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OVERVIEW

, - OO Ergstes complex multilayered 'selfsimilar' musical structures usinga context-free
deterministic character-based Lindenmayer System (oL-System for shor). The

character-elements of the LSystem are assighed musical themes, transformations, and textures.
During recursive generationofthe L3 UOOAT h OOA @0 00 A thdcrediondf individbiah O

Al i

instrumental parts. Parts can be created® AE £ZAO0AT O aHdaddiérénOndelodict AOAT 08

and harmonic couplings producing relatechorizontal and vertical music structures.

, - OO Edandsts ofan L-System production systemand a MIDI theme editor, andyenerates parts
for up tol16 MIDI instruments.

A commonly citedexample of fractal musi¢the mensuration canon (or prolation canon)consistsof
amusical theme or melodyplayed simultaneously in multiple voices at different speeds

L- O O Evaé\created to experiment with musicatextures createdby interweaving multiple
themes played at differentspeeds.



INTRODUCTION

CharacterbasedLindenmayer Sstems(L-Systems)are theoretical constructs thatgenerate
@amiliesof self-similar character sequencesusing a relatively simple recursive process The

option for fractal music composition.

L-Systems wereoriginally introduced, by biologist Aristid Lindenmayerin 1968, as a means to

study development of simple organisms. The technique was later extended to the morphological
development of higher level plants with an emphasis on computeepresentation and generation of
plant structures.

Using aformalism derived from linguistic theory, character-symbols representing drawing

commandswere regardedasanAl PEAAAO 1T £ A OA&I Oicduld begamhineti 1A 05 8 3L
AOAAOGA Ox1 OAOGGB AT iverduévalbpéuiicd todldde hpblied m@tishndO x T OA O 6

01 AOAAOA 1T Ax Oxi OAOG 8 was taksrmaidniule®dduld beEapfiedlas ADD O A,
many times as desired and the resultin@ x I Oduld Be cdmputerrendered into imagesfor visual

inspection or comparisonto real plants. A notion of how this worked can beseen in the

familiar examplesbelow.

Bush Example: ‘StarEing with O & 8 créating new sequences by replacing each Fin the previous
sequencex EOE O&EB|C&C&C&YS UEAI AO OEA A T1T1T xEITC EAIEI U
sequence has been rendered using a drawing angle of 23 degrees.

Please see the section obSRender for description of the supported drawing commands. Note how rapidly
the character sequences can grow ilength.

—
, L-String Image Renderer - ©2011 David Sln*lm o5 S

Graphics CommandString | Rendered Image

FF+[+FF-F]-[-F+F+F]




.
4, L-String Image Renderer - ©2011 David Stroh um-:- e e S

Graphics Commandstring | Rendered Image

FF+[+FF-F]-[-F+F+F]FF+[+FF-F]-[-F+F+F]+[+FF+[+FF-F]-[-F+F+F}FF+[+FF-F]
-[-F+F+F}FF+[+FF-F]-[-F+F+F]}H-FF+[+FF-F]-[-F+F+F]+FF+[+FF-F]-[-F+F+F]+
FF+[+FF-F]-[-F+F+F]]

FF+[+FF-F]-[-F+F+F]FF+[+FF-F]-[-F+F+F]+[+FF+[+FF-F]-[-F+F+FIFF+[+RF-F]  [Ssmine e oo, =
-[-F+F+F}FF+[+FF-F-[-F+F+FIH-FF+[+FF-F]-[-F+F+F+FF+[+FF-F]-[-F+F+F]+ || cohetomnisms | i
FF+[+FF-F]-[-F+F+F]JFF+[+FF-F]-[-F+F+F]FF+[+FF-F]-[-F+F+F]+[+FF+[+FF-F]
-[-F+F+F}FF+[+~F-F]-[-F+F+F}FF+[+R~F-F]-[-F+F+F]}H-FF+[+RF-F]-[-F+F+F]+
FF+[+FF-F]-[-F+F+F]+FF+[+FF-F]-[-F+F+F]]+[+FF+[+FF-F]-[-F+F+F]FF+[+FF-F
]-[-F+F+F]+[+FF+[+FF-F]-[-F+F+F}FF+[+FF-F]-[-F+ F+FIFF+ [+ FF-F]-[-F+F+F]]
-[-FF+[+FF-F]-[-F+F+F]+FF+[+FF-F]-[-F+F+F]+FF+[+FFF]-[-F+F+FIFFF+[+FF
F]-[-F+F+F]FF+[+FF-F]-[-F+F+F]+[+FF+[+FF-F]-[-F+F+F}FF+[+FF-F]-[-F+F+F}
FF+[+~F-F]-[-F+F+F]H-FF+[+FF-F]-[-F+F+F]+FF+[+F-F]-[-F+F+F]+FF+[+FF
F]-[-F+F+F]}FFF+[+FF-F]-[-F+F+F]FF+[+FF-F]-[ -F+F+F]+[+FF+[+FF-F]-[-F+F+F]
-FF+[+FF-F]-[-F+F+F}FF+[+~F-F]-[-F+F+F]}H -FF+[+FF-F]-[ - F+F+F[+ FF+[+FF-
F]-[-F+F+F]+FR[+F-F-F]-[-F+F+F]]}- -FF+[+FF-F]-[-F+ F+F]FF+[+FF-F]-[-F+F+F
[+[+FF+[+FF-F]-[-F+F+F}FF+[+FF-F]-[-F+F+F}FF+[+FF-F]-[ -F+F+F]}H-FF+[+F
-F-F]-[-F+F+F]+FF+[+FFF]-[-F+F+F]+FF+[+FF-F]-[-F+F+F]+ FF+[+FF-F]-[-F+F
+F]FF+[+FF-F]-[-F+F+F]+[+FF+[+FF-F]-[-F+FF]-FF+[+FF-F]-[-F+F+FIFF+[+F~
F-F]-[-F+F+F]}H-FF+[+FF-F]-[-F+F+F]+FF+[+FF-F]-[-F+F+F]+ FF+[+FF-F]-[-F+F
+F][+FF+[+FF-F]-[-F+F+F]FF+[+FF-F]-[-F+F+F]+[+FF+[+FF-F]-[-F+F+F}FF+[+
F-F-F]-[-F+F+F}FF+[+FF-F]-[-F+F+F]}H-FF+[+FF-F]-[-F+F+F]+FF+[+FF-F]-[-F+
F+F]+FF+[+FF-F]-[-F+F+F]]]

