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Introduction

As our knowledge of sound synthesis grows, it
becomes increasingly apparent that no single
synthesis strategy can create the wide range of musi-
cal timbres desired by composers. Similarly, as we
gain experience creating compositional interfaces to
synthesis programs, it becomes clear that no single
musical input language or user interiace can ade-
quately accommodate a wide range of composi-
tional styles and intentions. Thus, the attempt

to satisfy these musical demands with a single
general-purpose synthesis language fails not only
because such programs cannot meet the increasing
needs of today’s composer, but because they sacri-
fice efficiency and power for breadth and generality.
The need for new strategies becomes obvious when
one considers that notions about synthesis and
compositional interfaces keep changing year by
year and that a great deal of software is constantly
discarded.

Synthesis Programs
Traditional Synthesis Environments

Since the earliest attempts at waveform synthesis
by computer, composers and researchers have de-
vised a large family of algorithms for generating and
modifying musical sound. While each specific al-
gorithm is useful and efficient at producing a par-
ticular class of timbre, no one synthesis algorithm
is capable of creating the widest range of timbres.
Indeed, there is good reason to believe that a totally
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A Modular Environment
for Sound Synthesis and
Composition

general approach to timbral synthesis is not teasible
at all. While each synthesis algorithm presents the
composer with a different set of patential attributes
to be exploited compositionally, a general approach
to the compositional treatment of timbre seems
equally unlikely.

The traditional software environment for sound
synthesis centers on a single large program to which
the composer supplies both instrument definitions
(synthesis algorithms} and scores {synthesis param-
eters through time}. While these programs have
been successfully used by many composers, their
usefulness is quickly diminishing as new and more
complex algorithms are devised for synthesis and
processing. For example, monolithic synthesis pro-
grams are awkward in interactive contexts. This is
especially evident in processing prerecorded sound
samples and data supplied by analysis methods. In
addition, they offer no potential strategy for bridg-
ing the gap between real-time and non-real-time
synthesis.

Monolithic synthesis programs suffer not only in
conceptual terms but in practical terms as weil.
Even in software synthesis, the need to execute dif-
ferent algorithms together often forces inappropri-
ate organization on some algorithms. For instance,
the sample-by-sample orientation of some programs
is inappropriate to block-oriented processes like
convolution by the fast Fourier transform {FFT).
Likewise, the efficiency of an algorithm like Kar-
plus-Strong {Karplus and Strong 1983) is virtually
destroyed when the working values of pointers and
past samples have to be saved and restored upon
every return and exit to the algorithm. Although
synthesis programs can expand to include every
new synthesis algorithm, the task of maintaining a
single program so large as to incorporate all of these
things is extremely difficult. Prototyping new syn-
thesis algorithms will involve recompiling large

Computer Music fournal



PSRRI CHEVIBAUUCIP WP PN

sections of code and necessitates familiarity with
the structure of the whole program. As the program
gets bigger, fixing bugs becomes more and more dif-
fcult. The author of a large program will probably
be reluctant to go “back to the drawing board” when
design problems do not become apparent until the
program has been in actual use.

A related problem is that general-purpose score
languages are at the same time too general and not
general enough. The format of the score is often too
general in that it forces the composer to encode one
style of music {say, a traditional score in common
practice notation) in a language which is intended
to allow as many musical styles as possible. The
problem is particularly apparent in the case of the
beginner who is forced to learn an entirely general
language just to do one simple musical task. This
same language, however, is often not general enough
to support all possible musical styles in a reason-
ably effective way, or, for instance, to allow the user
both sonic and structural representations within
the given score. Because these score languages pro-
vide the only standard for musical representation
and yet are very inadeguate to the task, synthesis
environments generally contain very little software
that is related to composition and the manipulation
of musical materials. What little software there is
tends to get thrown away after being used for one
composition.

