2 7 SEP 2004 1 A METHOD AND SYSTEM FOR CREATING A MUSI CAL  COVPQOBIA The
present invention relates to a systemusable for the ‘conposition of 512804
5 and/or for the generation of nusical sounds. Systens for conposing nusic
are known as such. In order to conmply with conventions which have

devel oped for recogni sable nusic such systens are constrained by a nunber
of internal rules in determ ning the nature of the 10 physical sounds to be
generated. Known such systens, often enbodied in software or hardware,
facilitate the copdsRTIHPODOANDSYSTEVEFORIREATING £ RIUBICWE 2l gorithns
whi ch work on the value of paraneters set by the operator. nstruction of
a nusi cal conposition is then effedtO@MBOIIAEANsi s of a number of rules
which are stored with the algorithnms in a nenory. 15 One of the

di sadvant ages of known al gorithm c nusic conposition systens lies in the

fact that th L ativel i gi d t i abl d .control | abl
et e PRI o 3"elh POk Shh AR LR B AR
Vst er n shusi g, ot he?&ﬁeﬁ&ﬁ@htdf‘?ﬂuﬁ&al%gﬁﬁﬂi' c rule sets constraining the

20 operator assigned paraneters within various limted ranges resulting in
a certain "style" of nmusic. Such inflexibility renders the use of such
systenms difficult, inefficient and for these reasons known such systens
have not net Systems fordeyppesang suvsesse kBWrhes goglar alni ordesftonosinply evjt r es

ST O BT B IR LP 0 SR S el S
| Qecay, Prtch (L RGN B Rihfifbdabt dhietna AHLd 79 cfelﬂé?mining the nature of the

10 physical sounds to be generated. Known such systems, often embodied in

software or hardware, facilitate the composition of music by an operator by
employing algorithms which work on the value of parameters set by the
operator. Construction of a musical composition is then effected on the basis of
a number of rules which are stored with the algorithms in a memory.
15

~ One of the disadvantages 0f known algorithmic music composition systems lies
in the fact that they are relatively rigid and do not reliably and controllably
generate musical structures which are readily recognisable as resembling

Western music without the addition of specific rule sets constraining the

L\‘ﬂm.#/l

20 operator assigned parameters within various limited ranges resulting in a certain
“style” of music. Such inflexibility renders the use of such systems difficult,
inefficient and for these reasons known such systems have not met with

widespread success.

25 The generation of music requires a wide range of parameter variations to be
available, not only in terms of the temporal occurrence of individual notes, but

also their attack and decay, pitch (including pitch variations during the



2 7 SEP 2004 2 persistence of a note) tinbre and other qualities 2aPfSERi 04
the perceived sound as~ well as the interconnections ef notes which can be
represent ed hlerarchlcally as notif, phrase, thene, novenent etc. 5 1t is
* desirable, in order to produce a nusic generation system to be able to
take all of these features into account as well as providing for known
nmusi cal properties such as rhythm synéopation and hi erarchi cal cont ext
sensitivity in which each nusical unit or group such as a notif phrase or

heme i ' |i.sted abpv
wnen it occore nsree PLanRd nt e EIF aBuid SRGRE e BReraiied Coibis
W thout the akiildstie !ﬁeﬂ%ﬂﬁécﬂkﬁs%i%té@%%li %Hy%]ﬁ%ﬂg‘éﬁ@ d aldQ h%éfaﬁgﬁg?oafe

mechani cal and produce flat, wuninteresting pieces resen I'nv

seeks to prowmiotié Appse, dicrse fmovdrha]t@mer ation of musical 15 sounds, and a
met hod of generating nusi cal sounds in which a wide range of paraneter
variation is available both in terns of hierarchi cal context sensitivity

and i ndividu el.ectian by the operator, .as wel | gi vi ng .an opportunlty
to varsls/ st rﬁdf aF%Ta BT ?}‘tPHEOBHW 6&%‘&%‘? (gﬁn?ﬁﬁt@?r%’éﬁﬁ&t»lt@rbe ablgttadake

changes and Ptdﬂfeﬂje%'gl?%tg?éﬁgpﬂ{tal RLhatd O%HV\’Q (H}o@fd‘fn% P qgtﬁ\’gp Iflggltcﬁ#e of

traditionally conpose nu5|ca structures. rsa

the present pﬂm}é&mieh%chl’@trhtyﬂﬂn Q?hddﬁa&’lohoaﬂﬂiﬁid%&lcﬁk%l %ﬂ?@&%‘eﬁgltﬁﬁ%ﬂﬁf ures
Xt

energes naturally fromthe abi I|ty to mani pul ate hierarchical cont
sensitivity which a‘aehpausmaldlm‘ecrpgrcaip pahanes enctif plwese df tierhe ivegp@sgRbt  Of
provided a nethod of @25 creating a nusical

t he present entjon there
_ conposi tion ‘é‘gﬁéﬁ?ﬂ Hbier(%%)o qHF?RffHef‘nﬂﬂlS%qd pleape, el iy epcursl MPrRaRor k
on whi gfy the nc%qmoﬁleké,%t%lal diP8 8RS ELtext. Without the ability to generate such
variation music generation systems are mechanical and produce flat,

uninteresting pieces.

The present invention seeks to provide ‘apparatus for the generation of musical
15 sounds, and a method of generating musical sounds in which a wide range of
parameter variation is available both in terms of hierarchical context sensitivity
and individual selection by the operator, as well as giving an opportunity to
vary structural forms by the introduction of syncopation, rhythm changes and

other such temporal variations which are found in traditionally composed

20 musical structures. It is a particular feature of the present invention that the
ability to manipulate syncopated structures emerges naturally from the ability to

manipulate hierarchical context sensitivity with respect to temporal parameters.

According to one aspect of the present invention there is provided a method of
25 creating a musical composition comprising: -
(a) defining a multi-level hierarchical framework on which the

composition will be based;



,2 7 SEP 2004 3 (b) defining a rule set conprising a plurality of rules for
generating nusical objects within the framework, each rule geneza;l ISP %ﬁ%
or nore nusical objécts at a given level within the ffranmework in '
dependence upon one or nore nusical objects at a higher level within the
framework. 5 I'n the preferred enbodi rre:i, each level wthin the franmework
defines a plurality of tenporal regio di vi ded by divisions, with each
tenporal region representing a nultiple of contiguous tenporal regions of

a lower level ( fer i i : Ly 2.t r re.
10 Preferably, tﬁ?wsdi%?g?néogﬁg%:{gag‘%%ﬁ 1§$%£¥5§§P%$ﬁgy ?téeh?gzg%l tive
temporal regions,mesichl ciipestwighihshe fgimeisbridteadh SURIEE dr@YeE onE3rmeMsi cal
obj ect may be represented by a nusical note having a defined start

posi tion, period maticangbjsetsi 2t argivaindevalt within tusifcahewbjledh depgndbsa be
associated 15 with an anplitude anfl wWith a pitch. Oher attributes, such
as tinbre, can al'f¥NRNG KBPEoMAecal phieetsii@ Hehen levakwithin the rmgmniosk.
attributes such as gradually increasing or decreasing anplitude-or pitch.
The invention further extends to a systemfor creating a nusical

conposi tion,[n fg GREREed Bfbold f bR Tk BV :
hi erarchi cal f rarreqj\?\or k on mﬁiocﬁheﬁgéh?gn%se?ﬁgﬁir&g?? gghltbeg%dég; g%%?esrréans
for defi ni nplarality ef Yemposmiprgiinsgdiaidadubaldivigicefs, mdtlesatotemgers magiond
musi cal objects within the framework, each rule generating 25 one or nore
nusi cal obj SEPESERNRE gt vERItPE 0 wopHERouhdempptalt tegionsh of a lower level

(preferably the immediately lower level) in the structure.
10
Preferably, the musical objects are themselves defined by the respective
tempofal regions, each object existing just at a single level. Each musical
object may be represented by a musical note ha*-.ring -a defined start position,
period and end position. The note or musical object may also be associated
15 with an amplitude and with a pitch. Other attributes, such as timbre, can also
be incorporated into the model, as could variable attributes such as gradually

increasing or decreasing amplitude or pitch.

The invention further extends to a system for creating a musical composition,
20 comprising: |

(a) means for defining a multi-level hierarchical framework on which

the composition will be based,;
(b)  means for defining a rule set comprising a plurality of rules for
generating musical objects within the framework, each rule generating
25 _.one or more musical objects at a given level within the structure in
dependence upbn transitions between musical objects at a higher level

within the framework



dependence upon transitions between nusical objects at a higher |evel
within the framework $-7 SEP 2D04 4 The framework preferably corrp_jg Zeggﬁ
hi erarchi cal network which may, but need not, be graphically represented Zﬁﬂlf
means of a grid. 5 The invention further extends to a conputer program
whi ch enbodi es a nethod of creating a nusical conposition as previously
described. It also extends to a conputéer-readable carrier which carries
any such conmputer program According to yet another aspect of the present
invention, , there is provided a 10 system for generating musical sounds
on the basis of a hierarchical structure conprising a plurality of |evels
each rel at edThe feaméwarkt poaferablisicoaipresdesreehicratchicaMrietivotk avisichimas, bat ween
el ementary conponents of each level are related to transitions between
|l evel s to deteadmatebe Beaphicsillyirgpegsenieddry weens pEa geidween a plurality of
i ndi vi dual sounds generated by the system 15 In a preferred enbodi nent of
the invention each of the hierarchical levels represent a nultiple of the
t enpor ak di vi-gl Y i ti . i el
i n Che i or ar Byt veabeh AR HEERRASIAR SR ArBRR? whifh BRI R S

of a paramet ef creh8fi@e rhsicsl&doiptsigsh BY ps@duastyiRkciibéEr g6 hisonsktOedsren
adj acent levels. O course, the commencenent and term nation of an

i ndi vi dual nesnpater-seadatile crapiebehast eamies @ady sycl cpmipgerrprofram.ansi t i ons
which result fromthe allocations 25 of paraneter val ues at successive
| evel s by an operator. The tenporal separation of transitions at each

| gvel int heAg;l:&rd%{gC t'% );Q%ngﬁleg%gﬁéép &et‘f]]eapsre?@ntzimze&%%, Z,QHélre is provided a

o 10 system for generating musical sounds on the basis of a hierarchical structure
comprising a plurality of levels each related to at least one musical element, in
which transitions between elementary components of each level are related to
transitions between levels to determine the individual relationships between a
plurality of individual sounds generated by the system.

15
In a preferred embodiment of the invention each of the hierarchical levels
represent a multiple of the temporal divisions between successive transitions of

a next higher level in the hierarchy.

} , 20 Likewise, it is preferred that the temporal location of a parameter change is

determined by sequential interactions between adjacent levels.

Of course, the commencement and termination of an individual musical sound
may be determined by a pattern of transitions which result from the allocations
25 of parameter values at successive levels by an operator. The temporal

separation of transitions at each level in the hierarchy may be determined as an



5 integral nultiple of the nunber of transitions in the next adj aﬁ?fS&P
hi gher level in the hiverarchy. There may further be provi ded nea W 2004
interpolating the values of a paraneter between begi nning end val ues
thereof at intervals determned by a selected Ilevel in the hierarchy.
Preferably, the individual relationshi ps between a plurality of individual
sounds generated by the system are over a paranetric space including
pitch, |oudness 10 and tinbre. In the preferred enbodi ment, the individual

rel ationshi pistdpediweeiiple pf tehihbeObf trhndiivhé Hﬁ{he%%&%a%&%ﬂﬁmagi)gij{g{el te

systemvary in _dependence or the context in which they occur. I Ous
features andhaélp@@ltcbym the present invention will now be nore

particul arl'y described, by way of exanple, with reference to the
acconpanying drawi ngs, in which: Figure | illustrates in block diagram

formthe ge ure of an .enbodirent of the invention; 20 Figures
2a and 2b il ueg% @%ﬁﬁhggf’gmm%ég@@armg? HiterRglating the wlperelin paraspeter
transitgons wuiwabi ¢ ti f SHS resent invention is
based; Figure 3 is a%fﬁﬁg L&'Ilillgr yggg%rtgé%%{a%{i %‘E@ggfsaﬁgge{‘?‘éf}??eﬁﬁ ?rsgﬁ%(itff‘?ons,
accor di ng t dewelfinrtls¢ hiegdretlynent, resulting in the deternmination of the

tenporal 25 location of a specific nusical elenent; Figure 4 is an
alternative transition structure illustrating the manner in which the

eneration i.ngle nate.is effected; ,2 7 SEP 2004
9 Ol;re?erz‘?bly,g!he individual reIatﬁ)nsﬁng between a plurality of individual sounds
generated by the system are over a parametric space including pitch, loudness

10 and timbre.