The approad outlined above is not justfor generating realistic plantlike structures. Many
familiar fractal structures can be generated,;

Von Koch Snowflake Example:  Starting with O & & créalting new sequences by replacing each Fin the
previous sequence with O-&++F-& 8 UEAI AO OEA ZAi 111 xET ¢ EAITEIU T £
has been rendered using a drawing angle of 60 degrees.

Please see the section onSRender for description of the supported drawingcommands.

& LString Image Rends

F_F++F_F Graphics Commandstring | Re age
' \




F-F++RF-F-F++RF++RF++RF-F-F++RF

F-F++RF-F-F++RF++RF++RF-F-F++ R F-F-F++ R PP+ R F++RF R P+
Ft+RF++RF-F-F++RF++RF++RF-F-F+ R F-F-F++ R F-F-F++RF++RF++RF-F-F
++RF

F-F++RF-F-F++RF++RF++RF-F- P+ R F-F- P+ R PP+ R+ R+ R FF R
Ft+RF++RF-F-F++RF++ R+ HRF- PP+ R PP+ R PP+ RF++RF++RF-F-F

++RF-F-F++RF-F-F++ R+ R F 4+ REF-F 4+ R PP+ R PP+ R+ R F++RF-F
-F++RF++RF++RF-F-F++RF++RF++RF-F-F PP+ RF-F- P+ R F++RF++F
-F-F-F++RF++RF++RF-F-F+ RF++RF++ RF-F-F 4+ RF-F-F+RF-F-F++ R+ RF
++RF-F-F+RF+HRFH+RF-F P+ R+ R F 4+ R PP+ R PP+ RF-F-F -+ R F+

+FF++RF-F-Ft+RFF-F+RE-F-F++RF++RF++RE-F-FH+ R FH R R+ R

F++RF++RF-FF++RF++RF++RF-FF 4+ RF++RF++RFF P+ R P+ +REFF

++RF+H+RF++RF-F-F++RF

Il Graphics Commandstring | Rendered Image

Il Graphics Commandstring | Rendered Image

——
&y, L-String Image
Graphics CommandString | Rendered Image

Someadditional images,created in, - OO BM@A 3 2 AT AubityA-Systemparameters found in
The Science of Fractal Imagé), further demonstrate L-Systemdiversity.




, - 53)THBORETICAL FRAMEWOR

L-Systens essentiallyconsistofanO A1 b Bbfsymbdlsised to spellthe @rordsd  Aptoduction

ruless 1 £ OE AAnpdibdréryaiphabet-symbol sequencecan be considereca @ordin the

L-System  A@roduction ruledfor each symbol specifiehow that symbol should be transformed

during the production process  The production processgeneratesnew @ordsé&from existing
@ord Olfy replacing eachsymbolinthatword x EOE OEA -ODODRABOAODI MHeAO OUI AT
process can be repeated (recursively or iteratively) as many times as desired.

N~ N o~ A

means thatproduction rules aredefined forOOET Cl1 A8 A Ee thekefa® AdsPecial T 1 U
production rules for particular sequences of charactersand there is only onepossible production
rule for each character

, - OOE@A ! Anpd& thdishnibolsrepresented by thetext characters: A-Z,0-9, +,-,[, ], <,
and > can be usedn production rules or the starting sequence The latter non-alphabetic
symbols areincluded primarily to make it easier toinput parameters from the L-Systemsyou
might find in the literature or on the internet which are usuallydesigned to berendered as

images
Starting Sequence: thisis the initial O x T OA G starting sequence (Level 1)
starting string of characters whichis transformed |DE[}CDDAEBED J

by successive application of the Production Rules.
The starting sequence can be of arlgngth and characters can be repeated; there is a constraint
on the total composition length

Production Rules : each charactercan optionally have an associategroduction rule defining
how that charactertransformsduring recursion. Characters can belassified by their type of
production rule:

1 Individual characters which transform into other characters or strings of characters are
AAT 1T AA O Ophoductibiviarialiled 8 1 Dis @variable in the followingoroduction
rule:  A->AB (which means that each A is to be replaced by the string AB)

T )TI AEOEADAT AEAOAAOAOO xEEAE OOAT O& Oi ET O1 060
orOPOT ADOA OE T ih thefprodlutibriiileOd > C.



f Charactesx EEAE OOAT OA&I Ol ingdmdty rulésy ale @inihdl haraciers: A O
B->.

