

editor))

; this function creates the elements of the main additional constraints panel

; coordinates here are local to constraint-panel
(defun make-constraints-panel (editor constraints-panel)
(om::om-add-subviews
constraints-panel

; title

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 380 2)
(om::om-make-point 200 20)
"Additional constraints"
:font om::*om-default-fontlb*

; this function creates the elements of the general constraints panel
; coordinates here are local to gemeral-constraints-panel

(defun make-general-constraints-panel (editor general-constraints-panel)

(om::om-add-subviews
general-constraints-panel

; title
(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 47 2)
(om::om-make-point 200 20)
"General constraints"
:font om::*om-default-fontlb*

;checkbox for all-different constraint
(om::om-make-dialog-item

’om::om-check-box

(om::om-make-point 10 30) ; position

(om::om-make-point 20 20) ; size

"All different notes"

:checked-p (find "all-different-notes" (optional-constraints (om
test #’equal)
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774
775
776
i
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793

794 )

795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844

B

’

:di-action #’(lambda (c)
(if (om::om-checked-p c)
(push "all-different-notes"
(optional-constraints (om::object editor)))
(setf (optional-constraints (om::object editor))
(remove "all-different-notes"
(optional-constraints (om::object editor))

; name for all-different constraint
(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 30)
(om::om-make-point 200 20)
"All different notes"
:font om::*om-default-fontl*

:test #’equal))

this function creates the elements of the motif-maker constraints panel
coordinates here are local to motif-maker-constraints-panel

(defun make-motif-maker-constraints-panel (editor motif-maker-constraints-panel)

(om::om-add-subviews

motif-maker-constraints-panel

; title

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 35 2)
(om::om-make-point 200 20)
"Motif Maker constraints"
:font om::*xom-default-fontlb*

;checkbox for strictly-increasing-pitch constraint
(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 30) ; position
(om::om-make-point 20 20) ; size
"Strictly increasing pitch"
:checked-p (find "strictly-increasing-pitch"
(optional-constraints (om::object editor)) :test #’equal)
:di-action #’(lambda (c)
(if (om::om-checked-p c)
(push "strictly-increasing-pitch"
(optional-constraints (om::object editor)))
(setf (optional-constraints (om::object editor))
(remove "strictly-increasing-pitch"
(optional-constraints (om::object editor))

; mame for strictly-increasing-pitch constraint
(om::om-make-dialog-item

’om::om-static-text

(om::om-make-point 30 30)

(om::om-make-point 150 20)

"Strictly increasing pitch"

:font om::*om-default-fontlx*

;checkbox for strictly-decreasing-pitch constraint
(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 50) ; position
(om::om-make-point 20 20) ; size
"Strictly decreasing pitch"
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845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915

:checked-p (find "strictly-decreasing-p
(optional-constraints (om::object edi
:di-action #’(lambda (c)
(if (om::om-checked-p c)
(push "strictly-decreas
(optional-constraints

itch"
tor)) :test #’equal)

ing-pitch"
(om::object editor)))

(setf (optional-constraints (om::object editor))

(remove "strictly-decre
(optional-constraints

)

asing-pitch"

(om::object editor)) :test #’equal))

(print (optional-constraints (om::object editor)))

; mame for strictly-decreasing-pitch constraint

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 50)
(om::om-make-point 200 20)
"Strictly decreasing pitch"
:font om::*om-default-fontlx*

;checkbox for increasing-pitch constraint
(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 70) ; position
(om::om-make-point 20 20) ; size
"Increasing pitch"
:checked-p (find "increasing-pitch"
(optional-constraints (om::object edi
:di-action #’(lambda (c)
(if (om::om-checked-p c)
(push "increasing-pitch

tor)) :test #’equal)

" (optional-constraints

(om::object editor)))

(setf (optional-constraints (om::object editor))

(remove "increasing-p

itch"

(optional-constraints (om::object editor)) :test #’equal))

