
T h i s  a r t i c l e
d i s c u s s e s  a n d  e v a l u a t e s  

t h e  d e s i g n  
a n d

i m p l e m e n t a t i o n  
o f  

s y n t h e s i s e r  
c o n t r o l  a n d  

p e r f o r m a n c e  
i n t e r f a c e s .

B y  P a u l  H a z e l  1 9 9 2

r Paul  Hazel  1999

   I N T E R FA C E  D E S I G N  &  
D E V E L O P M E N T

S Y N T H E S I S E R S



S y n t h e s i s e r s :  I n t e r f a c e  D e s i g n  -  P a g e  2 B A C K T O C O N T E N T S

Authors Note   This art ic le dates from 1992.  A lot  has changed
since then.  In part icular,  many of  the problems with
synthesizers discussed  here have been at  least  part ial ly
addressed.  In recent  years there have been a range of  new
synths with 'strong'  operat ing systems and a high degree of
control  (both in terms of   the front  panel  and via MIDI
cont inuous control lers) .

However the discussions of  interface design i tsel f ,  and the
extensive overview of  the history of  the synthesizer [ that  is ,
95% of  the art ic le]  remain accurate and relevant .  Enjoy!
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1:  Enter  There is  a common percept ion that  there is  something
wrong with synthesizer interfaces.  Synthesizers have
become di ff icul t  and t ime consuming to use,  to  the extent
that  a lot  of  people have just  given up on them. They never
attempt to program new sounds or in any way delve into the
inner workings of  the machine,  skimming across the surface
of  the 'cyberspace'  within.  I f  they want new sounds they buy
them on RAM cards or CD-ROM's,  or  maybe just  buy a new
synthesizer!

Rather naively,  I  in i t ial ly  took this problem to be simply a
funct ion of  the control  panel :  certainly  on some synthesizers
this may be a signi f icant  factor.  I  soon real ised that  in order
to come to any sat isfactory conclusions about  the musician-
machine interface,  the whole phi losophy behind
contemporary synthesizer design would have to be looked at .
This project  is  consequently  div ided into three main parts.
The f irst  part  looks at  the interface in i ts  broadest  sense,
and includes discussions on cognit ive psychology,  sof tware
design principles,  and the physical  interface i tsel f :  the
control  panel .  Within this sect ion there is  also a brief  look at
manuals,  and i t  is  considered here that  they are in fact  part
of  the interface between man and machine.  The second part
looks at  the design and development of  synthesizers and
synthesis techniques from the beginning of  the century,  and
the third fol lows on,  taking as i ts  start ing point  the
introduct ion of  al l-digi tal  synthesizers and MIDI .

Throughout,  d iscussion wil l  centre around two keynote
papers.  The f irst  is  by Barry Truax (1980) ,  and is  cal led 'The
Inverse Relat ion Between General i ty  and Strength in
Computer Music Programs ' .  The central  thesis of  this paper
is that  a computer system can be classi f ied as exist ing on a



S y n t h e s i s e r s :  I n t e r f a c e  D e s i g n  -  P a g e  3 B A C K T O C O N T E N T S

cont inuum: at  the general  end,  a system is said to have weak
procedures which require a lot  of  information from the user
to generate any results.  This type of  system has the
advantage of  being very f lexible and of  having a high level  of
appl icabi l i ty.  At  the strong end,  the system tends towards
automation,  with a consequent lack of  choice on the users
part .  Somewhere in the middle is  an area of  maximum
interact ion,  ease of  use,  and product iv i ty  for  the user.  Once
aware of  this type of  dichotomy,  i t  seems to spring up
everywhere.  In Gardiner & Christ ie  (1987)  i t  is  expressed as
the General i ty  v  Power law, precisely in the context  of
interface design.  And in Cole (1974)  there is  a discussion in
these terms of  the tension between rules and ambiguity  in
language.

The second key paper is  by F.  Richard Moore (1988)  and is
cal led 'The Dysfunct ions of  MIDI  ' .  In  i t  he coins the term
control  int imacy to describe the relat ionship a ski l led
performer has with an expressive acoust ic  instrument such
as a v iol in.  This relates to the immediate tact i le  and auditory
feedback the performer would receive from such an
instrument:  i t  is  this control  int imacy that  al lows expression.
That  contemporary synthesizers lack such int imacy is
understood:  as Manning (1985)  has put  i t ,  " the problems of
immediate and effect ive communicat ion between the
composer and his tools…remains perhaps the greatest
stumbling block throughout the evolut ion of  the medium".
Also in the Moore paper is  some discussion of  the
implicat ions of  the MIDI  standard on accurately  capturing
cont inuous control  information generated by a performer:  this
wil l  be looked at  also.

