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Abstract 

W e p r e s e n t r e s e a r t h d i rec ted at d e r i v i n g a b e t t e r unde r s t and ing of the p r o c e s s e s of mus i ca l c o m p o s i t i o n t h r o u g h t h e 

a p p l i c a t i o n of T a s k A n a l y s i s t e c h n i q u e s T h e r e sea rch w a s mo t iva t ed by the n e e d for i m p r o v e d s o f t w a r e t o o l s f o r 

c o m p o s e r s that d o not r e q u i r e e x p e r t i s e in s igna l p r o c e s s i n g s o u n d s y n t h e s i s or c o m p u t e r p r o g r a m m i n g , but t ake ad-

v a n t a g e of c o m p o s e r s " ex i s t i ng k n o w l e d g e and e x p e r i e r c e An o u t h n e is p r e sen t ed of the G e n e r i c T a s k M o d e l d e v e l -

o p e d and Its app l i ca t i on m the d e v e l o p m e n t ot two s o t t w a i e s s s t e m s , M o d a l y s - E R and F i a m e W o r k s Po ten t i a l a r e a s 

toi f u r the i app l i ca t i on o t the G T M and fu tu r e research d i i e t t i o n s are g iven 

1 Introduction 

This paper (Jesciibes on-going research aimed at ptovid-

ing composeis with improved software tools toi music 

cieation on computei The initial proposition was that 

through gaining a better understanding ot the processes 

b> which composers pioduce musical works, we could 

design sottwaie that would better match the needs, 

knowledge and expertise ot t-omposers. The research 

involved taking uscr-centred design techniques trom the 

field ot Human Computer Interaction (HCI) and apply-

ing these to the complex, creative task of music com-

position Specitically, a method of Task Analysis (T.^) 

known as Knowledge Analysis ot Tasks (Johnson 

1992) was used to pioduce a generic description ot mu-

sic composition tasks that could then be used to assist 

the soliwaie design piocess This Generic Task Model 

tGTM) aided our understanding ol the nature ot music 

composition tasks, the enviionment within which tasks 

aie typically earned out and how these tasks are organ-

ised collectively While the motivation behind the re-

search was to improve user-interface design, we beheve 

that the GTM has potentially wider applications as a 

t iamewoik tor cognitive musicological research relating 

to music composition, in educational areas such as 

cuiiiculum design and developing assessment ciitena 

lv)i cieative musical tasks, as a starting point tor devel-

oping aititicial intelligence systems tor specilic com-

positional tasks 

One ot the key aims ot the work was to encapsulate 

many foims ot music composition and so be independ-

ent ol stylistic concerns and compositional medium 

Thus the study included composition works tor acoustic 

instruments, tape pieces crcated by sound manipulation 

on computer and mixed works tor live pertoriner .md 

tape/clectionics Aspects ot the model may not be par-

ticulaily new oi ladical, but wheie the model does agiec 

with pievious ideas, it seives as contiimation by ex-

perimental study of composition task pei tomnances It 

lb hoped that this application ot generic TA techniques 

to music composition will serve as a useful example 

for those investigating other tasks involving human 

creativity 

While much of this paper concentrates on TA of 

creative composition, we briefly outline two prototype 

systems that have been developed on the basis ot this 

work The first deals with sound synthesis using physi-

cal models, allowing composers with little or no 

knowledge of Digital Signal Processing (DSP) to cieale 

complex and interesting musical sounds and gestuies 

using their own virtual acoustic mstiuments The sec-

ond and more lecent system attempts to begin dealing 

with higher level musical structures and reducing i is-

toiirv' (Gieen, 89) as well as pioviduig suppoit foi 

extra-musical infoimation Viscosity is pioblematic in 

software tools tor creative tasks since it reduces the 

scope tor important expenmentation and exploratory 

behav lours 

2 Task Analysis 

2.1 KAT/TKS 

Task Analysis methods are generally aimed at produc-

ing stiuctuied models ol how people carry out particular 

tasks In our reseaich, KAT/TKS was applied to the 

problem domain of music composition Otto Laske is 

one ol the few researchers to have undertaken task 

' \ i s i - o s i t ) r u l e r s t o t l i s I t n e l i i t r e s i s t a n c e t o c h a n g e o t a n a r l e t a c t 