; mame for increasing-pitch constraint
(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 70)
(om::om-make-point 150 20)
"Increasing pitch"
:font om::*om-default-fontlx*

;checkbox for decreasing-pitch constraint
(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 90) ; position
(om::om-make-point 20 20) ; size
"Decreasing pitch"
:checked-p (find "decreasing-pitch"
(optional-constraints (om::object edi
:di-action #’(lambda (c)
(if (om::om-checked-p c)
(push "decreasing-pitch
(optional-constraints

tor)) :test #’equal)

(om::object editor)))

(setf (optional-constraints (om::object editor))

(remove "decreasing-p

itch"

(optional-constraints (om::object editor)) :test #’equal))

; mame for decreasing-pitch constraint
(om::om-make-dialog-item
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916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979

980
981
982
983
984
985

’om::om-static-text
(om::om-make-point 30 90)
(om::om-make-point 200 20)
"Decreasing pitch"

:font om::*xom-default-fontlx*

;checkbox for mostly-increasing-pitch constraint

(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 110) ; position
(om::om-make-point 20 20) ; size
"Mostly increasing pitch"

:checked-p (find "mostly-increasing-pitch"
(optional-constraints (om::object editor))

:di-action #’(lambda (c)
(if (om::om-checked-p c)

:test #’equal)

(push "mostly-increasing-pitch"
(om::object editor)))
(setf (optional-constraints (om::object editor))
(remove "mostly-increasing-pitch"
(optional-constraints (om::object editor)) :test #’equal))

(optional-constraints

; mame for mostly-increasing-pitch constraint

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 110)
(om::om-make-point 150 20)
"Mostly increasing pitch"
:font om::*om-default-fontlx*

;checkboxz for mostly-decreasing-pitch constraint

(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 130) ; position
(om::om-make-point 20 20) ; size
"Mostly decreasing pitch"

:checked-p (find "mostly-decreasing-pitch"
(optional-constraints (om::object editor))

:di-action #’(lambda (c)
(if (om::om-checked-p c)

:test #’equal)

(push "mostly-decreasing-pitch"
(om::object editor)))

(optional-constraints

(setf (optional-constraints

(om::object editor))

(remove "mostly-decreasing-pitch"
(optional-constraints (om::object editor)) :test #’equal))

; mame for mostly-decreasing-pitch constraint

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 130)
(om::om-make-point 150 20)
"Mostly decreasing pitch"
:font om::*om-default-fontlx*

; mame for the pop-up menu allowing to select the global interval for both mostly

increasing/decreasing

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 10 150)
(om::om-make-point 200 20)
"Total interval (in semitones)"
:font om::*om-default-fontlx*
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986 )

987

988 ; pop-up menu for the selection of the global <nterval that the melody should go to for
both

989 (om::om-make-dialog-item

990 ’om::pop-up-menu

991 (om::om-make-point 10 170)

992 (om::om-make-point 180 20)

993 "Key selection"

994 :range (loop :for n :from 1 :below 25 :by 1 collect (write-to-string n))

995 :value (global-interval (om::object editor))

996 :di-action #’(lambda (m)

997 (setf (global-interval (om::object editor))

998 (nth (om::om-get-selected-item-index m)

999 (om::om-get-item-list m)))

1000 )

1001 )

1002 )

1003 )

1004

1005 ; this function creates the elements of the phrase-maker constraints panel

1006 ; coordinates here are local to motif-maker-constraints-panel

1007 (defun make-motif-maker-constraints-panel (editor motif-maker-constraints-panel)
1008 (om::om-add-subviews

1009 motif-maker-constraints-panel

1010

1011 ; title

1012 (om::om-make-dialog-item

1013 ’om::om-static-text

1014 (om::om-make-point 35 2)

1015 (om::om-make-point 200 20)

1016 "Phrase Maker constraints"

1017 :font om::*om-default-fontlbx*

1018 )