In the preferred embodiment, the individual relationships between a plurality.of
individual sounds generated by the system vary in dependence or the context in
which they occur. |

15 Various features and aspects of the present invention will now be more
particularly described, by way of example, with reference to the accompanying
drawings, in which:

Figure 1 illustrates in block diagram form the general structure of an

( embodiment of the inventioﬁ;

} 20 Figures 2a and 2b illustrate diagrammatically the hierarchical structure
of transitions on which the function of the system of the present invention is
based;

Figure 3 is an exemplary representation of a pattern of transitions,
according to a first embodiment, resulting in the determination of the temporal

25 location of a specific musical element;

Figure 4 is an alternative transition structure illustrating the manner in

which the generation of a single note is effected:



6 Figure S illustrates a transition structure representing the gegz}astpnzﬂm
of two notes, together; with a nusical notation in conventional f
illustrating the notes generated thereby; Figure 6 illustrates a
transition structure for generating a phrase 5 conprising four notes,
together with a conventional nusical nogation illustrating the notes thus
generated; Figure 7 is a flow diagramillustrating sone of the stages in
the conposition process; Figure 8 illustrates a transition structure for a
nore conpl ex phraBigurdG ilhwsthtes g tiansieiopodtaldton; rdpr@ieheing the | désierAl@s 0N
alternative transition structure invalving interpolation; Figure 10

i | lustrates & nelgs; toigethes tritlcs mrusical navatedn insgorowptivhanfors Blokiretieg the
Figure 11 shows a second, enbodi nent, in operation; 15 Figure 12 shows the
rul es used fBYCs ga%qr@teﬁlt}le o Fi gure 13 shows the method of incorporating

tonal infornati 02%- % e r ll@r%nfaié'sﬂa tt%%llgg uéresﬁil“&lﬁ{ﬁafsgf%%@mgﬁé ga:)ﬁgiégedi ed

i n hardware or war e eveén ‘so

conpri sgs an ; : ;
omun, cat 6 e ey A RPrAsRal Mot frithe.
two mai n conthemetdssthup@eetnated; nenory conmponent 13 and an operating or
processi ng conponent 14. The nenory 13 has two sections, a first section
15 storing a set ORUF%Iedsandlewe didgramy ikedrating semst of i thg stages rianghe i on
structures defined.by the operator and on 25 the basis of which the

nusi cal soun‘ﬂgn]a\()?ﬁ"im%gr%c&ﬁ%r ated. The. processor section 14 includes a part

| 17 tor nodificatipRufd ¢ Nudithh&Sa Ransition structure for a more complex phrase
| 10 involving interpolation; |
Figure 9 illustrates an alternative transition structure involving
interpolation; Figure 10 illustrates a transition structure in which
syncopation is achieved;
 Figure 11 shows a second embodiment, in operation;
15 Figure 12 shows the rules used for figure 11; and

Figure 13 shows the method of incorporating tonal information.

Referring first to Figure 1, the system may be embodied in hardware or
software (or even some other technological device) and comprises an input
E 20 interface 11 by which an operator 10 is able to communicate with the physical
machine generally indicated 12, which has two main components, namely a
memory component 13 and an operating or processing component 14. The
memory 13 has two sections, a first section 15 sforing a set of rules and the
other section 16 storing the transition. structures defined by the operator and on

25 the basis of which the musical sounds will be generated.

The. processor section 14 includes a part 17 for modification of the rules, a



7 SEP 2004, 7 mapping section 18, and a structure generation section 19.
Figure 2a illustrates sne formof transition hierarchy illust rat@n@ SEP’% )
hi erarchical |evels nunbered fromlevel 0.to | evel 4, €ach containing i
transitions 5 between adjacent tenporal elenents. Each tenporal elenment nmay
be considered to be one "block"” of tinme, the diagranms representing tine
fromleft to right and, in accordance With the present invention, each
adj acent hierarchical |evel representing the nom nal separation of tine

into a nunb ; a i i i Lti pJge of the blocks of the
next adj aceﬁﬂtha%iglg g%&ﬁi&gﬂg{/ﬁgﬂh ms, r% g%ﬁegétz%?n%qtmpﬁlgte'he enbodi nent of
Figure 2a the multiple for nost of the level transition in the structure
is two. This _means that the block of tine represented by one el enent (that
i's between ddigursenia t Hsritesonse iformnefl evekition Hieprese NRGtAYinbWEWR! ocks
of time at the next lower level. As a variation, level 2 has a ténporal
di vi si on of Weragehigaldexals nymbered fromsdeve Ontol leveli % coth chnivénial tisitorel 2
in,all other levels. In the enbodi nent of

rat her %han i pl.e of two as

Fi gure %b th%ertgg%ﬁr eﬂgg% si?’ygoﬂr CLEMYHS i nﬁf“ﬂb WIROrpl elemgenh may  be

mul tiples hehweerd&ved gz %P e .bot h beij

two, the multiple bet vvegﬂél g\[}g:[lcaz an lei gﬁﬁ@ﬂﬁﬁf%%r%%ﬁgggéweﬁ?%ggﬁg

llevel | and tbevight Oalbgi g aééordanden With' @BPOPASEHE WS FONLEHY | Qﬁj"%t:ent

musi cal notation the time intervals 20 represented by |level 0 may "be

consi dered d¥crerrhierddeveltriepressiiimathe sofminalmepesitionvdfi it ihtea tiuilber of

intervals regpresented at |evel . be considered to correspond to
CBarse The TRGRaPEiTce T GHop PHEtRGbnEe PIRFSAL0IcRCEX! BaaRm dighty
“"net works". rall : ned seri.es of integers
whi ch 'speci { ‘;'/v’)eg't %gghﬁ{rgég@lg’ﬁ g\rqﬂé %a E@déﬁ\%pﬂééh%{re %\Xﬁ? Hallbpff-'cfﬂg Y to

be conbi ned.of theRsfel transition in the structure is two. This means that the block of time
represented by one element (that is between adjacent transitions) in one level is
represented by two blocks of time at the next lower level. As a variation, level
2 has a temporal division of three blocks, and therefore a multiple of three at

15 level 2 rather than a multiple of two as in all other levels. In the embodiment of
Figure 2b there are successive variations in the multiple, with the multiples
between levels 4 and 3 and between levels 3 and 2 both being two, the multiple
between level 2 and level 1 being three and between level 1 and level 0 being
five. In correspondence with conventional musical notation the time intervals -

20 represented by level 0 may be considered as the basic time signature for notes,

whilst the time intervals represented at level 1 may be considered to correspond

to “bars”,

The hierarchies used in the present invention may be defined by “networks”.
25 Generally, a network may be defined by a series of integers which specify at
each level, starting from level 0, how the blocks are to be combined. These

“networks” act as definitions which can be schematically represented by grids,



“networks" act as definitions which can be schematically represented by
grids, 2 7 SEP 2004 8 for exanpl e as shown in figures 2a and 2b. The grid
shown in figure 2a is defined by the network 2,2,3,2, while the grid of =~
figure 2b is defined by the network 5,3,2,2. 5 Two separate enbgedtr@‘gs

wi |l now be described, illustrating how these networks may be u rA0R4
the preferred systens and net hods for nerating nusical sounds according
to the present invention. The underlying principles behind both of the

embodi ent s A exhAgl hgggow% ﬁg&egezaahﬁd 2pd g glgaf?s%w H Eietlid Daris 1

In both of the'e tem par ses plies a sequence

rules in ordigmed®d ﬁﬁ@héﬁ?ﬂ)rm@QQ@I shildctherg@idas €ibued megw@éﬁﬁécgbydﬁeof
the type described above. The rules act upon nusical objects or

regi ons/ t r ansitwiodnS,3, 2t hin the grid to create nusical structures. 15
Typically, the network/grid will be predefined by the conposer or user of
the system although it would al so be possible for the systemto generate

k h d
br adet hed EORsERAHE cciTBRtm AR By et yBeroeFbly, MsAihE, Bopo iR
for the netvnr A0 Iﬁﬁ?'b@' §69’1v1{t}9ncthé|@%€fe%éﬁ%g§ﬁﬁlsl éf}daﬁqems%@g%hgratmg

al | owabl e p0|nts w t musi ¢ r the Sake of sinplicity,” however, it
wi |l be assuggicalnsdunds adt&@liiss i@ thdptagent imatntiie nEhevankedyihgt pringipled ar e

predefined and renmain static during nusic generation. 25 First enbodi ment:

behind both of the embodiments are identical, but the detail and the
nomenclature differ. |

10
In both of the embodiments, the system parses and applies a sequence of rules
in order to generate musical structure based on networks/grids of the type
described above. The rules act upon musical objects or regions/transitions
within the grid to create musical structures.

15
Typically, the network/grid will be predefined by the composer or user of the
system, although it would also be poésible for the system to generate its own

network as required, either randomly or on the basis of some predefined

constraints specified by the user. It would also be possible for the network

R e

20 definition to change dynamically at appropriate allowable points within the
music.  For the sake of simplicity, however, it will be assumed in the
discussion below that the network and the grid are predefined and remain static

during music generation.