A Modular Synthesis Environment

Our approach to solving these problems has been
to develop a highly modular software environment
for sound synthesis within the constraints of the
UNIX ' operating system {Decker and Kendall 1984,
Instead of providing composers with a single synthe-
sis program, we have provided an environment that
supports a collection of single-purpose synthesis
programs, each designed to execute a specific syn-
thesis or signal-processing task. This concept was
influenced by the CARL software package {Moore
1982), especially the modular signai-processing
tools which, in our experience, are the most suc-

1. UNIX is a trademark of Bell Laborazonies.

cessful part of the package. Working within this en-
vironment is conceptually different from working
with traditional synthesis programs in that the
composer is not testricted to synthesizing all the
component sounds in a composition at the same
time. A composer can interactively create short sec-
tions, experiment with post-processing and rely on
mixing and editing to assemble the final version of
the composition.

There are a number of practical advantages to
providing such an environment:

1. Synthesis routines and composition tools
can exist as independent programs imple-
mented in the manner that is most efficient
and appropriate to the task.

2. Because synthesis and composition pro-
grams are not bundled together in large
packages, the repertoire of programs can
grow gracefully through the addition of
new synthesis algorithms or new composi-
tion tools.

3. Composition programs are independent of
the particular synthesis algorithms and also
independent of whether the synthesis is
performed by hardware or software. Thus, it
is possible to provide a unified approach teo
real-time and non-real-time activities.

4. Individual composers with unique needs
can customize the environment by adding
their own programs, but they need not
create their composition software entirely
from scratch.

5. Special categories of users (for instance,
beginners in sound synthesis| can be given
software environments with user interfaces
and synthesis programs that are tailored to
their needs and capabilities.

6. It is possible to substitute new hardware for
synthesis programs or for compositional
input routines. This allows new hardware
devices to be integrated easily into the soft-
ware envirorunent.

Within our environment, each synthesis algo-
rithm and signal-processing technique is captured
in a standalone program. Such programs exist for ad-
ditive synthesis, simple frequency modulation (FM],

.
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Fig. 1. Example of syn.
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Karplus-Strong, digital filtering, reverberation, and
so forth. These programs can easily be connected in
series by a UNIX facility called a pipe. When UNIX
programs are “piped” together, they are executed
concurrently with data output from the first being
sent to the input of the second, the second to the
third, and so on. Thus, the output of a frequency
modulation program can be sent to a filter and the
output of that sent to a reverberator simply by pip-
ing these programs together. UNIX also provides a
facility for branching a single stream of data into
multiple streams, and conversely, for combining
multiple streams into one stream. Although pipes
are slower than traditional synthesis programs at
passing data from one processing unit to another,
we believe that the flexibility of pipes more than
compensates far any loss of speed (see Moore 1981),
Pipes allow composers to experiment quickly with
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different combinations of synthesis modules and
enable them to achieve compositional goals more
quickly. The most frequently used signal-processing
and synthesis combinations are eventually imple-
mented as single programs.

Providing a Data Format for Modular Synthesis

A central feature of our modular software environ-
ment is'the setting of standards to ensure that all
compositional programs can communijcate among
themselves and with synthesis programs. The prin-
cipal standard within our environment is the data
structure for the representation of scores or other
time-oriented information called event lists {Decker
and Kendall 1985). Event-lists generalize and broaden
the concept of a score to include any temporally or-
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ganized events, which are characterized by a list of
attributes, including such diverse items as MIDI
notes for a synthesizer, mixing commands, or direc-

tives to compositional programs. The data structure

is adaptable to such a wide range of time-oriented
tasks because it imposes no assumptions on the for-
mat of the data and because it is ““self-descriptive.”
Each type of event referenced within an event-list
is described by a field-descriptor that is included
as part of the event-list. For example, when a
composer requests a MIDI-controlled synthesizer
to perform an event-list score that contains only
events for software synthesis, the MIDI software is
able to use the information contained in the feld-
descriptor to decode the events and produce the
best performance it can manage. Field-descriptors
help insure that mature software can recognize and
manage new types of event-list data as they develop.

Another important characteristic of the event-list
format is that it permits many different kinds of
events to be intermixed. A composer can maintain
a single unified score that combines compositional
procedures, synthesis parameters, and mixing infor-
mation. Each field-descriptor contains the name of
the program for which its particular type of event
is intended; a given synthesis program will most
likely ignors events that are not intended for it. In
general, when the synthesis programs are executed,
the events that are intended for each specific pro-
gram are directed to it alone. The samples generated
by each program can either be summed together into
one soundfile, or may be stored as individual sound-
files to be edited and mixed at a later time. The
original event-list may itself contain the mixing
commands.