1019

1020 ;checkbox for strictly-increasing-pitch constraint

1021 (om::om-make-dialog-item

1022 ’om::om-check-box

1023 (om::om-make-point 10 30) ; position

1024 (om::om-make-point 20 20) ; size

1025 "Strictly increasing pitch"

1026 :checked-p (find "strictly-increasing-pitch"

1027 (optional-constraints (om::object editor)) :test #’equal)
1028 :di-action #’(lambda (c)

1029 (if (om::om-checked-p c)

1030 (push "strictly-increasing-pitch"

1031 (optional-constraints (om::object editor)))
1032 (setf (optional-constraints (om::object editor))
1033 (remove "strictly-increasing-pitch"

1034 (optional-constraints (om::object editor)) :test #’equal))
1035 )

1036 )

1037 )

1038

1039 ; mame for strictly-increasing-pitch constraint

1040 (om::om-make-dialog-item

1041 ’om::om-static-text

1042 (om::om-make-point 30 30)

1043 (om::om-make-point 150 20)

1044 "Strictly increasing pitch"

1045 :font om::*om-default-fontlx*

1046 )

1047

1048 ;checkbox for strictly-decreasing-pitch constraint

1049 (om::om-make-dialog-item

1050 ’om::om-check-box

1051 (om::om-make-point 10 50) ; position

1052 (om::om-make-point 20 20) ; size

1053 "Strictly decreasing pitch"

1054 :checked-p (find "strictly-decreasing-pitch"

1055 (optional-constraints (om::object editor)) :test #’equal)

142



1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126

:di-action #’(lambda (c)
(if (om::om-checked-p c)
(push "strictly-decreas
(optional-constraints

ing-pitch"
(om::object editor)))

(setf (optional-constraints (om::object editor))

(remove "strictly-decre
(optional-constraints
)

(print (optional-constrai

asing-pitch"

(om::object editor)) :test #’equal))

nts (om::object editor)))

; mame for strictly-decreasing-pitch constraint

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 50)
(om::om-make-point 200 20)
"Strictly decreasing pitch"
:font om::*om-default-fontlx*

;checkbox for increasing-pitch constraint
(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 70) ; position
(om::om-make-point 20 20) ; size
"Increasing pitch"
:checked-p (find "increasing-pitch"
(optional-constraints (om::object edi
:di-action #’(lambda (c)
(if (om::om-checked-p c)
(push "increasing-pitch

tor)) :test #’equal)

" (optional-constraints

(om::object editor)))

(setf (optional-constraints (om::object editor))

(remove "increasing-p

itch"

(optional-constraints (om::object editor)) :test #’equal))

; mame for increasing-pitch constraint
(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 70)
(om::om-make-point 150 20)
"Increasing pitch"
:font om::*om-default-fontlx*

;checkbox for decreasing-pitch constraint
(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 90) ; position
(om::om-make-point 20 20) ; size
"Decreasing pitch"
:checked-p (find "decreasing-pitch"
(optional-constraints (om::object edi
:di-action #’(lambda (c)
(if (om::om-checked-p c)
(push "decreasing-pitch
(optional-constraints

tor)) :test #’equal)

(om::object editor)))

(setf (optional-constraints (om::object editor))

(remove "decreasing-p

itch"

(optional-constraints (om::object editor)) :test #’equal))

; mame for decreasing-pitch constraint

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 90)
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1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188

1189
1190
1191
1192
1193
1194
1195
1196

(om::om-make-point 200 20)
"Decreasing pitch"
:font om::*om-default-fontlx*

;checkboxz for mostly-increasing-pitch constraint

(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 110) ; position
(om::om-make-point 20 20) ; size
"Mostly increasing pitch"
:checked-p (find "mostly-increasing-pit

(optional-constraints (om::object editor))

:di-action #’(lambda (c)
(if (om::om-checked-p c)

ch"

:test #’equal)

(push "mostly-increasing-pitch"
(om::object editor)))
(setf (optional-constraints (om::object editor))
(remove "mostly-increasing-pitch"
(optional-constraints (om::object editor)) :test #’equal))