25 First embodiment:
The manner in which the hierarchical transition structure is utilised by the

physical machine in generating sounds will now be described in relation to



The manner in which the hierarchical transition structure is utilised by
the physical machine i'p generating sounds w || nom/be~describqg7igEP 2004
relation to 2 7 SEP 2004 9 Figure 3. This represents a transition rufle gﬂ
statenment which nmay be internally generated or determ ned by the operator.
Transitions at each level wll determne the nature of the nusical
conposition at a successively higher | &el. For exanple, the position and
| ength of the notes nay be determined at levels O, 5 1 and 2 the notif
conpri sing &:basi qup of notes be determ ned at.level , 3, a rase,
Chat is o seiRBF fofhReRofisoMS o Gattion uf ShRlaTupen Shicmty b gy
phrases may r4m eyel fo 3 , i in_ L me
representedggﬁmgﬁ%péglggggﬁﬁg% ngé 6E?ﬁﬁg?gu?g§§ﬂ%§§?§éq§§$ﬁEéghiﬁﬁphe

system by defdrAligdEY ndtlrd bLtHeOMERA] BomPBEIERNH: Al §iRRe HivelyaghéonRyef r Om
the origin. In 10 the exanple of Figure 3 the point in tine is defined by a

st at ement cdiomensinple, tat pbetien anddengthefohe gotes amay be idetesinmgedaniereisdl, at ur e

conventj on that represents ., one tenporal unit at that |evel, The
statement or 44 2 theomotid SRMPIIFITE 2 HABICHEPP j0d Motegt mpE\pe| determained st dayel +)
(3A-) (1A+) 4(0A re.th ols. +.and -, represent.displacenent in tinme
rom t he r sPog sty Ml ¢ R3eF¥ T JuRY B el FPUERS Bhieel B AEE A onRaM | ve
direction ( i i t i te diagr hsp t he
fahe () ol be HORRANEA ROl I TR R Ene AR th e
st at ement ( Adpresérsed éprhs esteeidk by 1¢ved 0 ar Fipurat mey de defaneipy thegsyishenf i r st

time zone fromthe origin to the first transition at which a transition is
nmade bet weeRY|%estatesnens 1n dhefors of darepreseniation of( dpectionpdipmdpe exigins Ia

"'displ ement, to the | . fr t he .c ncenmgn int at that |evel,. that
s Eha T antid PEATEE SdUEres 14 eiRbor AMedr FGRAERT A TAPIR commencing

at level 4 at the origin and utilising a nomenclature convention that A represents

one temporal unit at that level. The statement or rule for identifying a transition

at level 0 is:
15 (4A +) (3A-) (1A+) (0A-)
where the symbols + and - represent displacement in time from the relevant

transition in a positive direction (+) or in a negative direction (-} which is

represented in the diagram by displacement to the right (+) or displacement to

o

20 the left (-) from the transition. Thus, the statement (4A+) is represented by the
arrow at level 4 occupying thé first time zone from the origin to the first
transition at which a transition is made between levels to level 3. The statement
(3A-) then represents a displacement to the left from the commencement point
at that level, that is the transition at level 3 in temporal alignment with the

25 terminating transition at level 4. _Since each individual statement represents an
mtegral number of temporal units of the next lower level each transition at one

level will automatically correspond with a transition at the next lower level. In



25 terminating transition at level 4. Since each individual statenent
represents an integral nunber of tenporal units of the next | owed 1 SER 2004
each transition at one level will automatically correspond with a
transition at the-next lower level. In 2 7 SEP 2004 10 the statenent
illustrated in Figure 3 there is no di §PI acenent at level 2, a (+)

di spl acenent (that is to the right) at Tevel | and a displacenent to the
left (-) at level 0 to end at the transition identified by the * in Figure
-3. The transhéd karemaitalleeentedtinusigded Bndsraid nealispacaniedthe leiver ar ahf+gal
structure (and hence in 5 tine) nmeasured fromthe beginning of the

struct ure wiiisphacsorsit i(that esta the night at dnviehil randTihdisplaceomat 66 theldeft ()ydtng
this transition at level 0 by a structured statenent.as discussed .above,
rather thanlevahfl o pae st iths nagsitiong epip,éec? (B’Urftah@e*nﬂrhﬁ:ﬁglgﬁsﬁ-ti HengHopeyel

atter o g SRR G & TBRARET ATIBO e AR S el Ay Rpb 0B, e
used tosr epﬁﬁ%@%eaﬁf?é& s 'B.Qﬁi?ﬁfri)ﬂ(;% E’tf 'tlﬁ'@rﬁir{]&up@%ﬁii&g cbh§itB&the time

relationship to a repeated ori gi IS statenent, therefore, does
not nmerely repiesent the single point in tinme represented by the asterisk
in Figure 3, but all points in a tinm stream 15 which bear the sane
relationship to the transitions at level 4 as the asterisk- identified

point bears.to the origin At .level 4. The identjfication of Jindjviduyal
tenporal |o -mo%gpﬁnﬂ@agttﬁlsitmqua& é(ef @«I?é'i%mcﬁ”?ﬁfdsq@#‘?@ iMts of
a nusical el S a . j bicon t: hase #eS, .18

. note requi réigﬁt'ﬁﬁﬁeed\/%tfd&g, gaftﬁ%pwﬁ;]tagtsﬁllg?ﬂ}g?%ﬁ%}ﬁ '?llgelgaé'(ta] elt east eIHF]}Pﬂ%pE gﬁ)ﬁt% be
properiy defiéngd, isThasasotiemapneper té@escatfidi idehtifivgla pointia thne afievdness.

These can be individually defined within fields in a menory which are
| i nked by t lgivaretransibos hit pscesi@in bavel and thds. stheraaftgr.ecast b vpechto represent
corresponding points in time bearing the same relaﬁonship to a repeated origin

point. This statement, therefore, does not merely represent the single point in

time represented by the asterisk in Figure 3, but all points in a time stream

15 which bear the same relationship to the transitions at level 4 as the asterisk-

identified point bears to the origin at level 4.

The identification of individual temporal locations may be used to identify the

beginning and end points of a musical element such as a note. In addition to

#s:w’ /

20 these properties, a note requires the value of two other properties at least in
order to be properly defined. These other properties are pitch and volume or
loudness. These can be individually defined within fields in a memory which

are linked by the relationships set out in the structure statement.

25 Figure 4 illustrates a structure for the generation of a single continuous note at a
selected pitch. In general, the full identification of a note to be input by the

operator 10 through the interface device 11 into the physical machine comprises



25 Figure 4 illustrates- a structure for the generation of a single
continuous note at a selected pitch. In general, the full' ideptd fsfpa?pﬂn
of a note to be input by the operator 10 through the interface device I
into the physical machine conprises 2 7 SEP 2004 11 a "nane" for the

nmusi cal el ement, which enables the macliilne to identify the |evel at which
to commence the displacenents in the stifucture statenent. For exanple, if

the "name" given in the structure statement is "note" the machine wll, in
this exanpl & “saneefeetat mieial eknmdthwhich thalsies thansddhinn thshawifyensl 5
4, which is the second transition at level 3. | should be understodd,

however, tHaveltdievhisheb aimmhnehtheodisplavemestsiis thet trurihmedstbyenidme. | Rotel
given in the descr.i p%i en of ‘the elenment, it is not predeterm ned. The
r epr esent at i GRIBHC.AT BE enamgq iy Es In Hicopmestisnstatementrig “nete’] teamagshine

information deferm.ning the precise i.n in, ti for the c ncenment
- and terni nat\?’ﬁt’l 183}11%6@(%;:{533%, %%mﬁﬂc‘iapf%&fia‘%’ﬁ%ﬁf“%ff%‘éa%“ﬂeﬂ%@sﬁm or
| oudness pr i oS A L0 four. fields
which in t h?‘s?e‘iﬁ%ﬁéf EES ??ﬁﬂﬁﬁ&wﬁtﬁﬁﬁéé@ﬂﬁm%ﬁﬁméﬁ%
Each fiel d ithassfieciehebdt hich th@omraena® detciihedobPitnatled] Sfved @OfHeext
and a rule or a context and a property wth an associated value. Thus, for

exanpl e, i n desgupieomof the eleinenbakis rfad predaternBinadis lhal reptyjsentatioonfra soteg a
conti nuous note. at. |clgi tch.C B\E% be éeqr esented.as: .20 ME[.Not e LOCATI ON
g(tha l9¢atin) Infermatigy

[(3A-)] TERVFHANTESIHRBRien fgfign terMiRing g precise
PROPERTI ES [ﬂ?:jiﬁt‘é hFCtime for the commencement and termination of the note and an
| 10 indication of the pitch and volume or loudness properties. This information can
be represented in four fields which in this example eﬁtit]ed NAME,
LOCATION, TERMINATES, PROPERTIES. Each field is specified by either
a name or the combination of a context and a rule or a context and a property
with an associated value. Thus, for example, in Figure 4 the rule base for the

15 musical object comprising a continuous note at pitch C may be represented as:

NAME[Note]
LOCATION [(3A-)]
TERMINATES  [Begin “Note” (2A-)(1A-)
20 End “Note” (1A+)(0A-)]
PROPERTIES  [Pitch=C
Loud=10]

L ;
R

In the above the conventional musical notation is used to identify pitch and the
25 loudness is represented by a scale of arbitrary units..In this example the scale
may run from 0 to 20 where 0 is silence and 20 is the maximum volume which

can be generated by the equipment. Other, alternative scales are equally valid,



Loud=10] In the above the conventional nusical notation is used to identify
pitch and the 25 loudness is represented by a scale of ":arbitrgry 't@
in this exanple the scale may run fromO to 20 where 0 is sil ence and mis
t he maxi mum vol ume which can be generated by the equi pnment. O her,
alternative scales are equally valid, %27 SEP 2004 12 however, and the
above is presented purely by way of exanple. The basic |ocation of the
note is determned by the transition statenent in the LOCATION field, This

states that lidwewerf afdrebe fabont ds Ippveintell pubdy o ekayobf sstniplet MEh efdsic from
a higher level transition (in this case a transition fromlevel 4) which 5
i dentifies tloeatidn of themms it daerminodbytbe drangitionoftatemeat iB8theThO®CATION

commencenent _of the note is .defined by the statenment in TERM NATES "begin
note", nanelijeld( iy statas yhagst emforaedt fremed leved 3 tians btacknodpet tosthst ledne

unit to the Jleft in |evel one upit.to the left .in level 1 no.

i spl acemont40d: # 1gbst el imandlita Ha e cbis pefaition AYS 1T Wbt | os
the tragsit 'i%ﬁti?é%*é' fat krﬁgﬁ%ﬁ?&ﬁ%ﬁ@ dr{)gi&%f Me@Ure Fhe W3MRh¥nEGnent of

di spl acenent at level 2, a displacenent to the right at |eve 1 and a

di spl acenenttht mdtdrés ldefihedtbyl theesdta@methanOERMICATES €bediy rddie, siratbment
illustrated in Figure 4 is thus a continuous note at pitch C of |oudness 10
comrenci ng d2A-helAi)xvhichiidentifiasrithe transitionedhills aheane vpkito dhe ledt ax levek2,

(renty. 1Y TRl ot 3R 8T 9, ke LA, SPSERheczounds cont ot

oL on SAERRAE ) I0S PABLIED i ey e ] !

- great er(t harfFighe 4, mkekigt dispRbenbave fehal 2.2t disblacbniefeto the right at level
1 and a displacement to the left at level 0. The note identified by this statement
illustrated in Figure 4 is thus a continuous note at pitch C of loudness 10
commencing at the sixth timing unit at level 0 and terminating at the th:ﬁtjf-
fifth transition.

15
In order to make the generated sounds context sensitive the TERMINATES
field may include a statement specifying the context, on the basis of the position
in relation to the next higher level in the hierarchy, althbugh contexts in relation
to hierarchical levels greater than the immediate level above that at which the

- 20 statement applies may also be utilised. The context statements may be “all”
(which means that the statement applies in all contexis), or “begin” (NAME),
“end” (NAME) or a conjunction of several such terms. In this case the term
“NAME?” refers to the parameter identified at a specific level in the hierarchical
structure.

25

Referring now to Figure 5 there is shown a graphical representation of a motif |

comprising two notes. The statement defining the motif is as follows:



20 statenent applies may also be utilised. The context.statenents nay be
"all" (which means that' the statenent applies in all context2)? Shp in"
(NAME), "end" (NAME) or a conjunction of several such terns. In thi ase
the term "NAMVE' refers to the paraneter identified at a specific level in
the hierarchical structure. 25 Referrigg now to Figure 5 there is showm a
graphi cal representation of a notif conprising two notes. The statenent

- defining the notif is as follows: 2 7 SEP 2004 13 NAME[ Motif] LOCATI ON
[ALL, (3A-)] TERMNAIBSEALL, Note] PROPERTIES[] 5 NAVE[ Not €]

LOCATI ON[ ALL, (2A- T E gin "Note", (1A-), End "Note",

(1A-) (0A+)] 10 ﬂl@éﬁw@fg@g?ﬁg tif', Pitch=C, End "Motif', Pitch=D,
Al'l, Loud=10] Here.{ il at both the beginning and end of the
nmusi cal el enent M’#E%@‘fﬁgwl bed by a single note (the context
"AIl" in the TE Eﬁ”ﬁlﬁ?t]d meani ng both beginning and end in this case).