111 i l i i s c a s e II IS a q u e s t i o n o l l u n v e a s i l y p o t e n t i a l l y l a r g e s c a l e 

. . h i i i g e s c a n b e m a d e l o a m u ' i i c a l c o m p o s i t i o n 
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analysis work on music composition at the time and 

while parallels can be drawn between task modelb m the 

tonn ot Johnson's Task Knowledge Structures (Figure 

2) and Laskes model of Musical Actni ty (Figure 1) 

the appioacheb are very dilterent in the two cases Our 

approach has been to look at real-world composition 

tasks with minimal interference, rather than to use di-

lected tasks in contiolled environments This research ib 

inoie concerned with what Laske refeis to as ei)ipiiical 

task anahsis rather than the conceptual task anahsis 

with which much of his work deak To put it \er\ 

crudely, we are aiming to capture more of ^ha l com-

poseis aie doing duimg the composition processes 

lather than the much more ditticult question ot u / n 

We also wanted a more generic result than most studies 

ot music composition, which typically look at Western 

pitch based music and don't include more sound based 

electroacoustic music However, having developed such 

a task model we hope to provide a framework that is 

complimentary to, and usetul for, cognitive musicol-

ogy reseaich 

I ACTION LEV EL | 

I P L A \ M \ G L E \ E L | 

ippllLX 
I TASK LE\ EL | 

supporis ^ ^ sckcLs 

TASK 
E \ V | R O \ \ I E \ T 

I [ \ [ L 

Figuic I Laske s Musical Activity (taken from Laske 

1992) 

The GTM should also allow the incorporation ot re-

sults t iom other studies that have looked at specific 

individual composition tasks m more detail m order to 

impiove the model as a whole The current state ot tne 

model does piovide much detail in many areas, al-

though some remain speculative in nature and require 

further investigation One area that the model specifi-

cally docs not include is that ot the aesthetic concerns 

ot the composer, l e the basis on which composeis' 

decisions aie made regarding what is or is not a satisfac-

toiy aitistic lesult at any paiticular point 

Knowledge Analysis of Tasks (KAT) is a suggested 
methodology foi producing a generic task model e\-
piessed in terms of Task Knowledge Structures 
(TKS's) These are organised into goal, procedural and 
ta\onomic stiucluies The goal structure contains goal 