A block diagram of typical interconnections be-
tween programs is shown in Fig. 1. An event-list
editor is being used to create a score that references
a number of synthesis modules. To realize this score,
the editor separates the event-list into three streams:
one going to an FM synthesis program whose out-
put is then “piped” through a reverberator program,
one going to a Karplus-Strong algorithm, and the
third going to a phase-vocoder resynthesis program,
The stream of samples from each synthesis pro-
gram is stored in a separate scundfile and will be
combined later using an event-list driven sound-

file mixing program. The phase vocoder program

is a good example of how easy it is to Integrate
programs written at other facilities into the event-
list environment. The pvoc program (Dolson 1983}
written at the Computer Audio Research Labora-
tory JCARL) at the University of California, San
Diego has been integrated into this environment by
the addirion of a program which translates event-list
data into ASCII commands to the phase vocoder.

Programming for Software Synthesis

The programming of standalone synthesis modules
is supported by inslib [Freed 1986). inslib provides
a traditional framework for building synthesis in-
struments from a collection of unit generators. An
inslib “instrument” will read an event-list from its
input and will generate digital samples of sound.
The inslib package consists of a library of routines
written in the C programming language that can
be used in whole or in part to program synthesis
algorithms. inslib provides a main routine that in-
terprets the event-list inpus, starts and stops notes
{allowing for arbitrary numbers of simultaneous
notes), maintains space for variables, and performs
all other generic aspects of synthesis, The user pro-
vides a set of C routines that call upon unit genera-
tors to synthesize a single note. The events are gen-
erated in time-sequential order, so that the output
can be piped into a soundfile or a signal-processing
program.

inslib instruments have several advantages over
interpreted instrument definitions such as those
found in general-purpose synthesis programs like
Cmusic (Moore 1982}, Because instruments ase
written in a full-fledged programming language, the
user can easily mix code written in C with calls to
inslib’s library of unit generators. Compiled instru-
ments are more efficient, and since instruments are
written to perform only one specific algorithm, it is
possible to optimize both execution time and mem-
ory space. Once the instrument is programmed and
debugged it is extremely efficient, but creating the
instrument will require more time and knowledge
from the user than writing an interpreted instru-
ment definition in Cmusic.
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Fig. 2. Event-list
organization.
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The Event-List Data Format

Each event-list contains three types of structures,
which are organized as shown in Fig. 2. The header
structure (Fig. 3a] contains the general attributes of
the list, including the number of field-descriptors
and events that are in the list, a list of the programs
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Fig. 3. Event-list struc-
tures for headers, field-
descriptors, and events.

(a) Header

number of field-descriptors
number of events

number of groups

list of groups

number of destinations

list of destinations

time base {in beats/sec)
total duration (in beats}
comment feld

{b) Field-descriptor

name
polnter to destination
number of parameter-felds
list of parameter-fields
label
data type
unsigned byte
or integer
or floating point
or character string

{c) Event

starting time (i beats|
durarion {optional, in beats)
pointer to field-descriptor
membership list (set of groups)
data for each parameter-field

needed to execute this event-list, and a list of user-
defined group names to which events in the list can
belong. When loaded into memory, the header also
contains pointers to a linked-list of field-descriptor
structures and to a linked-list of event structures.
The field-descriptor structure (Fig. 3b} is a tem-
plate that defines a specific type of event and the
format of the data for that event. Data for each event
is contained in one or more fields, each field being
one of four data types: a byte, an integer, a floating
point number, or a character string. For each spe-
cific type of event, the field-descriptor contains the
name of the type of event, the number of fields, the
data type for each field, and a label that describes
the function or purpose of each feld. The field-
descriptor also contains the possible “/destinations”
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Fig. 4. Yamaha DX7 feld-
descriptors (g} and event-
Hst /b

|a) Field-descriptors

{b} Events-list

000 3.00 mt 65 75

000 0.00 mv 1 tub bells
0.00 000 mv 2 voices

050 050 mn 1 D#-1] 60
100 400 mn 2 All} 80
1.00 400 mn 2 Csli 80
1.00 0.66 ma 1 E{0 68
1.67 066 mn 1 Ci0J 65
2.33 0.66 mn 1 B0} 63
3.00 700 mn 2 BbiO] a5
300 700 mn 2 DO 95
300 050 mn 1 Df{—-1) 60
300 050 mn 1 FEOQ &7