In the definition of "Note the PROPERTIES field defines the pitch of the
note t@ be dependent on the

NAME[Note]
LOCATION[ALL, (2A-)]
TERMINATES [Begin “Note”, (1A-),
End “Note”, (1A-)(0A+)]
10 PROPERTIES [Begin “Motif”, Pitch=C,
End “Motif”, Pitch=D,
All, Loud=10]

Here it will be seen that bofh the beginning and end of the musical element
15 “Motif” are described by a single note (the context “All” in the TERMINATES
field meaning both beginning and end in this case). In the definition of “Note™
the PROPERTIES field defines the pitch of the note to be dependent on the
context. Thus, when the note is at the beginning of the motif the pitch is set to
C, whilst when the note is at the end of the motif the pitch is set to D. The
¥ 20 statement shown here as an example results in two notes of equal length each
occuri'ing effectively at the end of a bar in what amounts to three/four time as a
result of the time division of level 2 as three transitions for each single

transition at Ievel 3.

25 Figure 6 illustrates a structure represented by a phrase statement, that is a
statement comprising two motifs each of two notes. Here the statement

deﬁhing the phrase is as follows:



context. Thus, when the.note is at the beginning of the notif the pitch is
set to C whi | st when the note is at the end of the motif t h Pi SEP 4 set
to D. The 20 statenment shown here as an exanple results in two notes %@
equal length each occurring effectively at the end of a bar in what
amounts to three/four time as a resultipf the tinme division of level 2 as
three transitions for each single transition at level 3. 25 Figure 6
illustrates a structure represented by a phrase statenent, that is a .

st at enent corrprisi ng two notifs each of two notes. Here the statenent
defining the s follows: 2 7 SEP 2004 14 5 NAME[ Phr ase]

LOCATI O\I[ALL fhfﬁﬁﬁf/l NATES[ ALL, "Mbtif" ] 'NAME] Mot i f]

LOCATI C]\l[ ALL, (3A L "Note"] 10 NAME[ Not e] LOCATI ON [ Begi n
"Phrase", (2A-) %@%ﬁ%@% :711 |\/thf , (2A+), End "Phrase" & End
"Mt (2ATERMINATERJALL, “Motif”] '
5
NAME[Motif]
LOCATION[ALL,(3A-)]
TERMINATES[ALL, “Note”]

10 NAME|[Note]
LOCATION [Begin “Phrase”, (2A-)
End “Phrase” & Begin “Motif”,
(2A+),
End “Phrase” & End “Motif”, (2A-)]
15 _
TERMINATES  [Begin “Note”, (1A-),
Begin “Motif” & End “Note™,
(1A-)(0A+),
End “Motif” & End “Note”, -
20 (1A-)(0A-)]
PROPERTIES [Begin “Motif”, Pitch=D,
Begin “Phrase” & End “Motif”,
Pitch=E,
End “Phrase” & End “Motif ’,
25 Pitch=C, |
- " Begin “Phrase”, Loud=5,
End “Phrase”, Loud=10]

g



TERM NATES [Begin "Note", (1A-), Begin "Mtif' & End ",l\_lote kf‘n‘%é OA+) ,
End "Mptif' & End "Note", (1A-)(OA-)] PROPERTIES [Begin ' Mot i f R:ti?:ﬁm{\
Begin "Phrase" & End "Motif', Pitch=E, End "Phrase" & End "Mtif"’

Pitch=C, Begin "Phrase", Loud=S, End "Phrase", Loud=10] 2 7 SEP 2004 15
Here it will be seen that the first no{kf represents the beginning of the
phrase and the second notif represents the end of the phrase so that the
first note of the second notif is by definition at the end of the phrase
and therefore offset to the 5 right of the level 3 transition and not to
the left as with all the other notes. This is reflected in the transition
stat ement udd@€ I otATOReH thahthe: Efﬁ’fe@@tﬂf aepresedyithe bﬁ’émnﬁﬂg of e Yhwsec h

ohr ase. Tt vingiogpEes BRI ARl the Sndh el oRtcescowtbat CherBrse APt theach
Motif are sharter %ﬁﬁ?%&p%ﬁpﬁ or}g'[ﬁt eve‘lm ﬁrﬁ@‘%ﬂ% nS| for?YJ t}gﬁtgoéglear o

di fference (CQA+) I'on C

al | thes samightTfitse ba‘vfeesttra\neitmrmidefsotttb&hée@mxsaht}p@ﬂlthe othedndtée TR of
the notes vary _in dependence upon whether the note is at the beginning or

the end of tih@eheated in the teusiiion statemant under FQCATI@Neatand dphrdse” madi s of
whi ch the mﬁég(if'li “Motif”, (2A+) which identifies the note at the beginning of the motif at
the end of the phrase. It will also be seen that the notes which are at the end of
each Motif are shorter than those at the beginning of each Motif by the
10 difference (0A+) and (0A-) although at level 1 the transition changes are all the
same. This effectively makes the temporal position of the end of the notes vary

in dependence upon whether the note is at the beginning or the end of the motif.

In order to create the rule statement on the basis of which the musical
15 composition will be generated various different procedures may be adopted.
Figure 7 illustrates one procedure which commences with selection of the
musical element “Note” which, as will be appreciated from a study of Figures 5
and 6, may be defined at a level determined by the higher levels at which other

musical elements are determined. In Figure 5 and Figure 6 the note is defined

l“%sm»"}

20 at le\{ql 2 whereas in Figure 4 “Note” is defined at level 3. The first operation,
therefore, is to identify the name of the musical element to be selected (in this
case “Note™) and then the location and termination. Once these values are
selected the note definition is “multiplied” which effectively means that the
system moves up one level to what may be considered as a “parent” musical

25 element, namely the “Motif”. The values of the Motif may now be entered, as
shown at step B. Of course, at this stage it is-still possible to modify the

transition statement relating to the “Note” and step C illustrates this situation



15 conposition will be generated various different pracedures ma§ be
adopted. Figure 7 illustrates one procedure which commences wth AR i208%
of the nusical elenent "Note" which, as will be appreciated froma study -
of Figures 5 and 6, may be defined at a | evel determ ned by the higher

| evel s at which other nusical elenmentslgare determned. In Figure 5 and
Figure 6 the note is defined 20 at level 2 whereas in Figure 4 "Note" is
defined at leyel 3. The flrst peration, therefore is toidentify the
name of the WHSICCHRE Resenhas Fhgsen dp aupdidy (the “Mhete” cbersent rsubiing andhd hen

ot i nicton | Qs EPREN T, oEEE P §$$vé€%;ﬂﬁéﬂaﬁérqnm§ Foerd oy ofePistes

up one Ievelfgnepl e¢,an € 6g)

ety the: ~hpf P Yeg i AP THETORF Ce effer is BRACHRIINEIP B 0P S8,
at step B. Cb shofiupenedevilhbshet plaasét 1dvel ahd ltﬁe PRRSHIeSs kepdmpe.fy the
transition statenent relating to the "Note" and step Cillustrates this

S|tuat|6n 2 7 SEP 2004 16 where the operat or has chosen to nodify the

"Note" el ene @% resulting in the i}t of the beginning of the note now
bei ng di f f er ehfOUFCLAE Wd"e&ﬁsstﬁﬁfé thier operatamte BRCHBLEYRY HBdivighal mgse f1f °

o TN 1 AFAOULLBLL B R, SR B 5, iy BRSy b

"phrase” Ieve and e pToce ure 1Ts’’repeate

necessary f othetigi-gioar af ﬁbtets%e‘i%éhfﬁhcﬁ}ﬁﬁftkdlﬁdpéﬂn@%lfﬂﬁtgeld BequitrRBINRF e
because, conventionally, Wstern nusic may at tinmes be predictable in~ the

vari ati on ofstepwiss rioét whelmgetsmm ppatteoukaownoana scalehi The ngailablseuiescef by

. stepw not e ¢hanges_in .a pattern known as a scale. The avail abl e val ues
51 R0 B8 o Firch e drrERlpRAL Tef dheldae, i riranguaselimitad i Chase bavingse

of the. pr eSoRS YL ARl @i Rl i bt MG BRGRe pres "
interpol ate ghbnfi& §MBRIthBFhRher sophistication that it can interpolate all relevant note
pitch values between the beginning and end of a phrase simply by identifying
the pitch value of the first note in the phrase and the last note in the phrase.
15 Figure 8 illustrates such a situation in which the transition statement reads as

follows:

NAME[Phrase]
LOCATION[ALL, (4A-)]

20 MIDDLEJ2, “Note”]
TERMINATES [ALL “Note™]

N |
k711‘.5-;-/‘

NAME[Motif]
LOCATION[ALL, (2A-)]
25  TERMINATES[ALL, “Note”]

NAME[Note]



pitch val ues between the begi nning and end of a phrase sinply b
identifying the pitchi value of the first note in the phrase ané?h%EEaZﬂM
note in the phrase. 15 Figure 8 illustrates such a situation in which the
transition statement reads as follows: NAME[ Phrase] LOCATI ON[ ALL, (4A-)]
20 M DDLE[ 2, "Note"] TERM NATES [ALL {"Note"] NAME[ Motif] LOCATI ON ALL,
(2A-)] 25 TERM NATES[ ALL, "Note"] NAME[ Note] 2 7 SEP 2004 17 5

LOCATI ON[ ALL, - (1A-)] TERM NATES[ ALL] PROPERTIES [Begin "Mtif', Pitch=F,
End "Motif' LOGATHAA[ALBegl A-)Phrase”, Loud=5, End "Phrase", Loud=10]

I nt erpol ati i ' y the addition of another field, MDDLE at the

| evel of tﬁﬁwﬁiﬁé&ﬁ@ nt. The first value is 2 (conprising an index
of the 10 apgr ' | eve and.khe-sgecond-val ue i s the name of anot her
nmusi cal el eﬁwﬁﬁﬁeffectﬁ?ﬁps]\%&éﬁ’d%tﬁ% ucts the systemduring the
mappi ng .process to fill the enmphy ‘§RaGe PRchh® phrase with notes placed at

the transition between every pair
5 Begin “Phrase”, Loud=>5,

End “Phrase”, Loud=10]

Interpolation is achieved by the addition of another field, MIDDLE at the level
of the “Phrase” element. The first value is 2 (comprising an index of the
10 appropriate level) and the second value is the name of another musical element.
In effect this field instructs the system during the mapping process to fill the
empty space in the phrase with notes placed at the transition between every pair
of level 2 time segments. In this case the properties of the additional musical
element are interpolated from the values of the immediately preceding and
15 succeeding elements at this level. In this case the pitch of the notes has been
interpolated between A and F and the loudness of the notes has been

interpolated between 5 and 10.

Figure 9 illustrates another example of interpolation, in which the MIDDLE
20 field has a first value 3 identifying that the interpolation takes place from level

3. Since there is only one transition at level 3 between the beginning and the

end of the phrase, only one additional note is interpolated in this instance.