, - O O pr@diction rules are displayed and edited in a grid as shown below.  Production
rules can be of any length and individual characters can be repeated as desired (again please
note that there isa practical limit on the total composition length):

Chr Production Rules
A EDC

B AC

C AADC

D AAE

E DBA

When @ewdcharacters are added to the starting sequence or production rules, a new grid row
for that character will be automatically added. Alphabetic character rowsare added without
production rules; nonralphabet characterrows are added as constants.

Structure Depth: 4leves - O O EHB# B 0 0 O A O O (ekliabls b EobuBIGhe number of
E[IIE' times that the production rules are recursively applied to a starting
sequence. Since instrumental parts can be generated at any
OAAOOOETT 1 AOGAI N AAAE OAAQOOEIT Ol Atéekdcasioh AT Al Ol
depth, the number of production variables, the charactetength of the starting sequence, the
character-length of usedproduction rules, and the measurdengths of any associated themes
determine the overall composition length.

The composition measure length and time timated Composition Length
length (at the specified tempo) are LL2 Oh:18m : 24s
displayed here.




, - 53 )L8SASTEM MUSICAL CONNE

Theoutput of, - O O Es@iended to be a MIDI composition rather thara rendered image.
Instead of representing drawing commandsthe symbols ina - O O Br@diction system
represent musical themes and transformations Thesematerials are organized,displayed and
edited from the same grid as the production rules. Also, unlike graphic production systems with
I 7T Aranihg-AT I T AT A8 D Aéhct@tadteArah,h- GO pradiiction systemcanhave
some,all, or noneof the associated musicamaterials.

Motive - Theme Transpose Invert Reverse Scale Texture
_ 4 & & Tl
e & Harmaonic Minar Tl
_ -7 u & Tl
= -3 T1
—_— 0 Tl

In summary, Themes are the MIDI note sequences which get applied to specific instruments under

the direction of aTexture during the composition process.  For eacdharacted DB OI AAOOAA
(or any) level of recursionthe active texture is checked teee if an instrument part is designated to

be created.

9 For parts created at the highest specified structure level (recursion depth) the theme is
apply directly to the instrument (with any specified transforms and couplings) such that the
generatedpart length is equal to the actual theme length.

| Parts created at lower levels are not actually generated unt@ecursiondyields a total
duration for the potential part.  Then the appropriate theme is scaled to that duration and
applied to the clientinstrument (with any specified transforms and couplings).

In, - OO &g Af the levels up to the maximum specified structure depth can be used to generate
musical parts. Generally, 45 levels will produce more usable composition lengths; at least 3
structural levels are needed for fractal music (3).

It is important to note that recursion actually results in the higher levels parts be generated before
the lower level parts.  This can impact the application of scales and textures.

AO



THEME

Themes are MIDI note sequencesreatedin, - O O &éne Editor Themes can have a
4-octave pitch range andnaximum length of 16 measures.

The measurelength of the overall composition Estimated Composition Length
is just the sum of themeasurelengths of each hh2 Oh:18m : 24s
individual theme in the highest specifiedlevel.

If 4 Levels are specified

Level 1 A

Level 2 A B

Level 3 A B B A
Level 4 A\B B\A B\A A\B

Total Length =  Length(A) + Length(B) + Length(B) + Length(A) + Length(B) + Length(A) + Length(A) + Length(B)

Themes used to generate partat lower structural levels (than the maximum level) getscaledto
have the same total duration as theiassociatedsurface. For the above production:

Level 2: Length (A)

Level4: Length(A) + Level: Length(B) + Level4: Length(B) + Level4: Length(A)

Level 3: Length (A) Level4: Length(A) + Level: Length(B)

10



TRANSPOSE

At each point where a part is to be generated, Eranspose value is
i‘ determined by the recursive summing of all transpose values up to that
point.  This value is added to thénitial pitch reference value and then
added to each note pitch in the theme being applied to generate the part. Notes are deléfed
their MIDI note value (pitch) falls outside the range:0 to 127.

Reference Pitch
24:C 2

Level 1
Level 2
Level 3 A B B A

Level 4 A‘B B‘A B‘A A‘B

>
>
(09)

The Transpose value forthe designatedLevel 4:A theme shown above is calculated:

Transpose Value = Starting Reference Pitch + Transpos€A) + TransposgA) + TransposgB) +Transpos€A)
for application of of
Level 4:Atheme

INVERT AND REVERSE

TheInvert and Reverse options determine whether the theme isapplied inverted or reversed
(retrograde).

Theme Inversion andReverse (retrograde) are implementedecursively like transpose.  But,
since pairs of Invert or Reverse actiomwill just reproduce the original theme weonly need to
determine whether an odd or even number of each transforrexists. An example is shown bew
for Invert.

Level 1
Level 2 A B
Level 3 A B B A
Level4 A \ B | B \

>



Function values
Level x: Invert(A) = 1 if Invert is @RUESfor theme A

Level x: Invert(A)=0E /£ ) 1 EMASEO AI0CO OOEAT A !

Invert => Level 1: Invert(A) + Level 2: Invert (A) + Level 3: Invert(B) + Level 4: Invert(A)

The above sum is evaluated and thapplication of Theme A at Level 4 is inverted if the sum is odd
and not inverted if the sum is even.

The actual result of inverting atheme depends upon whether the theme is being applied
chromatically or diatonically. Inversion Tables for both are shown below.