Starting-time Duration Name Parameter-fields

m_chanygenen  PitChstaing velocity usicnen

mn (MIDI note} will play the pitch with the specified key velocity

m_chanugensp  ¥0ICE_RaMesrync

myv [MIDI voice) will load the specified voice to all the instruments

stime dur mn

on MIDI channel m_chan at stime for dur beats.
stime dur mv

on MIDI channel m_chan at stime.
stime dur mt

st_valuscnen end_valngicnen

mt [MIDI tempo} will set the tempo to st_val av stime, If dur is non-zero,
then an accelerando {decelerando), from st_val 1o end_va. is performed.

of this particular type of event, that is, the names of
synthesis modules to which this type of event can
be routed.

The principal part of the event-list is the list
of events {Fig. 3c). Each event has a starting time,
an optional duration, and a pointer to the field-
descriptor that describes the format of the event.
The data for the event is a list of fields, which each
contain the type of data specified by the field-
descriptor. Nothing is presupposed about the scope
or contents of a type of event, other than that it has
a discrete starting point in time, and that it follows
the form prescribed by the field-descriptor. Anevent
also contains a membership list for the groups listed
in the header. Each event may belong to an arbi-

trary number of groups. The user usually assigns
events to a group when those events are created or
when those events are selected for manipulation.

We have chosen this very simple grouping mecha-
nism over other methods of organization because it
makes the minimum number of assumptions about
the information stored within the event-list. In par-
ticular, we have avoided explicitly hierarchical
groupings within event-lists. Hierarchical opera-
tions can still be performed on the event-list by
intermediate programs that interpret the groups in
a hierarchical fashion.

A field-descriptor is typically developed for a spe-
cific piece of synthesis software or hardware. Figure
4 shows a representation of the field-descriptors for’
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the Yamaha DX7 followed by a list of events. Once
the field-descriptor has been created, it can be
added to a library of field-descriptors. Individual or
multiple libraries can be loaded by any program
that manipulates events. For example, we have
established field-descriptor libraries for our most
commonly used forms of synthesis including the
Yamaha DX7 and TX816 under MIDI control and
the various software synthesis and soundfile mixing
modules written with the inslib package.

For anyone wishing to manipulate event-lists
within their own programs, a library of routines
supports both sequential read/write and memory-
buffered linked-list manipulations. The sequential
access routines are used for programs that process
ane event at a time {for example, most synthesis
modules!, and the linked-list routines are used for
programs manipulating an entire event-list {for ex-
ample, an editing programj. It is important to be
able to convert data in event-list format to and from
a simple character representation both for debug-
ging purposes and for users who wish to write
simple character-oriented C programs. These con-
versions are supported by both routines written In
C and by standalone programs.

The eled Editor

The manipulation of event-lists is performed with
an event-list editor called eled {Decker and Kendall
1985). We decided to design a single editor that could
be tailored to the requirements of many specific
applications because of the numerous advantages
provided by a unified editing environment. First, an
editor that adapts to different contexts reduces the
amount of software effort required to support a
wide range of applications. Second, a single editor
provides the user with a unified approach to a vari-
ety of common tasks that might otherwise each
require a unique orientation. Finally, because the
event-list format is applicable to both real-time and
non-real-time operations, one common editor gives
the user a single entry-point into both hardware and
software synthesis, allowing for the graceful move-
ment from non-real-time to real-time activities.
Considering the wide range of applications to
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which event-lists are applied, there are numerous
issues that a multipurpose event-list editor must
address that are not common to single-purpose edi-
tors. First, the choice of how to represent events to
the user should be dependesit on the nature of the
application and the user’s particular approach to the
application. For example, the graphic representation
of mixing scripts must be entirely different from
that of musical scores. Second, the set of editing
commands itself shouid be also dependent on the
nature of the events and the intentions of the user.
Even in the case of musical scores, editing com-
mands must be tailored to different compositional
approaches and to the composer’s own notion of

the structure of the music. Third, the need for inter-
active auditioning of the material being edited is
important to many applications and crucial to some
{soundfile mixing, for example]. The editor must be
able to invoke any of the potentially numerous real-
tirne programs which might be able to “perform”
the event-list. If the material is unrealizable in real-
time, the editor should be able to start software
synthesis programs to generate a soundfile that the
user can listen to later. Last, the editor must pro-
vide the user with a variety of means for selecting
and grouping events based on the structural features
of the material being edited. The means of selecting
and grouping events must be useful in a broad range
of contexts and not impose a restrictive strategy on
the user.