Finally, turning now to Figure 10, an example of thé statement values required
25 to generate syncopation utilising this system is shown. In this case four notes
are generated by the system with the first and third being located exactly at the
beginning of each bar but the second and fourth being offset in delay and



“of level 2 time segnents. In this case the properties of the addi.tional

musi cal elenent are interpolated fromthe val ues of the innediaﬁh?ySEP 2004
precedi ng and 15 succeeding elenents at this level. In this case the pitch
of the notes has been interpolated between A and F and the | oudness of the
notes has been interpolated between 5 gnd 10. Figure 9 illustrates another
exanpl e of interpolation, in which the MDDLE 20 field has a first value 3
identifying that the interpolation takes place fromlevel 3. Since there is
only one trandvdnicerasawill deedessribed wekie trapsibeyi siaficnterandsultiag isndisofs ahe
phrase, only one additional note is interpolated in this instance. Finally,
t ur ni ng nOM/ﬁﬁkFVﬁure 10, an exanple of the statenent values required 25
to generate syncopation utilising this systemis shown. In this case four
notes are generated by the systemw th the first and third being | ocated

exactly at the bg%dm'ﬁ f1each bar but the second and fourth being
offset in delay and 2 Pg%a% ]2004 18 advance as w |l be described. The

transitison statenpCATSON[ARY.,i(MAL)lis is as follows: NAME[ Phrase] 5
LOC?TICN[ALL, (4A§Ek@£ERWINATES £ALL, &bbtif'] NAVE[ Mot i f] LOCATI ON] ALL
(3A-)] TERM NATE INANGE®[ALL1 Misif2h
NAME[Motif]
LOCATION[ALL, (3A-)]
TERMINATES[ALL, “Note”]
10 |
NAME[Note]
LOCATION [Begin “Motif”, (1A+),
End “Motif” & Begin “Phrase”,
(RAH)(1A+),
15 End “Motif” & End “Phrase”,
(2A)(1A4)]
TERMINATES[ALL]
PROPERTIES[ALL, Pitch=C,

ALL, Loud=5]

In this it will be seen that the second line in the LOCATION field states that the
location of the note at the end of the motif but at the beginning of the phrase is

| delayed (offset to the right at level 2) whilst the third note is advanced i.e. offset

to the left, as a result of the statement that the note at the end of the motif and at

25 the end of the phrase is offset to the left at level 2. In this case the length of
each note is determined at level 1 by the statement (1A+) at the end of each line

in the LOCATION field, there being no level 0 transition statement.



NAME[ Not e] LOCATION [.Begin "Motif', (1A+), End "Mtif' & Begin gP,hr p
(2A+) (1A+), End "Motif" & End "Phrase", (2A-)(IA+)] TERM NATES] ]'Sﬁje?"ﬂ‘f
PROPERTI ES[ ALL, Pitch=C, ALL, Loud=5] In this it will be seen that the

second line in the LOCATION field states that the |ocation of the note at
the end of the notif but at the beginnilBg of the phrase is del ayed (offset
to the right at level 2) whilst the third note is advanced i.e. offset to
the left, as a result of the statenment that the note at the end of the

notif and at 25 the end of the phrase is offset to the left at level 2. In

this case the, FAY (%im ¢h note is determned at |level 1 by the

st at enent (I%—t‘ﬂﬁv—wﬁﬂo’f each line in the LOCATION field, there being
no level O trpngéddn@npiifairedRmbodménBEiIRA84; B8 Reeqped ewpndidrerince e
second preferred enbodi nent will now be described, wth reference to
figures 11 dighré®.11Aandrelt.i oned naraitmedt hbsveg nthisd embividinisets ubde tlsarmed
under |l yi ng concepts as that of the first enbodinent, but the detail ed

i npl eneht at iwHeHNiN orRNTEPISt @F o thitf odr she THest prbodunerfe but tthe sletrledur e
of this enbaodi nent T:ﬂf to gefi ne (iﬂt%e n&&.ﬁ\?or k and thus the grid on the basis
of which t héMREPENRPPP 2p8 DOAHDEIEERE T hi s exanple, 10 the grid used is
that shown in figure 11, which may be defined by the integers 2,

The first stage in the procedure of this embodiment is to define the network and

thus the grid on the basis of which the music will be generated. In this example,

10 the grid used is that shown in figure 11, which may be defined by the integers 2,
2,2,2,2,2.

In order to generate music on the basis of the grid, the composer or user of the
system defines a series of musical rules, some example of which are shown in
15 figure 12. The collection of rules that are active at any one time is known is a
“rule set”. The completed grid, after application of the rule set, is referred to as

the generated ‘structure’.

Each rule 1s defined by a set of six primary parameters, namely level (L),

20 position -(P), amplitude (A), pitch (p), tonal information (T) and interpolation

g d

(D). Each rule may, but need not, also have an associated “context”, to be
discussed in more detail below. In order to illustrate how these various
pérameters are used in practice, we will now step through the process of
generating music within the grid of figure 11 using the rule set illustrated in

25 Figure 12.

To start, the system automatically marks or “ﬁl_ls in” or “activates” the

A



©2,2,2,2,2.-1n order to generate nusic on the basis of the grid, the
conposer or user of the systemdefines a series of musical rules? EC%EEP 2004
“exanpl e of which are shown in 15 figure 12. The collection of rules t
. are active at any one tine is known is a "Yule set". The conpleted grid,
after application of the rule set, is rgferred to as the generated
"structure'. Each.rule is defined by a set of six prinmary paraneters,
nanely level (L), 20 position (P), anplitude (A), pitch (p), tonal
i nformation (pperandt redion el Alel @nid (10.. Eadghuppdrenoyayegiont (andedein®tin fiso
have an associated "context", to be discussed jn nore detail below. In
order to ill esampleg ihmienred e avdh¢ Gupiversat aegiont.s léqarecmmn@epﬂa@tﬁl&,@i we
will now step throu rocess of eneratl ng Nnusi c inthe g of

figure 11 usihglippe %F@}ﬁwg uf ey, oepd feitheqisenty Wil ard 1@? rgtaa?nem ihe

system aut o r i l r 04 20
upper nost ”8‘5185%86‘%?@ Er.@h% pl’lnﬁdé tﬁgrarﬁ) E‘?Fég‘ffgﬁ“?é& FSZS\S)ef&%Evﬁ hi s
exanpl e} i s frf‘ef@rmeﬁalt &g@eﬁa ﬁéﬁﬁkewmevgeert%@zl ddfﬁ\gl'to"iyplcmj? t%‘é%‘i’ﬁﬂ'n%ﬂ%%fﬂhfat' s
filled in automati cal w t hout any for the user to wite and

i npl erent a sgEon fswtdﬁ,ls&)ﬁm tlfeaiyseélﬁetmts Whke sderpdel. t ude, pitch and tonal
informati on associated with 5 the universal region is |ikew se set by
default: typi caIIy, the anplitude of that region is set to O, so that the

o ched. w ¢ In tiekfis 11 §18/3ted B Hreouovn BT ni s SEERR T PR et on
par ti cul ar | BUaE areaiend 5 R HCRaRRL Fhe pepekentf O AN ROME ot i
“any hi gher | enehsitheiWaten particiddd deskbik gdid ta ex@n-vaedre théreds raeghaige at that
point in any higher level between an activated and a non-activated region.
There is also deemed to be a transition where, at that point in any higher level,

there is a conjunction of two activated areas.

15 It should be understood that there is deemed to be a transition at a particular
level if there is a transition at the same point at any higher level. With the
application of some rules there will not necessarily be a boundary between an
activated and a non-activated area in the next level immediately above the

cufrent level, but there will always be such a boundary at that point in at least

* ’
g

20 one of the higher levels.

Ha.ving completed level 7, the system now moves down to level 6, and it parses
the rule set to determine which of the current rules are operational at that level.
In the current example, only rule 1 is operational at level 6, and that rule is

25 therefore parsed and applied.

In order to apply the rule, the system first looks for all transitions at the next



There is also deened to be a transition where, at that. point in ?ysgggaﬁﬁ
level, there is a conjunction of two activated areas. 15 It sh 4
understood that there is deenmed to be a transition at a particular |evel
if there is a transition at the sanme point at any higher level. Wth the
application of some rules there will r2dt necessarily be a boundary between
an activated and a non-activated area in the next |evel immedi ately above

the current , .but there WI|| uch a oundar at that point
in at |east 1812‘%‘}@?1\63 15p (ﬂ%étllﬁlcéﬁ%re‘i’%ﬂgﬂsﬁe ?F& 18 Ol 2FEg! 3@8?1'“‘?’11 the
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t heref ore parse applied. '1n order to appl rule e sy temflrst

| ooks for ahht thedsfifandnsovadabhs d@@i«ta]&tﬁoﬁf’r@ﬁﬂﬁaxﬂ:ﬂbhﬂ%) level up (in
this case, level 7). Here, there is only a single transition, at the end

of theSuniversal region 20 (or equivalently, at the begi nni ng of the

uni versal region, since it is of cour e.tg,be er,st.0o

"wraps", soﬂF he pasition FP*’@?’E“@H%Tnébe’G’E i 52edl I‘Eﬁﬁn‘lc {jeé Bf?é O‘ﬂ%md
boundary) . h r kLl i eg t hat
t he bl ock ﬁ%ln%m%agﬁg (gljé%ft@? Iaatlﬁﬁﬁ%tnrlgnmb;é i @}1&% S tghbS re}gﬂ?tﬁh%tﬂéjb%
results in syl @%112 coa&pla%uel Thebginptinenil By, eflerebyeindigutingudat itse 10,

t hereby indicating that the block 22 iS to be given an anplitude which is
ten steps uploshrd® v exldki giodn 1 anmﬂmdﬂjwfsd'almtmbs@stmsomﬁ pnedeﬁm!bnt

. block 20. Since the anpljitude of the parent bl ock was 0, | i
. associlft ed swphitudsesaslepakovethas ofgts Hﬂf@%bﬂ’&i‘ii Sifcs the amp e 3a8 of

parent block was 0, the amplitude associated with the block 22 is 10. The piich
offset is 0, so the block 22 is assigned the same pitch as the block 20. The
tonal information for the block 22 is given by T, and the interpolation is 0: both
of these parameters will be described in more detail below.
15
Once level 6 has been completed, the system moves to level 5, and looks for
rules which are applicable at that level. In the present example, only rule 2 1s
applicable at level 5. Next, the system looks for transitions at level 6: in this
_ example there are two, at the start and at the end of the block 22.  Applying
20 rule 2, two blocks 24,26 are filled in at level 5, each immediately preceding the

—

two transitions as is indicated in rule 2 by the position parameter “-”. Both
blocks inherit all of their attributes from the pareﬁt block 22, except as
otherwise specified in the rule which creates them. Rule 2 specifies that both
of the blocks 24,26 have an amplitude offset of 0 (so they take the same
25 amplitude as the parent block 22). and a pitch offset of 1 (sb their pitch is one
higher, according to some predefined scale, than the pitch of the block 22).



" offset is 0, so the block 22 i i
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exanpl e there are three such, rules at 1evel. In the present
si ngl e rul ecostext !mﬁggg;ag;@nt Treilladﬁ? sg{sterﬁga o it esle3is th badpplicd; aod BAly a
needs some mechani sm {qr t i Ri ach transition point,. the system
precedence. V‘I@*&ﬁ“?% t‘akgﬂé%\& t?ﬁwbgf Eegaartﬁ,(sﬁ ﬁdfj Ct5 Emkt (dacisthe easoith rpl&é e

‘ O] e "context" i nf}g%}al QR Whi

jwhi ch

may opti onal rpe/el Psgdt@ﬁlgggit@t bl tb hariyn thiavbitieal beUNCER, TORHES ot

information S i
yst em wh th 1
S atderd taisibes 0 eggeiﬂa&%léadoﬁhﬂe_s

‘wei ght § ' 1 i
g g@g t orfgs, girleeh appliet to #if highgrdey EAERNG K Sis the case with

rule 3) the rule is de
) emed to S ,
hi gher | eveltakes precedence. apply to any transition between regions at a

The context information associated with the rule, where it exists, consists of a

level number followed by three weighting values which relate, respectively, to

15 Beginning, Middle and End. So, for example,
Middle and FEnd weightings of

in rule 4, the context

information relates to level 6, and has Beginning,

respectively 1; -10 and —10.

At level 4, the system starts by determining all the transitions (four in this

20 example), and then proceeds to apply cach of the level 4 rules at each transition.

%v’ :

The weighting of each rule, at each transition, is determined as explained

below, and the rule with the highest weighting is considered to take precedence

for that particular transition.