2 :  The Interface  The modern synthesizer is  essent ial ly  a highly
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special ised computer.  Typical ly,  one might  say there are two
main ways in which i t  would be used:  Performance Mode or
Edit  Mode.  In Performance Mode the digi tal  hardware within
wil l  be control led mainly by the keyboard,  plus any other
performance control lers being used such as the pi tch-bend
and modulat ion wheels,  sustain pedal ,  or  breath control ler.
The only funct ions l ikely  to  be accessed from the front  panel
are voice select ion or perhaps master volume adjustments.  In
Edit  Mode however,  the front  panel  controls wil l  become the
primary means of  interact ion with the machine.  The present
state of  the machine wil l  be relayed by some sort  of  v isual
display,  and the user wil l  make a decision on the basis of  that
information as to what  edi ts  are necessary.  Any instruct ions
given to the machine via the controls wil l  be read by the
internal  processor,  which wil l  in  turn relay these instruct ions
to the sound-generat ing hardware:  the new status should
then be ref lected in the v isual  display and,  depending upon
the task,  in the sound i tsel f .  The user wil l  reassess the
si tuat ion using this new information:  i f  the changes are
sat isfactory then Edit  Mode may be closed,  but  i f  not  the
process wil l  be repeated.  The user and the machine form an
information loop,  and could be said to engage in a dialogue.

I f  we are going to look at  interface design in any detai l ,  from
the simple descript ion above we can ident i fy  three main
areas of  concern:  the user,  the software,  and the physical
interface of  the control  panel  that  l ies between them. These
are discussed in some detai l .  There wil l  also be a brief
discussion here on manuals,  which on certain important
occasions wil l  enter into the information loop.

Human Information Processing.  The idea of  the human being
as a processor of  information l ies,  paradoxical ly,  in  the
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theoret ical  or igins of  modern computing.  Both Turing and von
Neumann compared the computer to the brain,  i ts  program to
the mind.  The claim was that  whatever the brain did,  i t  d id
because i t  was a logical  system: the physics and chemistry,
Turing said,  were only relevant  in so far  as they were able to
support  these discrete states.  Other advances in Linguist ics,
Information Theory,  and Art i f ic ial  Intel l igence al l  helped to
legi t imise a return to the study of  cognit ion (as opposed to
behaviour) ,  and the emergence of  Cognit ive Psychology as a
major current  in theory and research.

From the model  developed by von Neumann,  the human
information processing system could be described as being:

- a sensory input  system,
- a memory,
- a central  processor,  and
- a response (verbal  or  motor,  for  example) .

Modern theory would tend to assume paral lel  processing
rather than a str ict ly  sequent ial  processor,  but  the basic f low
is st i l l  considered to be correct .  This model  wi l l  now be
appl ied to the part icular context  at  hand.

1)  Sensory Input .  The musician at  the keyboard is  going to be
receiving auditory,  tact i le ,  and visual  information.  The edi t ing
task at  hand wil l  perhaps require some decisions to be made
on the basis of  auditory st imulus,  such as the qual i ty  of
sound or depth of  LFO.  Tact i le  information wil l  constantly  be
received from the f ingers,  in part icular as they manipulate
the controls.  But  by far  the most  important  information wil l
be received as v isual  st imuli :  the posi t ion of  the hands in
relat ion to the controls;  the posi t ion of  the controls on the
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facia;  and,  crucial ly,  the status of  the machine as relayed by
the data on the display.

The essent ial  processes of  v is ion are funct ions of  the brain:
the eyes are merely l ight  receptors.  Let  i t  be suff ic ient  to  say
here that  the actual  receptor organs are the l ight-sensit ive
nerve cel ls  embedded in the ret ina,  of  which there are two
types,  rods and cones.  In each eye there are approximately 6
mil l ion cones and 120 mil l ion rods.  The cones are responsible
for colour percept ion,  but  are not  very sensit ive to l ight
intensi ty.  Exact ly  the opposite is  true for  rods.  Distr ibut ion of
the two complementary types of  nerve cel l  across the ret ina
is unequal ,  with the cones more prevalent  in the centre and
the rods more prevalent  at  the periphery.  (Explaining why we
are able to see l ight  f i t t ings and TV screens f l ickering 'at  the
corner of  the eye' . )  At  the very centre of  the eye is  a small
depression cal led the fovea,  part icularly  densely packed
exclusively  with cones.  Al though most  cel ls  in the eye do not
have direct  access to the brain,  indiv idual  foveal  elements do.
The result  of  this is  that  the eye has a def ini te area of
maximum acuity,  located direct ly  on-axis.  Only objects
focused upon the fovea are perceived clearly,  the image
become progressively  more blurred toward the periphery.  In
order to construct  a wider image in more detai l  the eyes
move four or f ive t imes per second:  these jumps are cal led
saccades.

We could almost  say that  we sample the v isual  environment.
How then does percept ion appear cont inuous? Well ,  in  the
same way that  a digi tal  recording system wil l  sample a signal
and then hold i ts  value so that  i t  might  be measured,  so i t
seems we have a Sensory Information Storage (SIS)  system,
sometimes cal led the Iconic Memory,  that  holds the v isual
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image and al lows i t  to  be processed.  I t  is  bel ieved that  the
durat ion a detai led image may be retained in the SIS system
is related to the photochemical  react ion at  the ret ina,  with a
typical  durat ion of  around 250ms and a maximum at  around
500ms.