and elements and the contiol lelations between 

them, where goals and subgoals aie states of the envi-

ronment to be achieved, e g 'edit sound', 'enter note', 

etc The procedural structure contains the piocediiies tor 

achieving goals/subgoals in terms of actions acting on 

objects An object in this model is defined by its set ot 

attubutes (data) and actions (methods) that can be ap-

plied to It The taxonomic stiucture contains object 

definitions and other useful object related information 

(such as typical instances, which pioceduies use the 

object, etc) Figure 2 shows a summary of the struc-

ture ol TKS's 

G o a l > 

S u b g o a l - > 

A c t i o n - > o b j e c t o b j e c t = a t t r i b u t e s + 

a c t i o n s 

S u b g o a l - > o b j e c t = a t t n b u t e s + 

a c t i o n s 

G o a l - > 

J L 
Go lis P r o c e d u r e s T a x o n o m y 

Figuie 2 Task Knowledge Stiuctures 

2.2 Problems of Method 

A TKS is built up on the basis of information gatheied 

from various sources In this research questionnaiies, 

interviews with composers and direct observation ot 

composers at work vveie used as the main sources of 

data for the analysis The observations were also fol-

lowed by letrospective protocols Early versions ot the 

task model were taken back to composers involved in 

the study to veiify that the model lepiesented the com-

posers tasks adequately and to make amendments where 

necessary Composers of different musical styles aid 

using ditlerent technologies weie used as subjects so ai 

to pioduce as geneiic a task desciiption as possible 

MUSIC composition presents several pioblems when 

targeted as a subject for task analysis three ot which 

are outlined below Similar pioblems are likely to oc-

cur in other creative tasks 

2.2.1 Durat ion 

The process of music composition may take place over 

weeks or more and so lecjuiie the recording of vast 

amounts of data In this reseaich detailed obseivations 

were earned out on relatively shoit compositions while 

others vveie studied peiiodically ovei the duiation ol the 

composition (e g once a week over a few months) In 

both c ises the composeis were questioned legarding any 

intervening work on their compositions and any 

changes made to then plans etc 
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2.2.2 Data Capture 

Given that we were studying composers using a \anet \ 

ot technologies the question ot data capture was a chal-

lenge While composers using computers could be 

lecoided i n \ a n o u s ways such as videos ot displas out-

put or sciipting tools used to auto-save documents pe-

iiodically into different tiles, such techniques were 

tound to be problematic For example, the use ot key-

board combinations rather than pull-down menus in 

applications meant that a display video would not show 

which operation had just been earned out Improved 

computer based capture methods could be designed tor 

tutuie research, but toi geneiic capture these must oper-

ate with a variety ot standaid music applications 

In the event most sessions were recorded by a pre-

mteiview, video ot the composer at work with the task 

observei taking notes and a post-mterview with retro-

spective piotocol Composers not using comput-

Lis/electionics were much less open to being observed 

while composing and this was abandoned tor these 

composers and leplaced by periodic interviews with 

discussion ot artefacts produced, including rough 

sketches/diagrams as well as the music itself 

2.2 .3 D i v e r s i t j 

Music composition is a highly idiosyncratic task that 

vanes not only acioss composers and technologies but 

also lietvvecn individual compositions Moreover the 

final artefact may exist in many toinis e g pnnted 

scoie, digital lecoidmg, set ot computer progiams Mu-

sic composition is often regarded as an 'ill-defined 

pioblem' and geneially opportunistic m nature Given 

tliat wc wanted to be as generic as possible composers 

using different technologies and composing tor ditterent 

scenaiios (tape live pertonners, soloist and live elec-

tionics etc) weie used in the study We then attempted 

to generalise the mtonnation acioss all the tasks in-

volved The use of questionnaires sent to a number of 

compose! s also helped in finding generic terms tor use 

m the model and tor providing rough outlines for how 

other composers (claim they) approach composition 

3 The GTM 

3.1 0 \ e r v i e \ v 

TlKre IS not space here to present the entire GTM, but 
we summarise the mam areas Further details can be 
found in (Polfieman, 1999) and a complete descnption 
in (Polfieman, 1997a) We do not claim this to be a 
single definitive task model for music composition -
the model picsented here is how we have analysed the 