25 - VWhere a rule has an associated context, the possible weightings for Beginning,

Middle and End are given by that context. For a particular transition at level 4,

the Beginning weighting i applied if that transition derives from the beginning



10 Thus, rule 3 applies to all higher-level transitions unless y\tsﬁ rul e
4 or rule 5 takes precedence. The context information associ at2 H12ﬂlh’e
rule, where it exists, consists of a |evel nunber foll owed by three

wei ghti ng val ues which rel ate, resggcti vely, to 15 Begi nning, Mddle and
End. So, for exanple, in rule 4, the context information relates to |level -
6, and has Beginning, Mddle and End wei ghtings of res tivel -10 and

-10. At If%gf&?g;%ftlg?}e%)aégwﬁé@mﬁmimmadmmcm ni ¥Ry far FX%fﬁg%r‘%ﬁ%‘?ét%bns, (f our

inthis?© hen proceeds to apply each t: gld 4 rules
at each 5@?““%“’“ Eheiverighen the kﬁf\’ebé}c‘iﬁa‘?ﬁ‘l@%‘? dg{wg%g dtlg gﬁéﬁil on, is -
det erm ned aS expl ained below, and the r i idHtahest vid ghting is
consi der gdnt ehd @lgginmr@eﬂéinb]éwkffﬁr ef’ﬁlag' p%ﬁiewﬁ%gré ?r%éénus?{g?o%é %% Where a
rul e has an associ ated, context, ..t | bl;@qweifghbloaRat flevel Begingrd ng,

"M ddl e aappliedifdhe tgnedvngy l@ﬁq{te@&\ﬁi (lfmléor a particul ar traHs(ibéi on at
Level b st B LBb 59 a8 4Ri-agf ki aapiitied i inficrited drandhe €8 i ves
fromthevﬁé@iﬁiﬂﬂﬁg— 7588 30423 of a bl ock at the |evel specified within
t he context. exanple, inrule 4, a weighting of | is given when
t he | eveﬁ%}ﬁﬁgﬁgélﬁ'on derives and is inherited fromthe beginning of a
bl ock at level 6. Likewse, a weighting of -10 is applied if the
transition is inherited fromthe m ddl f. & blpeKo@tnltevetrafisitiandata 5
wei ght i ngrigf coritxi ef alled BSANS g%f‘tiafwﬂ‘é‘ti?’rgaﬁfsﬂ(?ongli S i nqref;i ttgd f%m t he 3
end of a block at_level 8. oho bflaeblockmansvelhat tAc wéilfhting OF
-10 i s gilewel 4 ovhich rl%h@pqrﬁgchggﬁﬂ%ﬁ%%g?hg V\%];D%h i ahi nhiglr 'gs%g E{,@ﬁoré}ktﬂf :

. beginning of a bl.ock at . elramsitibines $ntnaritdd fwen gAE IS i f~t he,
Ltrah@iti on’%g%minﬂHérgl%’%{ijl#rﬁl\érr{lr?hel m ddl e of a block

: in . o end
level 5: and a weighting of 3 is given if the transition 18 inflerited from the en

of a block in level 5.

Where there is no context (as in rule 3), the rule is applied to all transitions at

15 that level and is given a nominal weighting of 0.

is indi - 00.
The first of the transitions at level 4 is indicated by the reference numeral 1

Applying each of rules 3, 4, 5 at this transition, one finds that the rule 3

weighting is 0, the rule 4 weighting is 1 (since .
. ighting is — e
3 20 beginning of a block at level 6), and the level 5 weighting is —10 '(as

i t of
transition derives from the beginning of a block at level 5). The highest o
takes precedence. The block 28 can

this transition derives from the

these weightings is 1 and hence rule 4

’ : . * 1 :
therefore be filled in, according to the parameters specified in that rule

s 0
specifically, the block comes immediately before the transition and has
25 'arnplitud-e and pitch offset from its parent block 24.

Ih this embodiment, a rule triggers only if its weighting is greater than —1. Any

[y T .
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"level 5; and a weighting of 3 is given if the transition is inhepi [
the end of a block in |®8vel 5. Were there is no context (as I??ﬁg%;ﬁﬂ

the rule is applied to all transitions at 15 that level ‘and is given a
- nom nal weighting of 0. The first of the transitions at level 4 is

i ndi cated by the reference nuneral 100. pl ying each of rules 3, 4, 5 at
this transition, one finds that the rule2 weighting is 0, the rule 4
weighting is | (since this transition derives fromthe 20 begi nning of a
bl ock at | evetul®)wvitlanavdipgtih€¥emifuye t Il
derives fromthe beginni %g % a bl gycvg cgpbslsgggn ﬁev&Qr%gélh &ﬁg }El’tlg??ésq’lﬁ%she
wei ght i ngs; |W61g1mm,gmmrethatmhxw dtl*teakgessm]reafummghtmgmtHintQ@kelZS can
therefore be filled in, according to the paraneters specified in that rule:
specifically, the bl ock cones imedi ately before the transition and has 0O

e P RIS PN R ot
24 rule yith @ E’%‘n@@' n?hgfhlgh%?%fa%ueoﬁexjeeﬁ% V\Hd h%’fveeful rg g%eéhqr%ﬁ eélltc];:t Lgte

resultant wei ‘ght reater an any othéer ’possible ru

| evel . Appl yiTige blbes 36 cdh and Be ermetdhﬁl hé@}airﬁg ﬂﬁt}ileoiaafa%ﬁét&fss omhat at mle:
ence

respective weightings 5 0, 1 and 3. The hi ghest value here Is

rule 5 takes jrlerctertoansititn vollotie Scamptihee dsahé pated hlusc]a@¢pbﬁh Withtz0
the paraneters of that rul fore the transition, with the same

anpl i tude as R MEhELCBS gkﬂbeé angdfie piichipfahe plockiZ4ef two steps hi gher
than the pitch of the bl ock 24. 10 Applying the three rules to the next
“transition 102, gives respective weighting values of 0, -10 and -10. Here,

5 '; Eg L;glnﬁln;[ ingﬂo% %%ﬁ’gdctéﬁg%ﬁ’lélt@ﬁntéé?]ge %Eﬁ.iit ﬁfanﬁtmﬁ"l@?k ghlesHespEitfle Greigihing rOM
values of 0, -10 and ~10. Here, the tran51t10n 102 derives from the end of a
block 22 at level 6, but from the beginning of a block 26 at level 5. The
highest weighting is 0, and hence rule 3 takes precedence. Block 32 may thus
be filled in: this has a positive offset from the transition, has an amplitude two

15 steps up the scale from that of the block 26, and a pitch one stép up the scale

from the pitch of that parent block.

The final transition at level 4 is at 103. Applying the three rules here gives
respective weightings of 0, -10 and 3. 3 is the highest, so rule 5 takes

1 1
e

20 precedence. The block 34 is accordingly filled in according to the parameters

specified in rule 5.

There are several possible 'approac;‘hes for dealing with the situation where two
rules end up with the same weighting. One simple approach would be to select
25 one of the possibilities at random. Another approach would be to make use of
some tie-breaking rule, such as always to choose an Beginning weighting in

preference to an End weighting and to select randomly only if there is still a tie.



hi ghest weighting is 0, and hence rule 3 takes precedence. Bl ock 32 may
thus be filled in: this has a positive offset fromthe transilzip(r}sﬂh gn
anplitude two 15 steps up the scale fromthat of the block 26, an g@ﬂ h
one step up the scale fromthe pitch of that parent block. The final
transition at level 4 is at 103. Apply&gg the three rules here gives ‘
respective weightings of 0, -10 and 3 is the highest, so rule 5 takes 20
precedence. The bIock 34 is accordingly filled in accordlng to the

par amet er s Iﬁ?ﬁi ?f’e)& Heldt mﬂ‘é§ Jﬁ%f&)u@ﬁ garggéé‘bep@ﬁé t | & apppeashies for

dealing with uat1on e ‘'sane weighting.

One sinple aﬁWB@ﬁibrMﬁcélB/ cﬂé%u%ﬁleetﬁhn%ﬁl@@e of the possibilities at
random Anot her approach would be to nake use of sone tie-breaking rule,

such as always to choose an Begi nning weighting in preference to an End

wei ghting and to select randomy only if there is still a tie. 2 7 SEP 2004
25 More conﬂpékeﬂr@feﬁﬁéa%nh@dlmﬂné@]éwﬁh Bt ews en Higwteyildend $dheeach

whi ch 11y d bl e than oth d
embodi ront (4 RBGUACRLERSh JA G es Otp § anibsy o AHeRhaPofedt
rule may haVWh SQGR §ds Wnbfe an? oHé”I-f%'E ol nd fe%l%ﬁ{edcﬁeng'a‘?%%gf aﬁ‘@%@ﬁe a

rul e has nore than one context, 1t Is eva uat ed separate

transition FimnlitloanIj)oﬁﬁC |ﬁorpQ>ﬁ§ll.1 b sib0et eatitextanahd hie r@sultﬁzﬁntwi\%mk% ii8g is
determ ned. The final %mlngto be applied to that rule is t aken to
be the sumdsterpiined. helhe dinal m@aghtt:@n&oelm apph@tﬂtmeghuimgsthenaamn tobet he

rules | to 5 -are rul es ransition rules"), since they
~operate by |th?1§‘1‘rpt°gﬁigth8ll’c]@ﬂé’|‘ Bﬂ‘iltleﬁ%bésreén‘fve@gaé‘ &r fromthe rear edge of
-8 10

All of the rules 1 to 5 are known as “edge rules” (or “transition rules™), since

they operate by inheritance either from the front edge or from the rear edge of a

higher-level block. Rule 6 is a different type of rule known as a “middle rule”.
15 Rule 6 is a middle rule which applies at Jevel 2. There is no positional attribute
for a middle rule, and the P-value is therefore shown as N/A. The interpolation

- or I-value of this particular middle rule is 1.

If there is no context to a middle rule, it automatically fills in all available

-

20 blocks at that level. The amount of filling in may be restricted by context, and
in the example of rule 6, the context indicates that the rule is to fill in every
block under a filled in level 4 region, where that level 4 region derives from a
higher—level 6 region. If the inheritance is from the beginning of the level 6
region, the weighting is 1, and if from the middle or the end of the level 6
25 region the weighting is —10.

Since rule 6 applies at level 2, it operates to fill in the blocks at that level which



hi gher-1evel block. Rule 6 is a different type of rule known as a_"m ddle
rule". 15 Rule 6 is a nmddle rule which applies at |evel 2. ThereZiE
positional attribute for a middle rule, and the P-value is therefore shgm#
-as NNA The interpolation or I-value of this particular mddle rule is 1.
If there is no context to a mddle rulg it automatically fills in all
avail able 20 blocks at that |evel. %mount of filling in may be
restricted by context, and in the exanple of rule 6, the context indicates

that the rulgeiimh@liflely bémkagl Bd/biolkook a'r',lﬂ oft fv'el 4edgo§he fﬁ'ﬁl I‘ére ﬁ' on.

where that |level 4 regi'on derives froma evel

i nheri tance ulsnfatam tﬂ'[ﬁnbegBElg‘mﬂngOftrahBﬁldne‘aﬁlle@el 6€%anheﬁc!ée a}‘@'@@éﬁ g is
1, and if fromthe middle or the end of the level 6 25 region t

wei ghting i sWBIEbUH& chb r ihg Bﬂapkﬂesemtaﬁlllmveeiyﬂﬂngl tndepahatleselt © Hlbtiks i n
t he bl ocks 2#%% g v¥1| ch 2 SEP 2004 26 are imedi ately beneath the
bl ocks 28 a SH’fce I°4th08%tufl1t"6‘ﬁt9c Nelsaivgehpean End tnamxtaby atfleveld 6,

h f 1. Th
Pu'e dose norernpleteBive B FeininBllt PRE T edorf by Feedlied Stk vifeds Botn
of those ul ttheptal m@h@bbaﬁnéﬂw@m nNf el 6 5 and hence
receive a weighti r?g of -10. c} ﬁg&gw%gg?ﬁﬁgt g%?%ﬁéru ?ﬁﬂt r1| ggers, in the

present enbodi nent, only if the vvel ghting is greater than -1. If
interpolate _i.s set to be on (1=1) the rule disregards the anplitude and
pitch that Hhdtieardatsetsicsdo s orhKlrli)ithe m&e)mswwrdarthmmmnue asd qditth
|nterpolates[ {Suljd Iues ofar is possible, fromthe start

t
and end poi A Pe b§” ‘is’l@l eé’&ﬁ% el 19stead inferpalatergbeidi nt
~calculgyi Onsfaﬁie% ﬂ%"ofé&séédtha't E’SSPSS%%IGWEIIE)?H e Egﬁ%{emhiggghgloﬁdygatex%r 15

nusi cal | y-reasonabl e i nterpolations ere pos /
i nter pol at edmmiddistelii bbevethrefilM | Flhridgepsint RalkulatkMRi &%t used: instead,
the system simply makes musically-reasonable interpolations where possible.