Design Considerations

Given our experience with a modular synthesis
environment that makes extensive use of inter-
process communication, we designed eled to rely
on a variety of external programs. By itself, eled sup-
ports only a basic facility for ASCII editing. Events
and feld-descriptors are represented to the user as
simple lines of text. The editor implements only a
handful of terse commands, including commands
for adding, deleting, modifying, playing, and record-
ing events. Generally, the user invokes eled with
one of a variety of external programs that provide
alternative representations of event-lists. This ex-
ternal program becomes a filter that can map events
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Fig. 6. Using an external
commmand within eled to
modify an event-list.

Fig. 5. Using eled with in-
put and output filters to
modify the user’s editing
egnvironment.

User ' , User
T Graphic or ASCI
l | input and outpur
Input Cutput Input/
filter filter output
" filter
ASCI commands
and events
eled eled
Event-list Event-list
file being file being
edited edited
Fig. 6
supplied by eled into the chosen representation and User
return changes made within this representation
back to eled. Figure 5 shows two ways in which in- I
put and output filters can be coupled with the eled
editor. Within the framework of a multiple-window
graphic workstation, it is possible to provide mul- Input/output
tiple representations of an event-list simultane- flter
ously. This is particularly useful in score editing, 3
for example, when a graphic representation displays )
pitch and duration and an ASCII representation dis- . ASCII or evenc-list out
plays other synthesis parameters. &
The eled editor uses a similarly modular ap-
proach in providing extended editing commands. eled Program
The user can invoke eled with commands that it
transparently filters through external programs. Fig- ]
ure 6 shows a block diagram of eled passing events T ASCH or event-list back
to and from an external program in response to a
user command. This capability enables the user to £ .
employ various external programs to implement ﬁ¥:n§i:;
commands exactly as if the commands were a natu- edited

1al part of the editor. Users can easily create new
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Fig. 7. Examples of elex
syntax.

Example operators and functions

x Logical negation of x.
num x TRUE if x is a number.
null 4 TRUE if ¢ is a zero-length string.
frac x The fragrional part of x.
sin X Sine of x radians.
cls a The pitch class of a.
Xory Logical or.
x == Logical equality.
a+ b “The concatenation of b onto a.
mln A random integer from m to n.
x deg Converts x from degrees to radians.
x db Value of x in decibels.
Event values
st Starting time {in beats).
dur Duration {in beats}.
fdn Field-descriptor naime.
po value of the nth parameter-field.
p'a’ Value of the parameter-field labeled a.

Event constraint functions

fla’ TRUE if the fleld-descriptor name is a.
m'a’ TRUE if the event is a member of group a.
Epa’ TRUE if the event has a parameter-field

labeled a.
Constraint expression examples

{dur >= 5.0 and pl == 3]
Only events with a duration of 5 beats or
more and a value of 3 in the first
parameter-ﬁeld.

ifrac(st)! = Q and p'velocity’ > 42}
Cnly events thatarenoton a beat and

which have a key velocity greater than 42.

(f'mn’ and cis p'pitch’ == ¢ls'c’ and p’'m_chan’ == 3]
Only events of type mn (MIDI note}
which play a C (any octave} on MIDI
channel 3.

commands by writing their own “editing” pro-
grams and groups of these programs can be bundied
together to serve as “command sets” for specific
applications. The problem of auditioning the event-
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list is handled easily in the same manner by imple-
menting the play command as an external program
that receives an event-list to perform. We have im-
plemented our record and overdub commands by
means of an external program that simultaneously
plays the given score and reads new events pex-
formed on a MIDI keyboard. The technical means
for playing the score can transparently change from
one application to the next, and other hardware in-
put devices [either real-time or non-real-time} can
be incorporated in a similar manner.