(optional-constraints

; mame for mostly-increasing-pitch constraint

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 110)
(om::om-make-point 150 20)
"Mostly increasing pitch"
:font om::*om-default-fontlx*

;checkbox for mostly-decreasing-pitch constraint

(om::om-make-dialog-item
’om::om-check-box
(om::om-make-point 10 130) ; position
(om::om-make-point 20 20) ; size
"Mostly decreasing pitch"
:checked-p (find "mostly-decreasing-pit

(optional-constraints (om::object editor))

:di-action #’(lambda (c)
(if (om::om-checked-p c)

ch"

:test #’equal)

(push "mostly-decreasing-pitch"

(om::object editor)))

(setf (optional-constraints (om::object editor))
(remove "mostly-decreasing-pitch"

(optional-constraints

(optional-constraints

; mame for mostly-decreasing-pitch constraint

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 130)
(om::om-make-point 150 20)
"Mostly decreasing pitch"
:font om::*om-default-fontlx*

(om::object editor)) :test #’equal))

; mame for the pop-up menu allowing to select the global interval for both mostly

increasing/decreasing

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 10 150)
(om::om-make-point 200 20)
"Total interval (in semitones)"
:font om::*om-default-fontlx*
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1197

1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252

1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265

; pop-up menu for the selection of the global interval that the melody should go to for
both
(om::om-make-dialog-item
’om::pop-up-menu
(om::om-make-point 10 170)
(om::om-make-point 180 20)
"Key selection"
:range (loop :for n :from 1 :below 25 :by 1 collect (write-to-string n))
:value (global-interval (om::object editor))
:di-action #’(lambda (m)
(setf (global-interval (om::object editor))
(nth (om::om-get-selected-item-index m)
(om::om-get-item-list m)))

)

; this function creates the elements of the pertod-maker constraints panel
; coordinates here are local to period-maker-constraints-panel
(defun make-period-maker-constraints-panel (editor period-maker-constraints-panel)
(om::om-add-subviews
period-maker-constraints-panel

; title

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 30 2)
(om::om-make-point 200 20)
"Period Maker constraints"
:font om::*om-default-fontilb*

3999933333333 3333333333993 3333333333333

;;; creating the solution assembly panel ;;;

; this function creates the elements of the solution-assembly panel
; coordinates here are local to solution-assembly-panel
(defun make-solution-assembly-panel (editor solution-assembly-panel)
(om::om-add-subviews
solution-assembly-panel

; title
(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 167 2)
(om::om-make-point 120 20)
"Solution assembly"
:font om::*om-default-fontlbx*

;pop-up list to select the desired motif
;this is only for the start, as a new pop-up menu ts created with every new solution
;/!\ if you move this, you also have to move the new ones that are gemerating every time
the list is modified! see update-pop-up function
(om::om-make-dialog-item
’om::pop-up-menu
(om::om-make-point 18 130)
(om::om-make-point 262 20)
"Motif selection"
:range (motifs-1list (om::object editor))
:di-action #’(lambda (m)
; set the output to the selected solution
(setf (output-motif (om::object editor))
(nth (om::om-get-selected-item-index m)
(motifs-list (om::object editor))))
(let ((indx (om::om-get-selected-item-index m)))
(om::openeditorframe ; open the editor of the selected solution

145



1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336

(om::omNG-make-new-instance
(output-motif (om::object editor))
(format nil "motif ~D" (1+ indx)),; name of the window

; mame for the pop-up list
(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 20 110)
(om::om-make-point 200 20)
"Motifs"
:font om::*om-default-fontlx*

; button to add a motif before the current melody
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 15 155)
(om::om-make-point 202 20)
"Add before current melody"
:di-action #’(lambda (b)
(if (typep (output-motif (om::object editor)) ’null)
(error "There is no motif to add.")
)
(if (typep (melody (om::object editor)) ’null)
(setf (melody (om::object editor)) (output-motif (om::object editor)))
(setf (melody (om::object editor))
(om::concat (output-motif (om::object editor))
(melody (om::object editor))))