Accordingly, no interpolated pitch difference will be less than 1 semitone.

15 Finally, rule 7 is another transition rule, this time applicable at level 1. The
context here specifies that the rule is to look at all transitions having a level 4
parent, and to trigger only if the transition arises from the middle or from the
end of a level 4 region. For this purpose, all middle-fills are themselves taken

- to be “Middles™: in other words, each of the regions 36 to 42 are deemed to

-

20 derive from the middle of level 4 region 28, and each of the regions 44 to 50 are

deemed to derive from the middle of the level 4 region 30.
Rule 7 results in the filling in of the areas 52,54,56,58 and 60.
25 Each rule has associated with it tonal information, indicatt_éd in figure 12 by T.

This specifies the scale information and provides a convenient way of limiting

the notes that can be chosen by the system to a particular scale or scales. The



15 Finally, rule 7 is another transition rule, this tine applica%{ﬂe at
level 1. The context here specifies that the rule is to | ook at ZalISEP 2004
transitions having a |l evel 4 parent, and to trigger only if the transition
arises fromthe mddle or fromthe end of a level 4 region. For this
purpose, all mddle-fills are thensel vg§ taken to be "Mddles": in other
wor ds, each of the regions 36 to 42 aré&’deened to 20 derive fromthe m ddle
of level 4 region 28, and each of the regions 44 to 50 are deened to
derive fro } 1 4 .regi '

filling i abPath g?éecgsd‘%ﬁflggfi lzlsjg@lé’ 1§ o cR6yter € ahrfadtl hsscibelilf
with it tondeaiifferemyion Fired] dakwed OQonipger ik Dyuthal This ;ﬁpeztai-fjfs the
scale informati on and provides a convenient way of limting the notes that
can be choséummert/fd3systemto a particular scale or scales. The 2 7 SEP
2004 27 approach used, described below, is a devel opnent of the approach
described in Leach, Jereny and Fitch, John: Conputer Misic Journal, 19:2,

pp. 23-z 33, Topal: _infermtion f.or_a_ piece, of si C be
repr esént ed nggs oé\ﬁwnjfiag if%ragg’ledﬁéﬁ?%aw Ydi© Elepﬁ?sgpﬁerdcﬂ%/sggwgclg[ﬁéurgnd
sub- scal es, 18agfinsiy SCALRIALY b cale highesbl 6@ Loyt the
hi ghest level s the chromgti c?scalce1 ?-??8?%??%%1&&3% cﬁe%lbs%\ég% ??x@%sag%bg‘ 132
may be choseed offrloghehtvetsadle, At tledridhds3devalys tHeechrboseie, scaledl 30, frorhhe

chord a single tonic note 136. 10 In the exanple shown, there are of course
three possi Blechaspecidisssorly 18 Ranaohe chosgn hilfromméhatiseple, alehosdilSd, megier e

3 seven PRSSHELS, SRETTIRPLAN | 8ot sRoRke jR2 1 e v 11 precerve (e
onto tfge chromatic scale 130 in which the scale :
In the example shown, there are of course three possible positions for the tonic
within the chord. Likewise, there are seven possible chord mappings to the
scale 132 which will preserve the chosen chord intervals. Finally, there are
twelve possible scale mappings onto the chromatic scale 130 in which the scale
15 intervals are preserved. It may be helpful to visualise the chromatic scale, the
scale and the chord as each being rotational. In order to supply a mapping
structure for a piece of music, one simply needs to specify, by means of a
vector, the rotational positions of each of the mappings. So, for example, the
mapping position shown in figure 13 might be uniquely determined by the
20 vector (6, 4, 1).

i :
s

In the preferred embodiment, the tonal information T within each rule is
represented by means of the vector followed by a single integer, for example (6,
4,1):2. The final integer (2 in this example) tells the system how much of the |
25 vector is to be used to constrain possible note values. A value of 2 means that
the 6 and the 4 are used only, thereby constraining the system to the three
possible notes available within the chord 134. A T value of (6, 4, 1):1 would

ﬁ_;:'



15 intervals are preserved. It may be hel pful to visualise the chromatic
scale, the scale and the chord as each being rotational. In ordeﬂ?cﬁﬁqmp@w
a mapping structure for a piece of nusic, one sinply needs to specify,
- means of a vector, the rotational positions of each of the mappings. So,

for exanple, the mapping position sho% in figure 13 m ght be uniquely
determ ned by the 20 vector (6, 4, 1).“9n the preferred enbodi nent, the
tonal information T within each rule is represented by neans of the vector

fol l owed by gligvnRe Syvdtbh8d8ise 4H0r L& Wi Byin 114 , The final integer
(2 in this exanpl e)gj}t’el l's tﬁgas sotfem 'o&vgrrw(ﬁ{éﬂnge?%aee ggz'vect or is to be

used to constrain possible note values. A value of 2 neans that the 6 and
the 4 are used only, thereby constraining the systemto the three possible
notes avai | able Sytemiuses e tomel thfosHation first dlyudheokingihe absdlutd pietticht 2t 7

SEP 2004 28u€I | ow t.he ﬁystegno se any of the notes within the scale 132.
The syst em uS&sNGHIGGLFOM akevs fMeriexaminle &i#)by Tdwentaras allsvalile apiton fi t ch

that its hasy rited f.r ove. (for exa C#) ., The nearest all owabl e
option 20 5 | agpgi%'%ﬁhg%e en%rgrri n&d tﬁei%s‘?@ Z@vs@ ob)"%-gthes systenp chogaes

system ch OOSﬁﬁich\efﬂéﬁﬁl@%%iﬁﬁlﬁ}tEe %61:@ 4 ﬁ%g&é’é@;}ﬂa()%%ge{rﬁ?rg,!tﬁ‘é %ﬁg;@#&f Q})Tg ,e n,

the pitch offset (p) is applied. If the pitc

the system tiseppbiedint K the pitab offstefss for étinmpleh2, thbrsgeead Haneddidtdabasyf
the chord 134, and works out the absolute value of the resultant hote. The
absol ute pi teFPoMithathgdhes allewablelnotesiafntheoctedt hd4,pand hwartkst det tHeock

that is to b | in t hat ..particul rule.. By encodi ng tonal
“information %eor?BH# Sg\l/\%fyf)? ¥]P1eér€ss§/1g$8{ﬁ’8@si Sﬁ%‘? ah%ﬂuﬁﬁgpﬁaﬁ H& thabralg 1S/ them t he
piece 00 NMUShkede) BOULSRRIA Sl Wb demhe BN ki yerall . musi cal
structure which ensures that Oﬁwéﬁgagﬁowéﬁééﬁptw(gﬁg&%ﬁc &

By encoding tonal information in this way, the system designer can vary the
tonality of the piece of music being generated while remaining within an overall
musical structure which ensures that only musically-acceptable notes may be

15 created.

Once all of the rules within the rule set have been parsed, and the grid filled in,

the system will then immediately or on request play the resultant music. This

is achieved by starting at the left hand end of tﬁe grid and gradually moving

20 ~across to the right. A single note is g'enerated for each filled in region, the
length of that note corresponding to the length of the region, and the amplitude

and pitch of the note correésponding to the values that have been set by the
underlying rules. Only a single note is played at once, that being determined at

‘any point by the lowest-level filled in block. If several blocks are filled in at

25 any one point (for example the blocks 52, 36 and 28), then only the lowest-lying
block 52 will sound. At the end of the note represented by the block 52, there

1s no block filled in at level 1, and hence the block 36 in level 2 will sound.



15 created. Once all of the rules wthin the rule set have been parsed, and

the grid filled in, theé,systemw Il then imedi ately or, on req?e?t @53,}/
the resultant nusic. This is achieved by starting at the |eft andS nc084
- the grid and gradually noving 20 across to the right. A single note is
generated for each filled in region, th | ength of that note correspondi ng
to the length of the region, and the a itude and pitch of the note
corresponding to the val ues that have been set by the wunderlying rules.
Only a si ngl §hiwoécntintiep udiPtheddnddC@e ik rBaiHed determined at  any point
by the |owest-level filled in block. I'Tf several blocks are filled in at 25
any one point (for exanple the blocks 52, 36. and 28), then only the
| owest-lying _block 52 will sound. At the end of the note represented by
the bl ock 52AltexBaKvesis no block filled in at level 1, and hence the bl ock
36 in |evel % mﬁhg sound. . 2 7 .SEP 2004 2 Th%&bcontinues until the end of
the grid is rBScHEIPWIRE, AHFRAIYES -Are ThessiRles GNhAYSRAI thsynars visd ab eresent

possi bl g, al ;&gyhllg(g}rl{elaq}ﬁ@{h% I;}E%é%tdnﬁ;sgﬁ%ﬁnt 5 incorporated into the

preferred syste nst ead of “of the links fromone |evel back
to its ancestor levels, one could instead sinply base a rule on what is
imediately to the |eft and imediately to the right of a transition at

t he next | evhistaag ofilfeepingialh ofithelinkpfioonaty lavebback & toahesstsr ovlsdogepend
upon the immedi.gte area of the transition being .|ooked at, rather than
upon its hi gHEHS| Blaad,selyy gaser@ BrlsvPrevhat iadmmedialy ficehoileftt gnd each

| | d, i I 131 sl d " t" t.er ., That | d
therare to MmRHRARAS HOMARr o SAGE Y, BELAT 16 < aa WRrTotea ock
i medi aoel y giprvech, NebhaekeoMie® weuld depend upon the immediate area of the

transition being looked at, rather than upon its higher-level ancesfry.

To provide for additional flexibility, each rule could, in addition, include an
“adopt” parameter. That would force the rule to inherit not from its parent
15 block but instead from the block immediately above the block which is
currently being filled in.  So, for example, turning back to figure 11, rules
could be devised which would allow the block 60 at level 1 to “adopt”
characteristics of the level 5 block 24, rather than from its level 2 parent 42.

. Options for “adopt” include:

R

20 1. Inherit from whatever is directly above;

2 Inherit from whatever is not directly above;
3. Inherit from parent, and
4

Inherit from whatever is not the parent.

25 For option 2 and 4, above, the system would move either to the Jeft or to the
right of the relevant block to avoid either what is immediately above or the

parent, respectively.