Selection of Events

gled makes use of a general purpose expression
evaluation routine called elex (Ludwig 1985] for
selecting events and modifying the contents of data
fields within events. elex provides for the logical and
arithmetic evaluation of expressions, and contains
useful postoperators and string-matching routines.
By adding variables that substitute the starting time,
duration, feld-descriptor type, group list, or the
value for any given parameter field into these ex-
pressions, event selection can combine any number
of conditional expressions invelving any of these
parameters. The editor allows the user to select a
group of events by evaluating this logical expression
for each event within a time window in the score
with each event's starting time, duration, etc. sub-
stituted for any variables that appear in the expres-
sion. If the result is a logical FALSE, the event fails
the constraint expression and no action is performed
on it. Figure 7 shows a few of the operators sup-
ported by the elex program, the variables associated
with event parameters, and a few examples of con-
straint expressions.

The use of elex as a means of selecting events
provides more advantages than disadvantages. First,
it supplies a means of “sieving” events through a
number of criteria based on any given parameter
of the events. In practice, it is more flexible than
simply passing events through sieves as it allows
for arbitrary AND and OR expressions to be con-
structed. Second, the ability to use string matching,
arithmetic and relational expressions, and a host of
other operators improves the flexibility of our sieve
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hand column contamns
descriptions of the editing

Fig. 8. Example of eled
session. The user input is

it boldface und eled out- session.
put is in roman. The right-
+ t # the iype command. ' 57 [p mochun’ me 3] {rpts 3 4) Repaas the mudi-ooie rvcnte beimwees
1334 100 ok 85 5 Type the entire ewend-bisl doas bests | sad 1 oo chasoel two with three
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Q.00 0.00 mr k3 voices starviag 4 baate after the previoss
2.5 .36 ETY 1 Del-1} = New cpents are maried below wizh 3 o
100 0 ma K Sd1) o L Typt the enlice cvend-iist.
1.87 084 ma H cioy 45 200 100 - 58 7
23 g = 1 B - 088  2m@ mr 1 cub_bels
e T wme 1 B9 0B om  my % voee
doae 03 00 ma 1 ALD )
2.34 d @ the delete ommand. 100 499 oo 1 Gl M {onpnal)
doat Deltte the cwenid betweea benia T and 3. £5T .06 oo 1 G{g) 53
. a m 1he edd command, 150 400 ma 1 G2l 95w jengmall
250 400 ma 3 GH3I} 95 Add new coenis to the event-lint o o ome ) E{::) w o
aso  ofo =i 1 B(2) a0 630 4‘!1) . ana
. " @ 3 ) W@ -
. The °.' termitiates Lhe add commanl ppns oo n M Ct) s "
doun 8% 4®m ma f Gl B -
0.5,54[p" velocity' e 85] Trypt the crenls rm;n h:u ;).5 w dowe
1§ 4 4.00 ma 7 Cail) L ] sha wad of the lot ($) chat hare . i
a7 0.39 ma H [»4i]) a8 Ry valocity 2 &5 L4 lay the eatire cvendfist
150 4.00 ma 2 G2} PL] dons
daae B mE ar poe_chen' e 3} Play only chaaned 2.
187 e{p w_shaa’ = we L] {p velocity’ —= 1a} « i the soslunte expresmion command. dowr
doze Reduce by 10 the {key) velomuy of a Attempt Lo quis.
the muli-aoke ewend o chasied § a2 M Frror ~ Casnot 2xiv sird whes She
bast LBT, by eraiusting the eapres svend-lirt haa been modified but not
son withia the paraariiises. asved, Either writs the sveni-fist {w]
r{t*mn’ aad p'm_chan' mee 1} (trans 8) v i the fElfer/ replacs commund, ar qui withoud wniwg iql)
doge Filtars the seiectad cwents though aa w{oew.al) Write he fils new.el
exsernad program speaifisd within the doas
paceshoes o thin case. the program -
“yrypa' wiil tranapose alt the medi- 4 Quit
noke eveni# on channel 1 4p ux semr
Lonss.
t{F' mn’ and p'o_than’ mow L] “Type ail the midisote events
250 0.30 mn 1 Af-1) &3 om chapnel |
18T 048 ma 1 any) 55
350 070 ma L F@) w0
doae