task and others may pioduce very different task descnp-

tions 

In analysing such a cieative and often opportunistic 

task, It was necessary to iidd two important features to 

the goal structuie paitial completion and goal hopping 

Partial completion implies that it is not always neces-

sary for a goal to be entirely satisfied befoie moving on 

to a subsequent goal, i e that partly completing a goal 

can allow partial completion of further goals This 

tvpically takes one of two forms where the goal re-

quires the production of several items and only one or a 

tew aie pioduced. wheie not all specifics of the result 

ire defined, but only some key features or general cate-

gory An example would be deciding one instrument tor 

a piece and wiiting some music for that part befoie 

deciding the rest ot the instiumentation Goal hopping 

indicates that once sufficient conditions aie satisfied foi 

woik to pioceed towaids a goal, the composei may 

lump to that goal at any time, providing that the suffi-

ciency conditions remain satisfied Figure 3 shows a 

netwoik ot the top-level goals of the GTM, with thiee 

mam areas 

Datgn fiamewoik involves the setting out of what 

can be seen as a set of (musical and practical) con-

straints within which the piece will be composed This 

goal can often be the most important part ot the com-

position process while m other cases much of this 

goal IS deteimined with little conscious effort immedi-

ately a vvoik IS begun 

Rcscaich may be necessary before a vvoik can be 

completed It includes many topics that aie typicallv ol 

inteiest to composeis These goals aie not analysed any 

furthei and it would be difficult to do so in a genenc 

way Howevei awareness of these various leseaich .tr-

eas could be useful in pioviding support tools within a 

..omputer based music system In particular, it may be 

useful to incorporate well-known products ot these re-

search areas into sottwaie tools (e g the standard pitch 

ranges of acoustic instruments m a score typesetting 

program, frequency to MIDI pitch charts in a sound 

sv nthesis piogram) 

Pioduce nuait. is the goal of creating the music îiid 

setting It down m an external foim so that it can Ix 

pertonned or tested This goal involves the creation of 

the final dehveiable product ot the composition pioc-

ess Within this goal systems toi generating musical 

m iterial aie activated and methods of manipulation cU'e 

ipplied This goal includes the production of musical 

sketches and lOugh diafts that do not necessaiily foim 

part ot the final artefact In the past this task has usu-

ally been over-emphasised in software tools at the cost 

of leseaich and deugnfuimewoik areas 
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Figure 3 The GTM Top Le\ el Goals Structure 

3.2 Design Framework 

The stalling point is design methodology This in-
volves the lormation ot a plan of action in order to 
caiiy toiwaid the process A plan is essential!) a list ot 
goals to bo completed in a cenain order (with possible 
paiallelism) A minimal plan may consist of onl) one 
taiget goal Plam are likel) to change during the task -
the Lomposei otten returning to this goal Initially, 
tiom dc'tign nietlu>dolog\ the composer mo\es to either 
a icsearcli goal, or to one ot designing geneiation s\s-

tcms, pcijoimante s) stem or luimcal itiiictute 

3.2 .1 Generat ion S) stems 

A i;enc'iation fwtein is a scheme tor pioducing musical 

material at a level above imtninient techniques (defined 

below) Typical geneiation s\steins may include im-

puivising in a particular ke> or using a mathematical 

uile to sclcci notes trom a defined mode or pitch set A 

iieneHitwn system contains two ditterent elements se-

lection piocewes that generate values, and conMiainiy 

that decide how the values aie mapped onto a set ot 

Imusical) cvents/paiameteis A single system may de-

N o t e t h a t t h e t c i m iimsnmnt h e r e i s u s e d i n t h e g e n e r a l m e a n i n g 

o \ t l i c w o n l r a t h e r t l i a n n e t - e s s a r i l v a s t o r m a I ! > d e f i n e d i n c o n s t r a i n t 

huscJ pingr.imniiiig 

termme just one element of musical material, such as 

pitch In this case, other systems are used to decide 

durations, dynamics, etc A piocess may be applied to a 

constiaint, e g to shitt a set ot pitches being used over 

time may also be applied t o e g a 

simple lepeat piucess to a graphical pattern The inter-

action between several simple piocesses and constnunts 

can result m complex musical mateiial 

The processes and constraints being used by com-

posers may be difficult to descnbe computationally and 

vary widely m nature Given the diversity and potential 

complexity of generation systems it is difficult to ana-

lyse the task of creating them in a generic way. For 

example, it a composer is using a system with some 

graphical mapping, the whole range ot image transfor-

mations become possible manipulations, which in 

othei generation systems are not relevant At this level 

it IS bettei to organise systems into ditfeient categories 

and describe their design accoidingly In paiticular intui-

tive and impiovisatory systems need to be investigated 

trom a cognitive musicological standpoint 

3.2.2 P e r f o r m a n c e S) s tems 

A iieifonncince sviteiii is defined as 'a system that given 

a score produces sound' - 'scoie' having a wide mterpre-
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tation. A perfommnce system includes three major 

components: 

Instrument: 'a system of sound production that has an 

associated set of potential sounds'. 