Chromatic Inversion Diatonic Inversion

Pitch Class Inverted Pitch Class Diatonic Inverval Inverted Interval
0 0 unison unison
1 11 second seventh
2 10 third sixth
3 9 fourth fifth
4 8 fifth fourth
5 7 sixth third
6 6 seventh second
7 5
8 4
9 3
10 2
11 1

Reverse is much simpler thaninvert , it just reverses the time ordering of the notes in théheme.

New note starttime = Theme End Time Zz initial note start time z initial note duration

12



SCALE

Scales are used witlTexture to control generation of individual MIDI instrument parts and are not
currently applied recursively like the transpose, invert, and reversevariables.

scale Level: 4 Scales are appliedonly at the specified scale levednd are only used for
—[I] diatonic part generation; scales are not used with the chromatic generation
options. Initially, it is generally recommended that thespecified scalechange
1 AGAT O AA OA @weDOEDP AT O AICAODAADOOOAA O CAT AOAOA .
the textures. Otherwise it is posdile to effectively have differentscales being used
simultaneously indifferent instruments.

Scales are defined and edited in a scales editor which can be opefredn the LMusicA application
menuusing theTools ->%A E O 3 AeAd-itdnO 8 A list of many commonly used scales is
provided.

The composition starting scale is the specifiedtartin g Scak type Starting Scale

the root of which isdetermined by the pitch-class of theReference  ||Miner Pentatonic -l

Pitthd A8Cc8 E& OEA OAZAOAT AA PEOAE EOU ocCx ¢ 311 ¢b8 OE
the starting scale.

10 OEA AACEITTEIC T £ AAAE OO0 prAdudidn validblesOamspo®b A A E £E A A
value is applied to the previous scale root to determine a new scale rodite new scale type igdaken

from the production grid for that character. If a new scale type is not specified then theqvious

type is used; there $ always an active scale whether or not it isused,

13



| TEXTURE

Texture Level: 2
[I]_
1 1 1

variables.

Texture is used to control generation of the individual MIDI instrument parts
andis not currently applied recursively like the transpose, invert, and reverse
Texture changesonly occur at a userspecified level.

AAP00A0 AOA /ARAEEA GO AQ E 1 @adAA TErchestdezsPedifzd iniEh of the
16 possible MIDI instruments are generated and how the thematic materials should be applied

when generating the part.

Double-click in a Texture Columrto select an instrument

and openthe Instrument T exture Editor (shown at right) for
that instrument.  Secifythe OO OOA OO C

part should be generatedbr OA O OEA ' AT A@fd O
to removethe part from the texture. (You can also
right-click in a texture column to remove gart from the
texture.)

Theme applicationOptionscan be broadly classified as
chromatic or diatonic.  Chromatic options apply the
OOEAT AG8 AO A OA AobOvhith thesspecif@dE A
Al Opl ET cOs8 $EAOQT T EA
through the active scale before applying the specified
couplings. TheOctave Transpose variable allows you to
create couplings spanning multiple octaves. Parallel

I DPOET 1

Instrument Texture Editor @
Generation Level
|Level: 4 j A
Options
chromatc:m2 &4

Vinice Count:
E:] I

Octave Transnose: 0
|| | —

STARTING Volume Offset: 13 I
———— | |

EMDING Volume Offset: 13

| —. |

STARTING Articulation Offset: 11 |
—— |
v [} L] 1 1
EMDING Articulation Offset: 11

I e—

>
M
To
T
Qu

(1|

|

melody can ke created by sing different coupling options for multiple instrument parts generated

AO OEA OAI A O1 AOGAI 68

MIDI velocity and note articulation canbet set tovary over the duration of the applied theme.
The garting and ending valuesfor either are spedfied as offsets from the base values defined in the

individual theme notes; changes are linear with time.

14



LMUSIX™M WORKSPACE

When, - O O Ea@hshes, the main application window opens and a new projeis created. The
initial project uses a limitedsubset (A zZ E) of the total production alphabet and defines

B Fie

o Generate

Tools Help Examples

P Flay || [T Pause | M Stop

L-System Generator | Orchestration and Texture

Starting Sequence (Level 1)

Structure Depth: 4 Levels

Scale Level: 2

[ )

Texuﬁ Level: 2

Bl (Mo~ Demo - Proee wdcisess) 1 arandomstarting sequence,
e e LT L [N

= X

| 1 arandom set ofproduction rules,
1 short random theme for eachproduction
variable,

ABCAAAABE [ T — | —
Estimated Composition Length ReferencePitch | | Starting Scale ﬂ a Sing|e randominstrumental texture.
95 (hm:s) 0:3:170 24:C 2 II Major -

Chr  Production Rules Motive - Theme Transpose Invert Reverse Scale Texture J

S — : -

B D — 0 T

" - ’ m You can &ick the Generate Button to

D 8 I 0 T - -

- = : - compose the random prgect; dick the Play
=]

button to hear the results.

Leelll ABCAAAABE
Step

Reset

Tempo: 120 Progress 11:35:54 AM _:;m

The Application Menu , located at the top of the main application window provides general project
management capabilities:

opening and saving projectsEiles Menu),

exporting projects as MIDI files Files Menu),
loading and saving Orchestration files,Kiles Menu),
assigning MIDI output devices Tools Menu),
defining and editing scales Tools Menu).

access to program helpKelp Menu),

quick loading of example projects Examples Menu).