; button to add a motif after the current melody
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 233 155)
(om::om-make-point 202 20)
"Add after current melody"
:di-action #’(lambda (b)
(if (typep (output-motif (om::object editor)) ’null)
(error "There is no motif to add.")
)
(if (typep (melody (om::object editor)) ’null)
(setf (melody (om::object editor)) (output-motif (om::object editor)))
(setf (melody (om::object editor))
(om::concat (melody (om::object editor))
(output-motif (om::object editor))))

)

;button to reset the list of motifs
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 285 126)
(om::om-make-point 150 20)
"Reset"
:di-action #’(lambda (b)
(setf (motifs-1list (om::object editor)) nil)
(setf (output-motif (om::object editor)) nil)
(update-pop-up editor solution-assembly-panel
(motifs-list (om::object editor))
(om::om-make-point 18 130)
(om::om-make-point 262 20)
"output-motif"); update the pop-up menu
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1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382

1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401

1402
1403
1404
1405

; pop-up list to select the desired phrase
(om::om-make-dialog-item

’om::pop-up-menu

(om::om-make-point 18 230)
(om::om-make-point 262 20)

"Phrase selection"

:range (phrases-list (om::object editor))
:di-action #’(lambda (m)

’

set the output to the selected solution

(setf (output-phrase (om::object editor))

(nth (om::om-get-selected-item-index m)
(phrases-1list (om::object editor))))

(let ((indx (om::om-get-selected-item-index m)))

(om::openeditorframe
(om::omNG-make-new-instance
(output-phrase (om::object editor))
(format nil "phrase ~D" (1+ indx)); name of the window

; mame for the pop-up list

(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 20 210)
(om::om-make-point 200 20)

"Phrases"

:font om::*om-default-fontlx*

)

;button to add a phrase before the current melody
(om::om-make-dialog-item

’om::om-button

(om::om-make-point 15 255)
(om::om-make-point 202 20)
"Add before current melody"
:di-action #’(lambda (b)
(if (typep (output-phrase (om::object editor)) ’null)

)

(error "There is no phrase to add.")

(if (typep (melody (om::object editor)) ’null)

)

)

(setf (melody (om::object editor)) (output-phrase (om::object editor))

(setf (melody (om::object editor))
(om::concat (output-phrase (om::object editor))
(melody (om::object editor))))

;button to add phrase after the current melody
(om::om-make-dialog-item

’om::om-button

(om::om-make-point 233 255)
(om::om-make-point 202 20)
"Add after current melody"
:di-action #’(lambda (b)
(if (typep (output-phrase (om::object editor)) ’null)

)

(error "There is no phrase to add.")

(if (typep (melody (om::object editor)) ’null)

)

(setf (melody (om::object editor)) (output-phrase (om::object editor))
(setf (melody (om::object editor))

(om::concat (melody (om::object editor))
(output-phrase (om::object editor))))
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1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469

1470
1471
1472
1473
1474
1475

;button to reset the list of phrases
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 285 226)
(om::om-make-point 150 20)
"Reset"
:di-action #’(lambda (b)
(setf (phrases-list (om::object editor)) mnil)
(setf (output-phrase (om::object editor)) nil)
(update-pop-up editor solution-assembly-panel
(phrases-1list (om::object editor))
(om::om-make-point 18 230)
(om::om-make-point 262 20)
"output-motif"); update the pop-up menu

; pop-up list to select the desired period
(om::om-make-dialog-item
’om::pop-up-menu
(om::om-make-point 18 330)
(om::om-make-point 262 20)
"Period selection"
:range (periods-list (om::object editor))
:di-action #’(lambda (m)
; set the output to the selected solution
(setf (output-period (om::object editor))
(nth (om::om-get-selected-item-index m)
(periods-1list (om::object editor))))
(let ((indx (om::om-get-selected-item-index m)))
(om::openeditorframe
(om::omNG-make-new-instance
(output-period (om::object editor))
(format nil "period ~D" (1+ indx))