Instrument Technique: 'a method for the production of 

a sub-set of an instrument's potential sounds'. 

Performer: 'an interpreter that reads a score and 

activates instrument techniques'. 

Figure 4 illustrates the relationships in perfonnance 

systems and gives some examples. A composer may 

use various performance systems purely for aid during 

the compositional task rather than for final perfomi-

ance. For example, a score typesetting program and 

MIDI sound module may be used in the composition of 

a work for acoustic instruments. 

S c o r e C M N Nota t ion M I D I Sequence 

P e r f o r m e r Mus ic ian Sequence r 

I 
T e c h n i q u e S t a n d a r d Synthesizer 

I 
B o w i n g 

Ins t rumen t Vio l in 

S o u n d 

Patch and Set t ings 

M I D I Synthesizer 

(+ ampl i f ica t ion) 

Figure 4: Performance Systems and Examples (types of 

corresponding scores also sliown) 

3.2.3 Overal l Format 

'Overall format' refers to the nature of the deliverable 

materials of the composition process - printed scores, 

tapes, signal processor routings, etc. This format is 

usually dependent upon the types of the instruments 

used, if not the actual instruments themselves. A for-

mat itself covers both the physical media upon which 

information is stored and also the information represen-

tation (and rendering thereof) used. Thus, a typical 

printed score/oniiaf might consist of A3 paper, using 

Common Music Notation representation and a st;indard 

Visually Rendered Notation for CMN (Huron. 1992). 

3.2.4 Musica l Structure 

Design muxiccil structure refers to the creation of a 
skeletal (temporal) framework within which the inusi-
cal material produced by generation systems is assem-
bled. This relates to the overall shape of a piece as 

well as internal relationships between material occur-

ring at different locations. The interaction between this 

goal and that of designing generation systems is very 

important - in fact the distinction between the two areas 

can become blurred. For example, processes in genera-

tion systems may be applied recursively to material, 

first defining events, then organising these progres-

sively to form structural hierarchies. We must be clear 

though, that a ;)u/.v/c'a/^fn/cfK/'e can exist independently 

of whether any musical material has been specified or 

not. Here, we define a musical structure to be consti-

tuted from a hierarchy of structural components and 

structural relations. A component is simply a sub-unit 

of a nuisical structure (which may itself contain various 

components and relations), while a relation expresses 

some kind of aesthetic and/or musical link between 

components. A composer may be working with differ-

ent musical structures for the same piece simultane-

ously, each structure looking at the work from different 

musical or aesthetic viewpoints. 

3.2.5 Select Tools 

The tools are any items to be used in the composition 

task - musical instruments, writing implements, refer-

ence materials, software, etc. The idea of partial com-

pletion is important here, since tools are necessaiy for 

use in previous goals - e.g. design generation systems. 

In this case, some decision is made about the type of 

generation system to be used, tools are then selected for 

the design process and then the composer returns to 

design generation systems to complete the actual de-

sign. The select tools goal is placed after these other 

goals since normally some eariier decisions must be 

taken before the tools for the task can be chosen. 

3.3 Produce Music 

The primary goal of design framework is achieved by 
completion of the goals described above. From this 
point the composer can move on to the subgoals of 
produce music, research or return to design methodol-

ogy or any (partially) completed subgoal covered so far. 