= =4 =4 -4 -8 -4 4

In addition to the application menu the main workspace window also contains a top toolbar with

controls for generating and playing the project and two tabbed pages with the &ystem production
parameters and MIDI instrument settings.

15



, - OO0 H®MBar

Generate B Flay || [[ Pauze || I Stop [ .Y
Generate Generate F3 Click to generate a composition using the current
settings.  You will need to reGenerate your
composition after any changes.
The previous composition is erased prior to
generatingthe new composition.
B Flay Play Space Plays the composed project starting from the
specified time.
IT Pause Pause Play Pauses /resumes play of the project.
M Stop Stop Esc  Stops play.
Play Time The project time position being played.
(P Play Start Time Click Advance to set a new performance start time.
Return and Advance This can be used to step through long compositions

ClickReturn to reset the play start time to the
beginning of measure 1.

16



L-SYSTEMGENERATOR TAB PAGE

(18 s vemo - prgect 1 @ - =4 Thel-SystemGenerator tab- page contains

B Fle  Tools Help  Examples BEE .
0 B8O ¢ b iy | [T Fure| Wi - the generation parameters forthe
L-System Generator | @thestration and Texture L-SyStem
@ Starting Sequen: .’el 1) Structure Depth: 4Levels Scale Level: 4 Texture Level: 2
DEﬁDﬂEBED — "@ S — - (1) : 0 — i
(| Estimated Composition Length Reference Pitch :‘ Starting Scale ﬂ aStartIng Sequence
m:s - - N : inor Pent nic - . .
[ —=— tme 0T e i =| q production rules for eachproduction
Chr Production Rules Motive - Theme Transpose Invert Reverse Scale & N
|| a oac - 5 O variable,
—" — ? 1 musical content foreachproduction
7 - 2 9 variable,
s ™ o 7 o 1 1 The number of recursions (structure
| Level 4 BBCAEAEEBDACCBBDAEAEBBCDACCEED’I’J;(’:’(".:EBDCBBDAEEECAEAEEBDACCEEDDACCEBDDACCBBD - depth or Ievels) to InCIUde In the
Step AEAEBBCBBCAEAEEBDACCBEDBBCAEAEEBDACCBBDCEBDAEEBDACBBCAEAEBBCAEAEBBCDACCEED H
DACCBBDCBBDAEEBDACBBCBBCAEAEEBAEAEBBCDACCBBDDACCBBDCBEDAEBBCAEAEEBDACCBBD p rOd u Ctl 0 n .
Reset
f i
LI e | EEETEEE Progress . 11:34:20 AM 3|

Atextbox display is providedat the bottom of the tabpageto allow you to viewaD OT AOAQET 1
character sequenceesult at any recursion level.

00

Starting Sequence (Level 1) This string represents the -Systemstarting character
DEDCDDAEBED J sequence. Input a string manually orlick the button on
the right to generate a new random starting sequence

The allowed characters includeA-z,0-9, +, -, [, 1, <, and>.

Each charactersymbol used in the starting sequence or a
production rule will have an associated row in the
production variables grid.

Structure Depth: 4 Levels This value corresponds to the numbenf recursions used in
I[I]— the L-System production and the number of
- o OOOOO0ADODADSG OE A OforugelbytheA A A
Textures. Use the slider to adjust thevalue.
The total number of levels can range from 1to 8. Please

note the length of the composition will increaseapidly with
increased levelsand can become unrealistially long.
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Scale Level: 4 ) ) i ) )
_[I] This variable specifies he recursion-level at which scale

: : : changes occur Theupper limit of this value rangeis set by
the Structure Depth value.

Texture Level: 2 This variable specifies he recursion-level at which texture
, I changes occur Thevalue range is equal to the number of
specified Structure Levels for the composition project.

Displays anestimated measure lengthand time
length for the composition.  The measure length
252 Oh : 18m : 24s assumesa4/4 time signature; the time length is
calculatedusing the specified tempo.

Estimated Composition Length

, - OO EanAompose up to about 2000
measures. This corresponds to a composition
length of alImost 700 minutes:

(20000 measures* 4 beats per measurg/ 120 beats
per minute = 667

The background color changes to a redarning
color when the estimated number of measure
exceeds ¥,000.

An error warning A will be

displayedwhen the estimated number of measure

exceeds20,000.
REFererTce Pitch i‘ This pitch value is used to determine initial scale roots and
24:C 2 hd to provide some control over the positioning of
theme-application within the overall pitch space
Both the MIDI pitch number and standard pitch spelling are
displayed.
Starting Scale Specif_ythe start_ing default scale type herg. The root of the
Minor Pentatonic j scale is determinedfrom the Reference Pitch value.

3AAT A0 AOA 111U OOAA A O OA
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PRODUCTION VARIABLESRID

The Production Variables grids used to assigriProduction Rules to each variable and to associate
variables with musicalmaterials. Each character used in the starting sequence or a production
rule will have have a row in this grid.

1 Clicking in theLabeled Header ofa grid columnwill randomize the values in that column.
1 Left-click in the grid to select a single cell or leftlick and drag to select a range of cells.

1 Right-click in the grid area for a popup menu.  The menu options will reflect the cell or
range of cells selected.

9 A second click in a selected cell will activate the editor for that data: i.e. a dropdown combo,
spin editor, or text editor.