; mame for the pop-up list
(om::om-make-dialog-item
’om::om-static-text
(om::om-make-point 20 310)
(om::om-make-point 200 20)
"Periods"
:font om::*om-default-fontlx*

; button to add a pertod before the current melody
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 15 355)
(om::om-make-point 202 20)
"Add before current melody"
:di-action #’(lambda (b)
(if (typep (output-period (om::object editor)) ’null)
(error "There is no period to add.")
)
(if (typep (melody (om::object editor)) ’null)
(setf (melody (om::object editor)) (output-period (om::object editor))

)
(setf (melody (om::object editor))
(om::concat (output-period (om::object editor))
(melody (om::object editor))))
)
)
)
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1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488

1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545

; button to add a pertod after the current melody
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 232 355)
(om::om-make-point 202 20)
"Add after current melody"
:di-action #’(lambda (b)
(if (typep (output-period (om::object editor)) ’null)
(error "There is no period to add.")
)
(if (typep (melody (om::object editor)) ’null)
(setf (melody (om::object editor)) (output-period (om::object editor))

)
(setf (melody (om::object editor))
(om::concat (melody (om::object editor))
(output-period (om::object editor))))
)
)
)

;button to reset the list of periods
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 285 326)
(om::om-make-point 150 20)
"Reset"
:di-action #’(lambda (b)
(setf (periods-list (om::object editor)) mnil)
(setf (output-period (om::object editor)) nil)
(update-pop-up editor solution-assembly-panel
(periods-1list (om::object editor))
(om::om-make-point 18 330)
(om::om-make-point 262 20)
"output-motif"); update the pop-up menu

;button to show the melody
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 15 430)
(om::om-make-point 420 20)
"Show melody"
:di-action #’(lambda (b)
(if (typep (melody (om::object editor)) ’null)
(error "There is no melody currently.")
)
(om::openeditorframe ; open a voice window displaying the input chords
(om:: omNG-make-new-instance
(melody (om::object editor))
"melody" ; name of the window

)

;button to save the melody as a phrase
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 15 460)
(om::om-make-point 202 20)
"Save as phrase"
:di-action #’(lambda (b)
(if (typep (melody (om::object editor)) ’null)
(error "There is no melody to keep.")
)
(if (typep (phrases-list (om::object editor)) ’null)
(setf (phrases-list (om::object editor))
(list (melody (om::object editor)))); <nitialize the list
(nconc (phrases-list (om::object editor))
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1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598 )

(list (melody (om::object editor)))); add it to the end
)
(progn
(update-pop-up editor solution-assembly-panel
(phrases-1list (om::object editor))
(om::om-make-point 18 230)
(om::om-make-point 262 20)
"output-phrase"); update the pop-up menu
(oa::om-invalidate-view editor)

; button to save the melody as a period
(om::om-make-dialog-item
’om::om-button
(om::om-make-point 233 460)
(om::om-make-point 202 20)
"Save as period"
:di-action #’(lambda (b)
(if (typep (melody (om::object editor)) ’null)
(error "There is no melody to keep.")
)
(if (typep (periods-list (om::object editor)) ’null)
(setf (periods-list (om::object editor))
(list (melody (om::object editor)))); initialize the list
(nconc (periods-list (om::object editor))
(list (melody (om::object editor)))); add it to the end
)
(progn
(update-pop-up editor solution-assembly-panel
(periods-1list (om::object editor))
(om::om-make-point 18 330)
(om::om-make-point 262 20)
"output-period"); update the pop-up menu
(oa::om-invalidate-view editor)

; button to reset the melody
(om::om-make-dialog-item

’om::om-button

(om::om-make-point 15 490)

(om::om-make-point 420 20)

"Reset melody"

:di-action #’(lambda (b)

(setf (melody (om::object editor)) mnil)
)
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