3.3.1 Write Chunk 

A chunk in this model is defined as 'a segment of mu-

sical material of arbitrary size, usually (but not always) 

bounded in some musically meaningful way ' . A chunk 

may be purely conceptual in its delineation, rather than 

explicitly set out in the music. Also, a chunk may lie 

assigned temporarily by a composcr to a region of mu-

sic rather than being a significant fixed feature within 

the structural framework of a piece. There are parallels 

between the chunks that make up a piece and the musi-

cal structure of a work, but not necessarily a direct cor-

respondence. A chunk that has been written may real-
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ise u structural component in a work, but may just be a 

part of a component or can be spread across several 

components. A chunk is produced by activating one or 

more gcneralioii syslciii in order to create the material. 

3.3.2 Audit ion Chunk and Modify Chunk 

These are two closeh connected goals. Auditioning is a 

checking mechanism to see if a chunk is correct, i.e. 

meets current musical requirements, and if not, to iden-

tify the precise faults. This can be done via visual (i.e. 

score reading), or aural (i.e. sound playback or aural 

imagination) means, or a combination of the two. 

Since 'current musical requirements' may change at any 

time, chunks are often auditioned repeatedly at different 

times during the composition process. Auditioning can 

also lead to changes in performance systems where the 

fault is identified as being in instrumentation rather 

than in score events. There is generally a complex in-

teraction between writing, auditioning and modifying 

chiinks, with jumps from one to another, jumps be-

tween chunks and sub-clmnks and jumps back to design 

frcuncwork or research goals. .Modifying a chunk gen-

erally involves applying a transformation (including 

delete) or identifying a sub-chunk and modifying that. 

3.3 .3 Format Chunk 

In order to pro\ ide a finished product the goal format 

chunk is undertaken, normally after a final audition of 
the chunk to be formatted (which may be the entire 
piece). In fact, up to this point the music may only 
have existed in the composer's imagination. Formatting 
can involve saving files onto a disk, recording to tape, 
or writing out by hand a fair copy of a drafted score. A 
formatted version is usually auditioned itself in order to 
check for last minute errors. Once all the cluinks that 
form the piece have been fonnatted, then the produce 
music task is completed and the composition is gener-
ally finished, although may be re-worked subsequently. 

4 Prototype Systems 

4.1 Modalys-ER 

.-\lthough the GTM covers a wide range of composition 
tasks, our prototype systems so far have been aimed at 
dealing with .specific problem areas. Building on the 
basis of these prototypes, we aim to build more com-
plete systems in future. Modalys-ER - originally Moda-
lyser (Polfreman, 1997b) - was aimed at dealing with 
sound synthesis, an area traditionally dominated by 
signal processing models that require specific knowl-
edge and skills that many composers do not possess. 
The composer has to specify sound and sound control 
by the manipulation of elements such as signal genera-
tors, filters, envelopes, in order to construct a time 

varying spectrum that matches the desired timbre. By 

using physical modelling algorithms (developed at 

IRCAM, Paris) controlled though a graphical tiser-

inteiface, we developed a system that allows users 

without DSP experience or programming skills to de-

fine their own 'instruments' (using objects such as 

plates, tubes, strings and interactions such as pluck, 

strike, bow) and control these instruments via simple 

time varying graphs. This approach opens up sophisti-

cated sound synthesis to a wide range of potential users. 

The structure of the system is along the lines of the 

task model although a Modalys-ER instrument contains 

both the GTM instrument and the techniques for play-

ing it. Also, the Modalys-ER score may be seen in the 

role of GTM performer since it contains a low level 

specification of technique activation and not high level 

structures. Figure 5 shows a Modalys-ER instrument, 

where the top half contains the instrument 'hardware' 

and the bottom the techniques for playing it. 
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Figure 5: A Virtual Reed Instrument in Modalys-ER. 

Figure 6 shows a Modalys-ER 'score ' . Given the 

processing speed currently (the physical model algo-

rithms do not yet approach real-time) the need so far for 

high level structures within the system is reduced. 

