Improvising Jazz Chord Sequences by Means of Formal Grammars
Marc Chemillier
marc@info.unicaen.fr
Draft (February 20th, 2001)

1. Introduction

This paperdescribesa softwareimplementinga chord generatorfor DJ mix system,basedon some
principlesof jazz harmony.The systemproducesmidi output by meansof 1) a grammar-baseahord
sequence generator, and 2) a dictiorafrprecomposedneasuresmappingchord symbolsto midi/music
samples.The harmonicaspectof a jazz accompanimentelies on a tonal chord sequenceof n barsin
length which is repeated as a loop with variations, as rtiemgs as necessaryThe pianistimprovisesa
statementof the chord sequenceyarying the voicings of the chords,and introducing new chords by
applying substitutions to the original sequence. The reabjectof this paperis the implementationof
this voicing and substitution technique.

2. Steedman's Grammar

In 1984, Steedmarproposeda grammarin orderto describethe harmonicsubstitutionsplayed by jazz
musicians.His grammarwas expressedn termsof six rewriting rules taking as their input the basic
blues progression, and generating an elaboration of it such as the variant played byjauadeusicians
[Steedmarl984]. He deducedhe rulesfrom the analysisof a corpusof eight blues progressiongaken
from a bookby [Coker 1964]. Following his article, other authorshavebroughtnew developmentso
his original idea [Johnson-Laird 1991], [Pachet 1999], [Chemillier 2001].

In the example below, the first chord progression is the basic twelvatiegin C. The secondoneis a
variant generated by applying two rewriting rules to the former one.

C C C c7 C C Gm7 C7
F F C C F F C
G G7 C C Dm7 G7 C

The first rule divides the fourth bar into two parts of equal length, and can be stated as:
C7— Gm7 C7

The second one, which is applied to the ninth and tenth bars, can be stated as:
G G7—= Dm7 G7

The grammar consists in six rules of this type, each one stated with a vamdbtd cantake any degre
C, C#, O ... asvalue.In otherwords, eachrule in Steedman'grammarcorrespondso twelve different
rules. Every chordis both a terminalanda non-terminalsymbol of the grammar.An additionalrule is
introducedin which the axiom of the grammaron the left sideis replacedon the right sideby a chord
sequence which is the basic blues progression.

3. Automatic Parsing Using Lex

More recently, Steedmanpublished another paper devotedto the same subject, focusing on some
difficulties encountered when one trigsimplementa parserbasedon his grammar,dueto the fact that
the grammar is context-sensitif@teedmaril996]. In fact, as one canseeabove,somerules havemore
than one non-terminalsymbol on the left side (this is the casefor the rule G G7 — Dm7 G7 in the
precedingexample),andthereforeare not of the regular type, nor the context-freetype, in Chomsky's
classical hierarchy. As a consequence, it seems not possible to implemgrarinsaras a parserusing
tools such as Lex or Yacc.



A solution to theproblemconsistsin formalizing aspectof the grammarwhich are not explicit in the
rules described above, concerning the duration of the cHardlse secondrule of the precedingexample,
the chords on both sides of the rule have same duration. But this is not the caggshnhle, in which
each chord on theght side hashalf the durationof the chordon the left side. The action of suchrules
must be restricted, since the duration of a chord in a jazz progresgiemeisllynot lesserthan a quarter
of a bar. Inorderto takeinto accountthis restriction,we haveintroduceda modificationin the form of
Steedman's rules, by addingiew symbol to the grammarrepresentinghe barline (denoted’). The new
rules adaptedrom the original onesarethenableto preventthe durationof the chordsfrom being too
short.

It caneasily be shown that this new form of the grammaris equivalentto a finite automaton.The
duration of a chord being restricted to values greater than a gofedrar, andthe numberof barsbeing
fixed, it is obvious that the number of possible chord sequences genyatesigrammaris finite. Then
it can be generatedby a finite automaton,and we have designedan algorithm to compute the
corresponding automaton.

Using Lex, we have implemented this automaton paraer,which takesa chord sequenceas input, and
print Recognized if theequencean be generatedy the grammar,and Not recognizecbtherwise.To do
this, Lex requires a description of the automaton by means of regular expressions, and prpchgras
written in C implementing th@arser.The resulting parsertakesasinput a sequencef chordsseparated
by barlines(/), asin the following example ,wherethe input sequenceiven to the parseris the well-
knownBlues for Alicecomposed by Charlie Parker:

$ bl ues

>F/ EnVv A7 /| Dnv G/ / Cnv F7 / Bb7 / Bbnv Eb7 / Anv / Abnv Db7 / Gw
[ Cr | F7 | G C7

Recogni zed

4. Chord Formal Languages and Sampled Voicings

Our softwaregeneratingazz chord sequencess a combinationof two modules.The first one randomly
applies substitution rules to the chord progresdions generatinga formal languageof chord sequences
of the regular type. The second modal®osesvoicings for the successivehordsof the resulting chord
sequence, by selecting sampled voicings in a database. The whole program has been wisgensing
OpenMusic, which is a visual language fousic compositiondesignedat Ircam. Examplesof midifiles
generated by the program are available on the Web (www.info.unicaen.fr/~marc/publi/grammaires).

