1A Constraint Based Approach to Musical Textures andInstrumental WritingMikael Laurson and Mika KuuskankareCenter for Music and Technology, Sibelius Academy, P.O.Box 86, 00251 Helsinki, Finlandemail: laurson@siba.fi, mkuuskan@siba.fiAbstractPatchWork (PW), (Laurson, 1996a), is a visual programming language which has a direct correspondenceto its base languages Common Lisp and CLOS. The user operates with graphical entities (boxes) anddefines relations between them with the help of connections. PW has been extended by several userlibraries that are designed to solve specific musical problems.Our focus in this paper is a user library called PWConstraints (Laurson 1996a and 1996b). InPWConstraints the user does not formulate stepwise algorithms but describes the desired result with a setof rules. This approach has been used to solve concrete large-scale musical problems. During the last yearsPWConstraints has been extended to cover other areas such as generation of rhythms, textures andexpressions. This paper offers also some new ideas how instrumental writing could be incorporated moredeeply in the computer aided composition process.1 BackgroundPWConstraints is a rule-based programming language where the user writes rules to describe the endresult from many different points of view. A search-space is defined as a set of search-variables. Eachsearch-variable has a domain containing a list of values. In a rule a pattern-matching language is used toextract relevant information from a potential solution. This information is given to a Lisp test function thateither accepts or rejects the current choice made by the search-engine. The rules are compiled to efficientLisp functions.The pattern-matching part of a rule uses a fairly typical pattern-matching syntax. It can containvariables, anonymous-variables, wild card and index-variables. A variable extracts single values from apartial solution. By contrast, an anonymous-variable is never bound to a value, i.e. it only acts as a "place-holder" in the pattern. The wild card matches any continuous part of a partial solution. Finally, an index-variable extracts values from an absolute position. As an example a rule disallowing two adjacent equalvalues in a result is written as follows (this rule uses a wild card and two variables):(* ?1 ?2 (?if (/= ?1 ?2)) "no equal adjacent values")The user can also define preferences by heuristic rules. These are similar to the ordinary PWConstraintsrules except the Lisp-code part of a heuristic rule returns a numerical value instead of a truth value(heuristic rules never reject candidates). This scheme allows the search to sort candidates that are acceptedby the ordinary rules. The search tends to favour candidates with high numerical values. For instance aheuristic rule that prefers large intervals can be written as follows: (* ?1 ?2 (?if (abs (- ?2 ?1))) "prefer large intervals")Two classical constraint satisfaction tools (forward checking and back jumping) allow the user tooptimise a difficult problem.

2Besides these basic tools PWConstraints contains several extensions. The most important and complex oneis used to solve polyphonic search problems. This is accomplished with a function called Score-PMC. Likein a traditional polyphonic score, the user operates with several layers (parts, voices) of events (notes).The rhythmic structure of a search problem is prepared in advance in a standard PW rhythm-editor. Thisinput score (which can be arbitrary complex) is given as an argument to the search engine. The search, inturn, aims at filling the input score with pitch information according to the given rules. In a sense Score-PMC can be seen as a multi-layered search problem where each melodic line represents one queuestructure similar to the one used by a simple search problem. For more details see Laurson (1996a) andRueda et al. (1998).2 Texture-PMCLately the multi-layered search idea has been extended to cover other parameters than pitch. A newfunction called Texture-PMC uses internally the Score-PMC function and is capable of producing complexrhythms and textures. The input-score consists of a dense train of pulses. Each input pulse can beinterpreted either as an attack, tie, rest or some other texture type.A Texture-PMC problem is solved in three steps (Figure 1): (1) the user enters the pulses (upper staff);(2) Texture-PMC is run - this results in an intermediate result where each pulse can take one of thefollowing pitch-values: C4, C#4 or D4 - (middle staff); (3) the pitch information shown in the middle staffis interpreted as follows: all C4s become attacks, all C#4s become rests and finally all D4s are consideredto be ties. The lowest staff of Figure 1 gives the resulting rhythm. This scheme can be extended easily tocover other textural types by adding more pitch-values to the input pulses. The intermediate result (step2) is typically not shown to the user. All mappings are done automatically by the system. This means thatthe user sees only the first staff (the pulse input) and the result (the lowest staff). Furthermore, the userdoes not have to worry in Texture-PMC rules how the mappings work internally. The rhythmical andtextural properties are always referred to symbolically (such as ÔattackÕ, ÔrestÕ, ÔtieÕ).Figure 1. Mapping a pulse train into attacks, ties and rests.The example in Figure 1 was realised using five rules. One of them states that all downbeat pulses(except in the first beat of a measure) should be rests:(* ?1 (and (/= (beatnum ?1) 1) (downbeat? ?1)) (?if (= (r ?1) rest)) "downbeat rests")A complementary rule states that all downbeat pulses in the first beat of a measure should be attacks: (* ?1 (and (= (beatnum ?1) 1) (downbeat? ?1)) (?if (= (r ?1) attack)) "downbeat attacks")