1 Double-click in the Theme column to open th&heme Editor .

Production Variables Grid

Chr Production Rules Motive - Theme Transpose Invert Reverse Scale Texture
A EDC _ 4 a a T1
B AC e A Harmaonic Minar T1
Randomize Rule
C AADC _ = u T1
Clear Rule
D AAE T1
Load Theme...
E DBA - Ti

Randomize Theme

Clear Theme

Randomize Transpose

Clear Transpose

Randomize Scale

Clear Scale

Production Rules A production rule exist for each characteused in the 1-System  The
production rules represent the Gtring of charactersithat replaces each
instance of the specified charactewhen the rule is applied

19



Motive -Theme

Transpose

Invert

Reverse

Scale

Texture

Allowed production rule typesinclude:
91 transforming a single character into a string of characters, e.g-€
%" j OAAA A0 AAKXRSO#HITBEO OADI A
9 transforming a single character into NULLe.g. G> (read as each
O#6 EO QA@nptAdiiAgh AU
1 Constant characters, e.g. & A.

A theme or motive can optLona[Iy be associated with eagfroduction
variable. ~Themes can b® A1 Bthey éontain no notesbut have a
O1 JUIA Qehdih.

Themes applied at the highest specified structual level are appled with the
durations specified in the theme/motive. =~ Themes applied at lower
structural levels get scaled to match thetotal duration of their
corresponding higher level characters

The pitch range of themes is limited to 4 octaves. Each theme is applied
relative to the starting reference pitch combined with therecursive sum of
transpose values

Double-click in a the column to open a Theme Editorffor creating or editing a

theme. Rightclick for a popup menu to allow saving or loading previously
saved themes.

The Transposevalue for each production variable is combined withthe
initial pitch reference to position each application of a themgat any level)in
the overall pitch space

Chromatically or diatonically invert the theme.

Reverse the timeorder of theme notes.

chhproducjion variable can optionAaIIy have_anassigged Ascale; Scaleg are
iTTu OOAA xEOE OEA OS$SEAOITEAS EIT OC

Scales are appliedt a specified Scale Level The root of the scalds
determined by the starting reference pitch and the tranpose values.

If no scalechanges are specified for a character then the previous scale will
be used.
Eachproduction variable has anassignedtexture, which gets applied at the

Level specified in the Texture Level property.

Textures aredefined in the Orchestration grid.
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STRING DISPLAY

Thetext display at the bottomof the Generation tabpageis provided so you can visually inspect
production strings produced by any level of recursion (or iteration) This information canbe

useful during setup and strings containing recognizedrawing commands can be copied and pasted
into a rendering program.

CEBCEAECDEBCCEDDEBAECDCEDDEBAECDAECDCEEBCEBCCEDDEBAECDCEDDEBCEBCEAECDEBCCEDDEBAECDCEDDEBAE ~

Step CDAECDCEAECDCEDDEBAECDCEDDEBEBCEBCCEDDEBCEBCEAECDEBCCEBCEAECDEBCCEBCEAECDEBCAECDCEDDEBCERC
EAECDEBCAECDCE

Level 3

Reset

1 ClickResetbutton to initialize the display to the Level 1 starting sequence.

1 Click Step button to perform one iteration and display the resulting character sequence.
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ORCHESTRATIONND TEXTURHAB PAGE

B8l Musix™ Trial - [Project 2] = | B |
B8 Fle Tools Help Ewmples _ =[x
Generats & o 00- Ol i M »
® [ )
L-System Generato@) Orchestration and Texture @
mm1 ® o1 Patcly @ vol Pan T T2

1M slzl :Pi:ul. & 54 54

2 M5 2 0 Piano 1 54 54

3 M5 3 0 Piano 1 &84 64 1: Chromatic: P5: 0: 11

4 M s 4 0 Piano 1 &84 64 1: Diatonic: 7th: 0: 15

5 M5 5 0 Piano 1 64 54

6 M5 & 0: Piano 1 64 54

7 Ms 7 0 Piano 1 &4 64

8 M5 8 0 Piano 1 64 54

3 Ms 3 0 Piano 1 54 54

10 MSs 10 0 Piano 1 54 54 4: Chromatic: Mé: 0: 12

1 Ms 1 0 Piano 1 54 54 3: Chromatic: P5: 0: 16

12 Ms 12 0 Piano 1 54 54

13 M s 13 0 Piano 1 54 54 1: Diatoric Theme: 0: 19

14 M S 14 0 Piano 1 54 54 1
‘ E column.

Tempo: 120 Progress 10:09:41 AM ;¢

The Orchestrationand Textule tab-page
contains instrument settingsfor each of
the 16 available MIDI instrumentsand
instrumental part generation options
for 12 Instrument Textures; columns
labeledT1 to T12.

Clickin the column header celbf the
MIDI Patch orone of theTexture
columns torandomize settingsin that

The number in the first column of eaclorchestration grid row is just a numericidentifier .
Click in this column toturns note generation®né @ff@ /A= irGtru@ént zi.e. removes it

from the final composed project. 4 EA AAl1 1 EO

AT 117 OAA OAA

x EAT

OE

) T 00001 AT 66 0001 AA OT AAS tifien d téxtre ©Akidniizédd OAFOOO0

ClickintEA AT 1 O 1 MutE &hBUn@uteda O

particular instrument during play.

ClickintE A AT 1 Oi to Sotofartd BnsdoBadparticular
instrument during play.

Click in these columns to set th1IDI channel,patch,
volume, and pan settinggor an instrument.