The voicing module maps the chords to midi data in order to produce a midi sequence which is ppayed by
synthetizerlt relies on a table of associationbetweenchordsand precomposednidi data called midi
samples. This table isot restrictedto one chord entries,but associatesnidi samplesto sequencesf n
consecutivechords.This meansthat the modulereadsthe input sequenceéhrougha shifting window of
lengthn. Thus the formal model for this module is a finite state transduction.

The substitution module operates by randomly choosing a posititite chord progressionwherea rule
may be applied.The basicprocedurgakesas argumenta grid andan integerk, and returnsa new grid
resultingin k applicationsof the substitutionprocesso the input grid. Here are two examples,with
respectivelyone and ten substitutionsappliedto the basic blues progressionstored in the variable
*basi c- gri d*. In these examples, chords generated dutiegubstitutionprocessare markedwith a
star.

? (rewiting *basic-grid* 1)

((ey 1 (c)y I ((g*)y 7y /! (c7)yl (f)y 1 (f) / (c)y /I (c)y /I (9) / (g 7) [/
(c) 1 (c))

? (rewiting *basic-grid* 10)

((c)y 1 (c) [ (c)y I ((c#*) 7) (c7) [ (F) [ ((f# *) 7) 1 ((f *) 7) [/
((bb *) 7) / ((eb *)) ((eb *) 7) [/ ((d *) 7) ((c# *)) [ (c) I (c))

In the presentstateof the software,the usermay interactin realtime with it, thus truly improvising.
This interaction can be done in three different ways.



First, one can modify the depth thfe substitutionprocesswhich is the numberk of rulesapplications
introduced in the examples above. When a grid is being played, the usee passibility to modify the
value ofk for the computation of the next grid. Thilke harmonicsequencean evolve betweena basic
state of the grid with few substitutions and a more complicated state with many substitutions.

The second possibility to interact with the systertoi®rientatemanualythe choiceof the chords.This
possibility is closelyrelatedto the propertywe havementionedin the previoussection concerningthe
regulartype of the chord sequencdanguagegeneratecby Steedman'grammar (restrictedto durations
which are not lesser thanbeat). The chord Xj+1 which canfollow a given chord Xj may resultin the

activation of any substitution rule applied to therentchord sequencebut furthermore,it canresultin
the activationof k successiveulesappliedin a cumulativeway. Although k might take any integer
value, it is possibleto computeall the Xj+1 that canfollow Xj, thanksto the fact that Steedman's

grammar is equivalent to a finite state automaton. As usual, this automaton may be represegregzhas a
with a finite numberof states,and arrowsrepresentingransitionsbetweenstates.Whenthe programis
running, it is possible to display the exact state of the system, and then to give the pessithiéty to
choose which transition will be activated from the current state.

A third way to interactwith the systemis to choosenew midi samplesfor the voicing module. The
databasecontainingall the available midi samplesis organizedinto different tables correspondingto
different moods, effects, and so on. Currently, the voicgtgedin the databasere arrangementm the
style of popularelectronicmusic suchas house,ambient, etc (including bass, percussionand various
effects). A very simple table of piano voicings in the boogie-woogie &yd@ailableon the Web at the
address indicated above.

4. DJing with a Chord Generator

This way of interactingwith the systemby choosingmidi samplescorrespondingo different types of
voicings iscloseto the DJ techniqueof selectingsamplesfrom recordsand mixing them together.The
DJing task consistsin selectingextractsof precomposednusic (usually storedon vinyl records),and
combining them to produce a new composition (by means of two turntadiasctedo a mixer). There
exist many softwares simulating the DJing task, by mixing in real time different type offdesli(wav,
aiff, mp3). Our system shares several aspects in common wittyplei®f software.The main difference
lies in the fact that midi samples are not chosen manualy, buwitluitomaticproceduramplementing
the substitutiongrammardescribecabove.Thus our chord generatorcan be viewed as an extensionof
traditionnal DJ software systems.

As a further develoment of the system, we plan to give the user the possibility to update thetablieing
in real time by playing new voicings on a midi keyboard connected to the computextexsionof this
updating process will consists in applying the statistieainingschemedeveloppedy [Assayagl1999].
This scheme embodies an incremental parsing algorithm based on the Lemgairpiessiortechnique.
While the systemis running, the user plays voicings correspondingo the chords generatedby the
system. Then stylistic characteristic{textures,transitions, etc.) of these voicing are learnedby the
system and added to the voicing database for further selection in the improvisation process.
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