3The next example (Figure 2) demonstrates how Texture-PMC works in a polyphonic context: Figure 2. A polyphonic rhythmic result.The two first measures of the second part in Figure 2 use similar rules than our previous example. Thetwo first measures of part one, in turn, have always attacks at downbeats. The third measure uses aÒhocketÓ rule that forces the parts to alternate attacks and rests. Finally, in the fourth measure the partsare synchronised.Figure 3 shows an eight-part texture. Here the rules control the number of simultaneous notes in eachmeasure: in measure 1 each attack consists of a single note, in measure 2 each attack has two notes, inmeasure 3 three notes and in measure 4 the number of notes is four. After this the process is reversed sothat the example ends with a measure consisting of one-note attacks:Figure 3. An eight-part example with varying density.An attack in the final result can consist of any PW-chord object. Due to the flexible nature of the PW-chord object, an attack can thus have several textural interpretations: it can be a simple one-note chordwith various dynamic levels, it can be a multi-note chord resulting in attacks with varying note density, itcan consist of a multi-note chord where the notes have varying offset times (relative to the start time of thechord) resulting in "grace chords", "clouds of notes", etc. A chord can also be attached a label (such as"pizz", "harm", "gliss") allowing for instance to define different modes of playing when working withinstrumental parts. Figure 4 gives an example with various PW-chord manifestations:Figure 4. An imitative texture example with one-note chords, two-note chords, simple grace-notes and grace-notegroups.

4Our next example demonstrates how Texture-PMC can be used as a kind of texturalÒanalysis/resynthesisÓ tool. A musical excerpt is analysed by the user and the rhythmical and texturalfeatures are converted to Texture-PMC rules. After this Texture-PMC is run in order to reproduce - orÒresynthesiseÓ - the original musical texture. Typically the result is not an exact replicate of the original.Figure 5 shows one result using seven textural rules (the original musical excerpt comes from the first partof Gy˚rgy LigetiÕs ÒTen pieces for wind quintetÓ):Figure 5. A ÒresynthesisÓ of the beginning of LigetiÕs ÒTen pieces for wind quintetÓ.We give below two rules which define some important characteristics of Figure 5. The first rule statesthat there should be no downbeat attacks after measure one. The second rule, in turn, states that only one-note attacks are allowed after measure one.(* ?1 (and (> (measurenum ?1) 1) (downbeat? ?1)) (?if (or (= (r ?1) tie) (= (r ?1) rest))) "no downbeat attacks")(* ?1 (> (measurenum ?1) 1) (?if (atmost-N-attacks? ?1 1)) "at most one attack")Other rules control the exceptional status of measure one, the density of attacks and how rests arepositioned in the resulting texture.3 Instrumental WritingOne of the main difficulties in compositional systems is to keep track of the history of the decisions thathave been made during the search. In PWConstraints the past history is stored in a polyphonic input-score which represents the rhythmic skeleton of the search problem. This scheme allows to write complexmelodic, harmonic and voice leading rules. In order to extend the system with idiomatic instrumentalwriting each part in the input-score is given a ÒphantomÓ instrumental part. This extra part duplicates therhythmic skeleton of the main part and contains the history - fingerings, bowings, pedals - of how theinstrument is going to be played. The instrumental part has its own set of rules which are run in parallelwith the rules of the main part.In order to clarify our approach we next discuss two case studies. The first one - the classical guitar - isa good example of an instrument which is capable of playing a great number of different texture types:single melodic lines, multi-voiced chords and polyphonic textures consisting typically of 2 or 3independent parts. One must, however, consider several constraints that are inherent in the instrument: ithas six strings tuned in a specific way; the left hand of the player can use only four fingers; there is a limitof how much the left hand fingers can be stretched apart; the player must have enough time whenchanging from one left hand position to another, etc. Thus it remains a challenge to write for the guitarusing its full potential without making the result unplayable.