Left-click in a texture column toaccess dexture editor;
right-click to remove an instrument from the texture.

The texture editor (shown at right) allows you to specifya
OAAOOOET T Iikvad OAOOABDA
generatedand severaloptions affecting how the themeis
applied. 3A0 OEA |, AOGAIT O1 OI ﬁEﬁEq
from the texture.

Instrument Texture Editor @
Generation Level
|Level: 4 j
Options
chomatc:m2 [
Vioice Count: Octave Transnose: 0
[I] I | [ —

STARTING Volume Offset: 13
S

1 1 1 1 1 1 1 1 1 1 1 O
EMDING Volume Offset: 13

STARTING Articulation Offset: 11
—— | |
L] [ [} L] [} 1 [}
ENDING Articulation Offset: 11
Cr| | | ——

o Ok
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MIDI velocity and note articulation can vary over the application time  Starting andending
values are specified as offsets from the base values defined in the theaneMIDI instrument
settings; changes are linear with time.

Theme applicationOptionscan be broadly classified as chromatic or diatonic. =~ Chromatic options
ADPDIl U OE as créaieH iA théktiefne editor with the specified couplings.  Diatonic options
AE1 OAO OEA OOEAI A8 PEOAEAO OEOI OCE OEA AAOEOA
Transpose values are then applied to everyifgh in the theme being applied; pitckes for the
AEAOITEA PAOOO AOA OZEO0E O OEA OAAIl As

Theme Chromatically applies the theme as defined in the theme editor.
Chromatic: m2 Chromatically applies the theme raised a minor second.
Chromatic: M2 Chromatically applies the theme raised anajor second.
Chromatic: m3 Chromatically applies the theme raised a minor third.
Chromatic: M3 Chromatically applies the theme raised a major third.
Chromatic: P4 Chromatically applies the theme raised a perfect fourth.
Chromatic: A4 Chromatically applies the theme raised a augmented fourth.
Chromatic: P5 Chromatically applies the theme raised a perfect fifth.
Chromatic: m6 Chromatically applies the theme raised a minor sixth.
Chromatic: M6 Chromatically applies the themeaaised a major sixth.
Chromatic: m7 Chromatically applies the theme raised a minor seventh.
Chromatic: M7 Chromatically applies the theme raised a major seventh.
Diatonic Theme Applies the theme defined in the theme editor diatonically; all

non-diatonic pitches are moved to the nearest ascending diatonic pitck

Diatonic: 2 Diatonically applies the theme raised a diatonic second.
Diatonic: 3d Diatonically applies the theme raised a diatonic third.
Diatonic:  4h Diatonically applies the theme raised a diatonic fourth.
Diatonic:  5h Diatonically applies the theme raised a diatonic fifth.
Diatonic: 6h Diatonically applies the theme raised a diatonic sixth.
Diatonic: 7n Diatonically applies the theme raised a diatonic seventh.

23
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USING THETHEME EDITOR

48:C 4 2:01:056
|
C4

|2

Ok |

,
B oo I

CARARS [E/ FAVAK ]

it
Hl 4 - [ £

IS

Select All
Select Range

Select None

—

Themes are composea@nd editedin the Theme Editor.

Openthe Theme Editorby double-clicking in a theme cell

or by selectinga theme cell and clickinghe Edit Theme8

i AT O EOAI &01i OEA 001 ACAOGEIT 6
menu (right -click in grid).

T 4EA AAEOI O POI OEAAO A OPEATI
display showing eachnoteasa@E1 1 AA8 1T O ODPAOOEA
boxd BAOATI 1 61 060 T £ OAEI 18 OAPOAOAT
to 100%).

1 MIDI velocityfor each noteis [optionally] displayed as bars extending up from the bottom of

the display.

9 Accerted notes have thicker outlines; accents add an incremental value to the MIDI note
velocity which is not includedas part of the MIDIvelocity.

i Selected notes are outlined in red.

The controls available for creating, editing, and auditioning themes are described below:

I
-

SSREIVAVAV AR TR (il £

Click and hold to audition the current displayed
theme.

For auditioning: note pitches are added to the
Reference Pitch

Click to dear all notes from the theme and reset the
OEAT A 1T AT cOE O Onés

Click to generate ashort random theme.

If atime selectionis specified, the random notes will
be put into the specifiedtime range

24



EH ) o -

Lt | £

Toggle and use cursor in note display area teelect a
single or range of notes.

Toggle forsingle note edit mode .

Click in the note display area to select the note undel
the cursor if one exists oradda new note.  Hold the
CTRL key to select multiple notes.

Selected note start times or durations can be edited
by click and dragging the head or tail of the note
respedively.

Toggle formulti -note add mode

Click and drag to add multiple notes to the theme.

Hold the CTRL key while dragging to select all the
added notes.

Togglefor erase mode.

Click and drag to in the display area to erase notes
under the cursor.

Toggle to set theme length.

Theme lengths are always automatically set to the
end time of the last note.  Toggle this option in click
in the display to set a time past the last note; theme
lengths can NOT be set shorter than the contained
notes.

Notesare added at the specified duration.

Toggle the grid button to snap the note start times to
the specifiedquantization.

The first button of this pair toggles the note velocity
display.

Toggle the second buttor{with the pencil) to allow

editing the note velocities by clicking and dragging in
the note display area.
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Multiple selected notes can be lengthened or repositioned by depressing tkxrl key while
performing the operation.