scheme even further. Third, because elex is an inde-
pendent program, improvements to elex can be
made without interfering with eled. On the nega-
tive side, the syntax of elex is certainly not the
most straightforward means of specifying musical
groupings. It is likely to be more meaningful and
intuitive to a mathematician than to a musician.
However, the user may never use these expressions
if the actual selection of events is performed with
the aid of an external program. For example, if the
events are selected graphically, the actual constraint
expression will be constructed by this external pro-
gram rather than by the user. Generality has been
favored over ease of syntax for this reason.

eled Examples

Figure 8 illustrates a simple editing session using
eled without either an input or an output filter.
Each command is a single letter, which is preceded
by an optional starting and ending time. These times

can be used to limit the events affected by the com-
mand to those between the specified times. The
left-hand column of Fig. 8 represents the dialogue
between the user and the editor, the righe-hand
column contains a brief explanation of each com-
mand. The event types themselves are from a fHeld-
descriptor library of events for controlling 2 Yamaha
TX816 and a number of Yamaha DX7 synthesizers
in real time using a MIDI interface. The example
shows the syntax for typing, deleting, and adding
events. Also, two external commands are shown:
trans, which transposes MIDI events by the num-
ber of semitones it is given as an argument; and
pts, which repeats the events it receives the num-
ber of times and at the interval given to it as argu-
ments. Note that in the second use of the 1 com-
mand (which stands for “replace”] the events are
sent through two UNIX programs piped together

in series. On our current system, even with large
scores, the entire execution of an external com-
mand such as these takes, at most, a couple of
seconds.
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Users have developed a large number of external
programs for editing these MIDI events. Examples
of these programs include the transposc and rpts
programs shown, programs which rhythmically
quantize events entered at a keyboard {or vice versa
add 1/f noise random jitter to starting times, du-
rations, or key velocities), various algorithmic
composition routines {typically written for a spe-
cific composition|, and filters for mapping psycho-
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acoustically scaled amplitude information into key
velocities (Martens 1985}

In Fig. 9 the same event-list score 1s displayed
simultaneously in both a piano roll and a character
representation. In this example, the piano roll nota-
tion is created by an output filter that takes the
ASCII representation used by eled and converts it
into a graphic representation. Since the two repre-
sentations are really of the same event-list, a change
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made to one representation will be reflected imme-
diately in the other, enabling the user to flip back
and forth, depending on the need of the moment.

Real-time Synthesis with eled

One set of external programs developed for eled
performs real-time recording and playback with
MIDI-controlled devices. When configured with
these programs, eled becomes a real-time, inter-
active MIDI score editor with playback, recording,
and overdubbing capabilities. The external programs
either perform an event-list provided by eled or te-
cord notes performed on a MIDI device as input to
eled. For example, when a composer is perform-
ing on a MIDI keyboard to “overdub” a preexisting
score, the hardware synthesis device, a Yamaha
DX7, must perform the “overdubbed” notes while

eled starts the performance of the original score.
The overdubbed notes are transmitted back to eled
and merged into the original score.

Figure 10 shows a typical software patch estab-
lished by eled for real-time synthesis. The synthesis
modules are all hardware devices. Because UNIX
does not support real-time processing at the user
level, each hardware device is accessed through a
system-level device-driver. Synchronization of the
real-time synthesis devices is performed by the
sync pseudo-device-driver, which also passes real-
time messages from the user-level program to the
synthesis device-driver [Schmidt and Roth 1985).
The sync module is designed to allow ail of the
synthesis and playback to be synchronized by ex-
ternal MIDI signals from MIDI musical devices
and/or external SMPTE (Society of Motion Picture
and Television Engineers) time-code signals from
SMPTE-encoded video.

Additions to the eled Environment

As a computer music program like eled becomes
more complex and sophisticated, there is a corre-
sponding increase in the amount of expertise re-
quired to use it effectively. The combination of eled
and elex provide a versatile but complex "language”
for the selection and modification of information
within a musical score. However, this language is
not immediately accessible to a musician with
little to no training in Boolean mathematics or pro-
gramming languages. As a result, a beginning com-
puter musician must spend a great deal of time
learning the system rather than making music.