One problem that remains with this system is that 

of instrumental control, i.e. the interface between per-

former and technique elements. Since the user can de-

fine arbitrary instruments with any number of control-

lable parameters it is difficult to produce a simple-to-

use system for expressing these controls in a generic 

way. That is, such that a given score can effectively 

control any instrument in a sensible way. In future 

work we hope to revisit these areas in order to provide a 

more satisfactory solution than in the current system. 

80 

mailto:I74.6l4-I@4.M7


:fH=b:L&qn-:a# 
DWMU. 15 SKJ 
Wchu&c joQO Hj 

I r f i s r f l u b a I l oad | | t t p a r 

l ^ u n t h e s i z e ) 

Eiicilat'on : n., ' * 

Figure 6: A Modalys-ER 'Score' 

Expert systems would be useful for aiding aspects of 

specification and control of instruments, since although 

the general mechanism of physical models is well un-

derstood by many composers, the details of parameter 

setting are not necessarily so. Also, perfoniiance pa-

rameters are not always obvious in their behaviour, 

with interactions such as reeds and bowing particularly 

difficult to control. Modalys-ER runs on Mac OS and 

is available via the IRC AM Software Forum. 

4.2 FrameWorks 

The second prototype, FrameWorks (Polfreman, 2001), 
looks at more general problems of structuring and de-
I'ining musical material, whether this is control data for 
physical or signal models, sound sample data or music 
notation, although FrameWorks itself only handles 
MIDI events. In typical extant systems there is little 
satisfactory support for structural concerns of compos-
ers (beyond the level of bar/measure) or defining musi-
cal relationships between materials at different points in 
a musical work \ This promotes a bottom-up approach 
to composing, while the GTM indicates that top-down 
and bottom-up approaches may be equally important. In 
FrameWorks composers work with a framework of 
componetus (segments of musical material of effec-
tively arbitrary duration) that are interconnected by rela-

tions of various types that establish and maintain user-
detlnable transformations of musical material from one 
component to another. These structures are dynamically 
maintained and so any changes made to material, com-
ponents or relations are instantaneously reflected 
throughout the structure, thus producing a system with 
reduced viscosity as defined earlier. Components can be 
continuously stretched or compressed by the user which 

slows are accelerates the material inside and again these 

changes are propagated throughout the system. The 

components and relations are related to those defined in 

the GTM, although currently having a more limited 

scope. The system allows the composer to experiment 

with relationships and material independently and s/lie 

can in fact define structures and relationships before any 

musical material has been specified. Although currently 

a single level framework this already offers composers 

much that is difficult to achieve within typical music 

applications. In future development we hope to extend 

the framework system to handle hierarchical organisa-

tion and multiple overlayed structures to improve the 

scaleability of the system. One of the interesting fea-

tures of work produced using the system, i.e. composed 

using the framework structure, is that the document 

itself contains a useful analysis of the work which 

could then be studied from a musicological point of 

view, since much of the composer 's understanding of 

the piece is explicitly set out in these structures. 
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Figure 7; A Framework of Components and Relations 

Figure 7 shows a framework implementing an ab-
breviated (i.e. without repeats) version of Steve Reich's 
Clapping Music as a simple example. This piece con-
sists of two parts (to be clapped) based around a simple 
pattern (shown in the component editor in Figure 8). 
One part simply repeats this pattern throughout, while 
the second recursively applies a simple rule that takes 
the first beat of the pattern and places it at the end each 
time, until arriving back at the original pattern again. 
This simple movement of one part against the other 
produces complex shifting rhythmic patterns that de-
velop through the piece with a final return to unison at 
the end. In Figure 8 a simple piano-roll style notation 
is used to specify the original pattern (ta-ta-ta ta-ta ta 
ta-ta) for the source component. 