Additional notes can be added to the current selection by depressing tirl key while making the
new selections.

Nowiior | Some theme note properties such as start time, duration, pitch,
and volume (MIDI Velocity) can be directly edited in the above
note grid.  Other properties such as accent or articulation can
only be edited in the theme note editor.

Open the themeNote Hitor by double-clicking on a note in the
theme editor above or by selectingthébAEO 3 A1 AAGAA .1 O/
i ATO EOAI mEOT 1 odpdbmébaAi A AAEODI 000
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USING, - 5 3 ) -8ABRIEF TUTORIAL

BBl WMusix™ - [Project 1] EE
. Eile Tools Help Examples
o PR ) .b.may [T Pause| I Stop o« wl
L-System Generator Orchearation and Texture
o
.tal’.g Bz &veﬁ) Structure Depth: 4 Levels Scale Level: 2 Texture Level: 2
|apDC ]| com—(— o — ] —
Estimated Composition Length Reference Pitch Starting Scale
234 Oh:7m: 48s 24:C 2 II Major
Chr Production Rules Motive - Theme Transpose Invert Reverse Scale Texture -
A CEAE —_— 0 T1
e o
B ABCC - 0 T1
et e
C CcA I 0 T1
I b b
D DE — 0 T
S S
E ECA —_— 0 T1
S o
<
Level 1 AADDC
Step
Reset
Tempo: 120 Progress 8:08:23 AM ;:

In this tutorial we will outline the
setup of a simpleL-System
production system, create thematic
materials, design some instrumental
textures and generate a MIDI
composition.  Itis recommended
that you read the Introduction and
Workspace sections of this manual
prior to beginning the tutorial.

If not already there, toggle to the
L-System Generatarab-page.

SETUP THEASYSTEM

We will be using the following l-System for our project
PRODUCTION VARIABLES:B, C
PRODUCTION RULES:=> CB, B>A, G>ABA
STARTING SEQUENGCK:

RECURSION DEPTHI:

9 Click in the Starting Sequence textbox and
AT OAO AT O! 68

1 Click and drag the

the value 8.
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Structure Depth: 8 Levels
Structure Depth sliderto  (— ||

Starting Sequence (Level 1)

Scale Level: 2 Texture Level: 2
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Chr Production Rules Motive - Theme Transpose Invert Reverse Scale Texture

A (B —— e 0 T1
B A — i T1
¢ [ L 0 T1
D [ i T1
E [ — 0 T1

9 Left-click in the Production Rule column of the production gridto select the rule for
variable A. Left-click again to enter editmodex EOE OEA AOOOAT O Ai 1 OAT OO
CB to replace the selected contents with the new rule.

9 Left-click in the Production Rule column of the production gridto select the rule for
variable B.  Leftclick again to enter edit mode with the currentcb OAT 0O Gk A AAOAAS
as the new production rule.

9 Left-click in the Production Rule column of the production gridto select the rule for
variableC. LeftAl EAE ACAET O AT OAO AAEO i1 kederxEQOE OE
ABA as the newproduction rule.

1 [Optional] Left-click in the Production Rule column of the production grid and select the
rule for variable D and press the Enter to erase the contents. Repeat f@riable E.
3ET AA OEAOGA OAOEAAT AOG AOAT 60 OOAA xA AAT AAT AO

91 [Optional] Left-click in the Texture column of the production grid and select a different
texture for each variable. The default is always the first textureT1 which we will create
shortly.  To change the textureassigned to a production variableclick in agrid cell to
select the texture, then a second click to access the drdpwn list of textures.

The Production Grid should appear as above.
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ECREATE THEMATIC MATHEALS

91 Double-click in the Motive -Theme column for variable A to open the Theme Editor. For
this tutorial we will create our own themes instead of ugig the randomly generated theme
and introduce some basic editing.

T FEOOO xAG61 1 AdndbAtBem® mofes bk Aickiogiiie@ear button.
TR e
R 1AL 7] [ B - (] £ & [ (R (AL ] [[E o - (| &
11:B 0 2:04:156 44— ¢ .05 1:03:148 14—

[* . ! ! I? ! ! ! I 5 . ! ! I? . ! ! I?

E|

Lo

il
1T,
1111

e
Lie

T 3A1 AApenciBE BT O A."Thmgd,.t;, r =)
notes, AR AP0V, | £
5:F0 2:d2:080 ¢ 44—
|2

T 3 A1 AAsGapto-E & ol b
and setquarter-note
guantisation (shown at right) ‘

to add quarters aligned to
beats C2

s —| | =
1 Thenadd quarter-notes on
beats 1, 3, and 4 of two
measures as shown. Using
the time and pitch labels
above the measure display to |{*

position your notes, position
the cursor and leftclick to add = ' -—r _
notes.

7EAT 11 0RO AOA AAAARAA OEAU AOA A Athelast ndteaddddA 1 AAOAAG
normally selected, to select all added notes, hold down the CTRL key while adding the notes.
Please note that the theme length marker is moved to the end of the last note in the sequence.

29



1 Next, we change the

durations of the quater -notes

on beat 1 of each measure to a
half-notes.  Position the cursor

I OAO OEA OATAG T £ A
modify; click and drag the

duration to the new value.

Oi

O
o

91 Finally, we will accent the first notes ofeachmeasure by
double-clicking each of the tes just edited to open their note
editor and clicking in the Accent check box.  Accented notes
are displayed with a heavy outline as shown below. o0,
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