" currently being filled in. So, for exanple, turning back to figure 11,
rules could be devised,which would allow the block 60- at | eve? tnéﬁoﬁ
"adopt" -characteristics of the level 5 block 24, rather than fr 2004
- level 2 parent 42. Options for "adopt"” include: 20 1. Inherit from
whatever is directly above; 2. Inherit fromwhatever is not directly above;
3. Inherit fromparent, and 4. Inherit 3 omwhatever is not the parent. 25
For option 2 and 4, above, the system would nove either to the left or to
the right of the relevant block to avoid either what is i mediately above
or the parent, respectively. 2 7 SEP 2004 30 The level (L) values shown in
figure 12 a | (TG4 i It I ' { bl with the
1 7ot - embod T e L B sP e SR dnlEcBo Bl BFor B
integers. Thado beylodsibhabisewh naedtst etnBotlindg, Hsask abnfes & MaidAtVA10Es
different levels within the structure, dependi ng upon context.” Rather than
“al | owi ng onlrgthgr dhapyfixeduintegers. opdhat avaald eacblet a amsied nie thtbevostd dve
possible to all ow ppre than ane .rule to operate. For exanple, if one rule
gener atis a”l?l“‘&gbkoﬁﬁ‘ifgﬁe‘?ﬂ%ésﬁ’ﬁ%ﬁhe SEUGHUFS, LSRENTIBA UROA @bt Fer rule a
bl ock 10 whi ch noves backwards of the sane transition, both could be
allowed to operate without interference. In the preferred enbodi nent, the

systemis prRuthéefamiallbwaig 8ARYa b gis fulk &@d%ﬁaera%élﬁt S dHONh NGt R ol be

conposer an easy nechanismfor creating and nodifying 15 rul€ sets.
rul es may b@oesa%]ei 0 allpw denrtitheedmresndacth opertfee uBer exampldl ifesmatrileel v,
inasinplified rodgct the rules may be_ hidden fromthe user and
generates a biock which moves forward of a transition and another rule a block
10 which moves backwards of the same transition, both could be allowed to

operate without interference,

In the preferred embodiment, the system is provided with an easy to use front
end allowing a user or composer an easy mechanism for creating and modifying
15 rule sets. The rules may be explicitly identified as such to the user, or
alternatively, in a simplified product the rules may be hidden from the user and
individual rule parameters may be fixed or may be modifiable only in
combination. The system may allow the user to build the rules from the bottom

up (for example by means of rule combining buttons) or alternatively from the

; ' \\A
i /
st

20 top down (for example by means of rule-splitting buttons). Several systems
could be run in parallel, to generate a plurality of individual voices. ' To ensure
harmony, each of the voices may be based on the same underlying tonal

structure, as for example shown in figure 13.



i ndi vi dual rule paraneters may be,/fixed or may be nodifiable only in

conbi nation. The system may allow the user to build the rules fr?O@EtPhti
bottom up (for exanple by means of rule conbining buttons) or% 084
alternatively fromthe 20 top down (for exanple by neans of rule-splitting
buttons). Several systens could be run in parallel, to generate a
plurality of individual voices. To ensure rmony, each of the voices may
be based on the sane underlying tonal structure, as for exanple shown in
figure 13. 2 7 SEH.ADMS31 D conposition wll be based; (b) defining a rule
set conprising a plurality of sequentially-applied rules for generating
musi cal objects within the franmework, each rule generating one or nore
nmusi cal objects at a given |l evel, defined by the rule within the framework
in dependence updn t r 2f8FHIPE RS Csating & musicsl ccahpmﬂi@ﬁécﬁnﬁﬁsjﬁ . 10 hi gher

| evel within the franEd\j\or k'regdegA‘ met hod a? claimed in clal /1 in which each
level of the framework’ dePines Hip By filigreb hiererqhicadl framgivoris virad Ry
di vi si ons, %ach tenpoqsmilpdsﬁg:irp&ﬂﬂlﬁee&fs@ﬁ;enti ng a multiple of contiguous
tenporal regions of amaogé | evel 1i n the 15 framework. 20 CLAIMS: A net hod
of creating a nusi cal\bo®§BBingonle estmondirdfhe d phyr ] ai med.,.i
claim2 in which the fﬁ}lgl caltéﬁ)b' ect sI are def_igr]elc)l b@ﬁg’%eg‘g‘?@@@h%heé]mles
tenporal regions, each 6B Et{HESKE @@ﬁ%r\’athmtthsﬁa&mdvcﬁ]a,de&gllmesg%neeraﬁng

correspondi ng with figgtorahg j visions bounding the respect
region. 4. A nmethod as clai rrgg | n&glogjeﬁ#sftia@Y%téﬁﬁl’ definedbyitharhile edpas ald ¥
posi ti ons framework in dependence upon fransitions between musical objects at a
10 higher level within the framework,
2. A method as claimed in claim 1 in which each Ievél of the framework

defines a plurality of temporal regions divided by divisions, each temporal region

representing a multiple of contiguous temporal regions of a lower level in the
15 framework,

3. A method as claimed in claim 2 in which the musical objects are defined by
the respective temporal regions, each object having temporal start and end points

corresponding with first and second divisions bounding the respective region

20
4, A method as claimed in claim 3 including a rule which temporally positions
a musical object in dependence upon a start point or an end point of an object at a
higher level within the framework,

25 5, A method as claimed in claim 4 in which the said musical object is offset

from the said start or end point of the object at a higher level within the framework



a musi cal ,obj.ect i"n dependence upon a start point or an end point 6f an
object at a higher-level within the framework. 25 5, A net hOdqu"'SEdFainge
in claim4 in which the said nusical object is offset fromthe sal t
or end point of the object at a higher level within the framework. (a)
pre-defining a multi-level hierarchical framework on which the 2 7 SEP 2004
32 6. A nethod as clained in any one of trrlgs-‘precedi ng clains-in which the
generated nusical object inherits one or e properties froma parent
object at 5 a higher level within the framework, 7. A method as clained in
claim6 in which.the rule nodifies the inherited properties of the parent
object. 10 8. A nethod as clained in claim6 or inclaim7 in which the
inherited property conprises anplitude, pitch, tonal information:or
tenmporal positign.. 9. od as clajnmed in any one of the preceding
claims in whi ch%tr']he %?ﬁ%ﬁé&@?&iﬁlﬁdc%&nﬁwmyoﬁmlmieagdﬁlgeclﬁﬂdseﬁ} ] t'gﬂl.n
the rule set. lgehbrated AREHRQA @@ctc‘l gi rr&d in claim9 when dependen W{}B the
claim3, in which the transi{rons BeH e%[b‘b%{nompmﬂmtj;ttwfrohﬁa/ghreh? B#;g.’t .
framewor k, 5t o aadiighdr levelanithignfe RAh{Mw ik @ nusical object. 20" 11. ROhEE
as claimed in claiml in which, for "a givéen tenporal position wthin a
given level, all the rules operational at that |evel are evaluated. 12, A
met hod as cl ai m;d in,cl aHH |1 in which each evaluated rule has a - wei ght
associated with'it, frHEHadasgiriored i claimes s aRidotGane Mo B! SR 2P
obj ect at the Sﬁ(@)ehﬁ?éedftﬂg tep'gg.r al position being det ermned BRIFRS
ru Ategt ooject. :

to the respectiv e wel

10 8. A method as claimed in claim 6 or in claim 7 in which the inherited

property comprises amplitude, pitch, tonal information or temporal position

9. A method as claimed in any one of the preceding claims in which the

composition is created by applying the rules within the rule set
15 ' |

10. A method as claimed in 'claim ® when dependent upon claim 3, in which

the transitions correspond, at a higher level in the framework, to a start or an

end point of a musical object.

2 . . . . : .
0 | 11. A method as claimed In claim ! in which, for a given temporal position

within a given level, all the rules operational at that level are evaluated,

12, A method as claimed in claim 11 in which each evaluated rule has a

WC‘ * N ¥ 3 . -
ight associated with 1t, the rule which is to be used to generate a musical

25 j ' ‘
object at the said leve] and temporal position being determined according to the

respective rule weights.



27 SEP 2004 33 13, A nethod as clainmed in any one-of the precedirg clains
including a rule to interpolate a property fromstarting and edd @gp/g{, es
applicable to objects higher in the framework, and to create interpol d
musi cal objects based on corresponding interpolated values. 5 14. A nethod
as clainmed in any one of the preceding clai:g:fnin which a pitch value for
the generated nusical object is selected fr avai |l abl e pitch val ues which
t oget her defi nerr33tong\l ste};tmtdi ngOd:‘Lor t he conposition. 10 15. A nethod as
clained in claind31 taé methodwsioldintetian gaperabetheratsi | ipherits
one or nore properti ezﬂfrom a nusi cal o_b:jmect hi g[?g?é@\ﬁ% ﬁ@’&f@ﬁ%{%}&a%@h
is at the sane t SHESPHYT POERIYHTeR starengend eading VHh&is@.@Plié&bi]@fbtob'é&s niph
net hod as cl ai megh i e R, Rf %ﬁe Igrece ing, clainms including 185 or
g From tHE P dfEHF ¢ Wﬁﬁéﬁﬁeﬁoﬁmﬂ%‘l Abjretshdds@s on

generating mnusical soun

claimed in cl ai rediesponding ¢htetpotatdighlgad sounds are derived, for each
tenporal pogition, fromcharacteristics of a | owest-Ievel nusical object

whi ch exists at that temporal position. 20 18. A systemfor creating a
e-defining a multi-|evel

musi cal conpositjipn, £Q Lsing; .(a),.means for pr
hi erarchical fr alrrzgwor rg%hﬁﬁiaﬁﬁlaléfﬁ@ Iﬁéﬁﬁwptqfége wrdceding daisedn Wibh HEERSH
for defining a redles fRtthe fFdesd l ]t f.sequentially- 25 applied
rul es for generating mnusical oﬁ? g%tsgcai\?\éwéoﬁﬁs ?%eé:%fdr% Aldable pigph ralues which
generating one dPgeberdafitsiadahalabjtigifer e BnPovi@dn! evel . deformed by the
rule within the framework i n dependence upon transitions between nusi cal
10 '15. | A method as claimed in claims 1 to 5 in which the generated musical object
inherits one or more properties from a musical object higher in the framework

_ which is at the same temporal location as the generated musical object,

16. A method as claimed in any one of the preceding claims including

15 generating musical sounds from the created composition.

17. A method as claimed in claim 16 in which the musical sounds are derived
for each temporal position, from characteristics of a lowest-level musical object

which exists at that temporal position.

20
18. A system for creating a musical composition, comprising;
(8) means for pre-defining a multi-level hierarchical framework on which
the composition will be based;
(b) means for defining a rule set comprising a plurality of sequentially-
25 applied rules for generating musical objects within the framework, each rule

generating one or more musical objects at a given level, deformed by the
rule within the framework in dependence upon transitions between musical

objects at a higher level within the framework,



objects at a higher level within the framework. 2 7 SEP 2004 34 19. A~
conputer programrepresentative of a method of creating a rmS|2c?I SE[5/2004
conposi tion as clained in any one of clains 1 to 17. 20. A
conput er-readabl e carrier carrying a conputer program -as cl.ai med in claim
19. 2 7 SEP 2004 35 ABSTRACT A system for gg erating nusical sounds uses
rul e-based algorithns to create rich and ¢ | ex musical structures based
upon a hierarchical framework or 5 grid. Each rule, when triggered,
automatical |y generates. additional nusical conplexity based upon :
transitions between musical objects.at a higher level in the hi erarchy _
The user can influence the music bei ng generated by varyl ng the nunber and
configuration of the rules. 10.(Figure 6) _

19. A computer program representative of 2 method of creating a musica]

composition as claimed in any one of claims 1 to 17.

20. A computer-readable carrier carrying a computer program.as claimed in

claim 19,
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35
ABSTRACT

A system for generating musical sounds uses rule-based algorithms to create
rich and complex musical structures based upon a hierarchical framework or
grid. Each rule, when triggered, automatically generates additional musical
complexity based upon transitions between musical objects at a higher level in
the hierarchy. The user can influence the music being génerated by varying the

number and configuration of the rules.

(Figure 6)