* Apart rroiH in speciiUis! ulgnrichmic composiiion sysiems. 
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Figure 8: A Component Editor 

Figure 9 shows a rime relation implementing the 

shifting rule. It contains two tune maps, the first of 

which takes the last eleven twelfths and plays them 

first, the second of which takes the first twelfth and 

plays that at the end. 
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Figure 9: A Time Relation Editor 

In the framework, the top left component (darker 
than the rest) is the source pattern which is connected 
to several following components by identity relations, 
thus creating the static part. It is also connected across 
to the adjacent part, here using an 'octave up' relation 
ti) make the two parts more separate. This track then 
applies the 'clapinus' relation successively in order to 
create the moving part. The advantage of the system is 
that once such a framework has been created, it can 
form a template that is very simple to adapt or change 
by altering the source material or redefining relations. 

This prototype also includes a 'workbench' area 
where composers can gather together the products of 
any research they have carried out, including both mu-
sical and non-musical material, but not yet including 
any rese.irch enabling tasks (other than the ability to 
take notes, make diagrams, etc). Figure 10 shows a 
workbench containing several elements, including text, 
a picture, a component and diagrams. Each element has 

a drop-down preview and can be opened to display its 
contents fully and for editing in most cases. 

^ Coin[»on«nU Relationi ^ StnictHres ̂  RcUires A Texts OtagrarpJ 

Figure 10: A 'Workbench' 

FrameWorks is a Java application (1.1.5 or later 

with Swing/JFC) and requires Grame's free MidiShare 

system. It currently operates on MacOS and Windows 

( '95 or later) operating systems, and in future Linux. A 

preview release is freely available from the University 

of Hertfordshire from March 2001. 

5 Conclusions & Further Research 

The GTM was used here in assisting systems develop-

ment, particularly in terms of defining the structure and 

conceptual levels of the user-interface. As prototypes 

develop, the model will be used in checking for absent 

functionality within the area of the GTM that the sys-

tems attempt to cover. Future work may also review 

other computer music systems, using the GTM to set 

out evaluation criteria. 

A key limitation of the current model is the lack of 

secondary goal relations. The fact that composers will 

make various jumps within the structure means that 

many patterns of task performance are not directly cap-

tured in the model itself. This is to say, primary rela-

tionships between goals and subgoals are given, but 

secondary goal relationships are not, e.g. those between 

design musical structure, write chunk and design gen-

eration systems. These secondary relationships aie 

likely to be complex and widely variable, making them 

difficult to encompass within a generalised TKS. Fur-

ther study of composers in the light of the GTM may 

assist in developing our understanding of these relation-

ships and so in representing these in the model. The 

absence of such relations can be detrimental to the 

model's application in user-interface design, since parts 

of an interface conesponding to areas with secondaiy 

relations may be not be traversable in appropriate ways. 
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Further T A studies investigating specific areas not 

suff icient ly well described b) the current G T M will be 

earned out This will include studies involving our 

prototype systems as part of the task-artefact-cycle 

(Cairoll and Rosson, 1992) In particular, the separa-

tion of stiucture and material in FrameWorks may be 

useful in analysing these elements more independently, 

while also indicating the nature of the relationships 

between them FrameWorks itself is only a proof of 

concept system in its current fo im and we hope to de-

velop these ideas much further With respect to higher 

level stiuctures, we aie exploring the use of 3D user-

inteiface technologies for effective representation of 

complex hierarchical frameworks Provision of support 

systems foi vaiious generation systems at the lowest 

l e \e l of the stiucture will also be investigated, together 

with potential automated derivation of relations through 

Lompaiisons between components PerfoiTning analysis 

of extant music works using FrameWorks is another 

possibili ty at a point where the system has become 

moie sophisticated 

It IS hoped that the GTM provides a useful contn-

bution to the understanding of the complex task of mu-

sic composi t ion and may be explored further by re-

searchers in aieas othei than user-interface design By 

pioviding a structured analysis of music composit ion 

into specific goals and subgoals, the model could pro-

\ ide a basic framework for expert systems design where 

ceitain goals may be anaKsed further and applicable 

lilies developed tor their automatic completion by the 

s) stem 
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