Many of the activities undertaken by the user
with eled are fundamentally selection tasks that are
best communicated by using the mouse to select
menu options or notes in a score. These methods of
communication can best be handled by the pro-
grams external to eled, which implement either
specific command sets or specific representations of
event-lists. But even when these methods of selec-
tion are available, a user's intentions often involve
different kinds of manipulations than can be com-
municated by pointing.
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One addition to the eled environment i$ a Macro
substitution facility with a set of definitions that
substitutes macros for common expressions used
in editing scores. The macro preprocessor, elmac
(Schmidt 1985}, has become a popular “front end”
to eled; it captures the user’s commands and ex-
pands macros before the revised command is sent
to eled. For nearly a year, students have been using
elmac in combination with eled without being told
of its existence and without having to learn the full
range of expression syntax interpreted by eled and
elex. They have been able to perform complex
score-editing tasks with “high-level” commands
that they understand to be part of eled itself. For
example, students have been able to add and delete
notes, transpose motives, and create canons after an
hour-long introduction to eled. We have gradually
been able to expand the repertoire of macro defi-
nitions as users have creatively expanded their
notions of how to use eled. This facility for high-
level editing combined with real-time playback
over MIDI-based synthesizers has provided an
excelient entry-level environment for students as
well as a very flexible environment for experienced
COMpPOSErs.

No matter how successful elmac has been at
enabling users to communicate and work in a more
intuitive fashion, it has also served to point out
the limitations of macro substitution in dealing
with the complexities of editing and manipulating
music. What is needed is an interface that under-
stands the requests of the musician directly in a lan-
guage that is familiar, namely a natural language.
Thus, a musician should be able to say “Transpose
the second half of the bass line up a minor third,”
instead of having to first translate his idea into a less
intuitive representation.

Our second addition to the eled environment is 2
natural language system for musical applications
being written in Franz Lisp {Schmide 1986). It takes
typed natural language input and creates appropri-
ate eled commands for the access and manipulation
of musical structures. Its function is to read user
input and verify that it is syntactically and seman-
tically correct in the context of score editing. The
system then writes and executes a program based
on the analyzed inpur. For example, for the request,
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“play the first 10 beats of the flute and bass,” the
verb “play” carries a specific semantic meaning for
eled. “The first 10 beats” creates a time constraint
and “of the flute and bass’ creates an instrument
constraint. Ultimately the program creates the de-
sired eled command line and sends it to the score
editor. Contextual information is retained during
the use of the system. This allows users to specify
their requests in a continuing dialogue. For ex-
ample, the request “add the bass” following “play
the piano part” would play the bass and piano.

Conclusion

Our concept of a modular synthesis environment
evolved out of many practical concerns. Not the
least of these was that it would be implemented
within UNIX. We were concerned that real-time and
non-real-time synthesis programs would develop
without any clear coordination, and that each new
piece of synthesis hardware would induce a major
programming change. It seems that the rapid ad-
vance of hardware has forced us to adapt to being in
a state of constant change and to design our soft-
ware environment with the few stable standards we
can ensure. Event-lists provide a standard format for
communication among programs that may con-
stantly change. Just the fact that this standard
exists allows us to pursue compositional software
like the eled editor as part of a long-term plan.
Without such planning, compositional software is
the first component in a computer music system to
become ohsolete.

The eled program has been developed over the
last two vears and has now stabilized in a mature
form. While there is a certain loss of efficiency
whenever external programs are used extensively, it
is made up for by the extreme flexibility of the edi-
tor. Already, several uses of eled have arisen out of
user-written external filters and commands that
were unanticipated by the authors. In particular,
real-time MIDI playback from the editor has moti-
vated users to expand the range of compositional
manipulations undertaken directly within eled.
The amount of real-time musical exploration is far
greater than we would have thought possible within

Computer Music Journal



a timesharing operating system. Now that most of
the work has been done in establishing the core edi-
ting routine, we anticipate that much of our energy
will be devoted to designing a number of menu-
driven graphic editors, using input and output pro-
grams and external command sets, for a wide range
of applications. Many of the new programs will be
written in Franz Lisp.
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