5Our second case study is concerned with brass instrument fingerings, the trumpet in particular, in avirtuosic context. The trumpet is a brass instrument with three valves resulting in eight differentfingerings. With each fingering a different overtone series can be played. When no valves are pressed theresulting overtone series in a C trumpet starts from C3 (we use here the convention where Ômiddle CÕ =C4). The first playable tone is always, however, the second partial. Thus, the lowest note achieved with anopen fingering is C4. When all valves are pressed down (the maximum pipe length) this results in F#3which is also the lowest natural tone of the trumpet. So called pedal tones are playable down to C3 andeven lower. These principals can be applied also to other brass instruments with valves.3.1 First Case Study: Classical GuitarThe starting point in our case studies is a database of all the main instruments of the standard westernorchestra. For string instruments this means that we can access various instrument specific informationconcerning the number of strings, their tuning, etc. The user can create new instances out of the standardinstruments through inheritance. This allows, for instance, to have instrument instances with differenttunings (scordatura).In order to demonstrate the effect of instrument specific rules we give first a short texture examplewithout fingering rules (Figure 6). (We refer in the following to the written pitch.) This example wasproduced in Score-PMC using various melodic and harmonic rules (due to space limitations we give hereonly some rough ideas about the rules that were used to produce the result): all five-note chords have theset-class identity 5-28a or 5-28b; one and two-note textures avoid pitch-class duplicates and belong to aharmonic series starting from F2; a heuristic rule aims to produce a pitch contour that resembles atriangle-shaped wave form, etc. It is obvious that the musical texture of Figure 6 is not playable with theguitar:.

&^Ï Ï_{Ï## Ï} Ï#_{Ï Ï}_{# Ï# Ï} úúú##_9 ÏÏÏ Ï Ï_4Ï# Ï# Ïn Ï# Ï ........

..ÏÏÏÏ# úúúú & &_{Ï Ï}

Ï Ï Ï Ï Ï Ï Ï

Ï Ï Ï## Ï Ï Ï# Ï# Ï Ï ú ú# 9 Ï Ï Ï_4Ï Ï Ï Ï 9 Ï Ï# Ï_4Ï Ï Ï Ï# Ï ..........Ï ú

Ï# ..........ÏÏÏ# úúú

TR &c^1 F_{12}^3Ï>Ï Ï Ï#. Ï._1^3Ïb> Ï Ï Ï. Ï._{12}^3Ï>Ïn Ï Ï. Ï._0 6Ï>Ïb Ï Ï Ï Ï# Title

&c^1_0Ï>_1Ï>_2Ï>_{1 2}Ï#>_0^5Ï>_1Ï>_2Ï#>_{1 2}Ï>_0Ï>_1^6Ï>_2Ï>_{1 2}Ï#>_0Ï>_1Ï>_2Ï#>_{1 2}JÏ> ä Title

& ä_6Ïb Ï# Ï Ï Ï Ï Ïb^7Ï Ïb Ï Ï Ï Ï Ï Ï ÏÏÏÏÏÏÏÏÏ^7ÏÏÏÏÏÏÏ & Ï_6Ïb Ï Ï Ï Ï Ï# Ïb^5Ï Ï Ï Ï Ï Ï Ï Ï Ï Ï Ï_3Ï Ï Ï^7Ï Ï> Ï> Ï> Ï> Ï> Ï> rÏb> ä

Laurson, M. and Duthen J. (1989); PatchWork, a graphical language in PreForm; Proc. Int. Computer

Laurson, M. (1996a); PATCHWORK: A Visual Programming Language and Some Musical Applications;

Rueda C., Lindberg M., Laurson M., Bloch G. and Assayag G. (1998); Integrating Constraint Programmingin Visual Musical Composition Languages; in ECAI 98 Workshop on Constraints for Artistic Applications,

Laurson, M. (1999); Recent Developments in PatchWork: PWConstraints - a Rule Based Approach to

Lasker and James Rhodes. The International Institute for Advanced Studies in Systems Research and