2)  Memory.  The second level  of  memory is  the Short-Term
Memory (STM),  or  Working Memory.  The single most
important  factor relat ing to STM that  al l  experimenters seem
to agree on is  that  i t  has a str ict ly  l imited capaci ty.  A rule of
thumb measure was demonstrated by Mil ler  (1956)  in his
widely-reported paper 'The Magical  Number Seven Plus or
Minus Two' .  In a variety  of  s i tuat ions he showed that  people
are only able to recal l  approximately seven i tems at  any one
t ime.  The nature of  the information is  crucial :  i t  would only
be possible to remember seven unrelated 'bi ts '  of
information,  but  i f  a  l ist  or  series of  numbers could be easi ly
grouped into what  he termed 'chunks'  then i t  became
possible to recal l  seven of  these chunks,  with a
corresponding increase in the number of  bi ts  recal led.

There are obviously many other factors complicat ing this.  For
instance,  i t  has been demonstrated (Gardiner & Christ ie  1987)
that  doing mental  ar i thmetic  immediately  af ter  learning a
short  l ist  wi l l  seriously hamper recal l .  This is  cal led
Interference.  Repeat ing information over and over again in
your head aids recal l :  this is  cal led Rehearsal .  Overloading,
exceeding the apparent  capaci ty  of  the STM, causes errors:
anxiety  further reduces that  capaci ty.

One of  the by-products of  this l imited capaci ty  is  that  there is
a good deal  of  rel ief  when information relat ing to a part icular
task no longer needs to be retained.  What happens then is
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that  operat ions are habitual ly  broken down by the user into a
sequence of  semi-independent 'uni t-tasks' ,  al lowing Closure
to occur.  This al lows progress to be monitored more easi ly  (at
the same t ime local is ing the extent  of  any errors) ,  and keeps
the information load within the capaci ty  of  the STM. 

The third level  of  memory commonly ident i f ied is  Long-Term
Memory (LTM).  This is  general ly  considered to have an
effect ively  unl imited capaci ty,  al though as the brain is  i tsel f
f ini te ,  so presumably is  LTM. The problems associated with
LTM are not  those of  what  we cal l  remembering,  but  those of
Recal l .  In  other words the information is  there but  we don't
know how to get  at  i t .  This highl ights the interdependence of
encoding and retr ieval :  the Encoding Speci f i ty  Principle
postulates that  cues and prompts are l inked to the stored
information at  the t ime of  storage,  and i f  these are lost  the
information wil l  be irrecoverable.  Closely al l ied to this is  the
use of  mnemonics as an aid to memory.  Key words,
geographic locat ions,  or  other meaningful  associat ions can be
used to organise otherwise disparate material .  This might  in
turn be l inked to other theories relat ing retr ieval  to  the depth
of  embedding of  the information;  qui te simply how much
processing was done on i t .

One other interest ing point  is  that  we seem to have a
superior memory for  pictures (Gardiner & Christ ie  1987,
Lindsay & Norman 1977) .  Both references at tr ibute this to a
double encoding:  f irst  as an image,  and second as a
verbal ised abstract  derived from the image.  Needless to say
this begs a plethora of  new quest ions about  the form(s)  in
which our memories are encoded.

3)  Processing and Response.  So:  the information received by

Roland SH101.
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the sense organs is  perceived,  interpreted whilst  residing in
STM, and possibly  goes on to be encoded in LTM. These and
any other  act iv i t ies occurring within the brain could be
termed as Processing.  However there is  another more
speci f ic  sense in which the information in STM is 'processed' ,
whereby i t  is  combined and compared with what  is  already
known and used as a basis for  decision making.  And here,  in
the context  of  the synthesizer edi t ing task at  hand,  we can
ident i fy  a cont inuum of  ski l l  in  problem solving from novice
through to expert  that  depends ent irely  upon internal
processing of  this sort .  We can di fferent iate the novice from
the expert  in two main ways.  First ,  the expert  has a large
amount of  information (of  procedures,  commands,  underly ing
principles,  etc)  already in LTM, acquired ei ther through rote
learning,  direct  experience,  or  both.  The novice,  by def ini t ion,
has l i t t le  or  none:  each problem has to be solved ' for  the f irst
t ime' .  In a worst-possible case,  the novice may not  even
know what the problem is.  Second,  the acquir ing of  a  ski l l
that  involves perceptual-motor movement wil l  almost
inevi tably result  in  the user developing a degree of
Automatic i ty.  Rout ine tasks wil l  tend to move outside
conscious control ,  and the process is  no longer l imited by or
resident  in STM: we would say the ski l led user displays
smoothness,  control ,  and economy of  effort .  This phenomenon
has been expressed mathematical ly  as the Power Law of
Pract ice.

Software.  The computer program within the synthesizer has
two main funct ions:  to  operate upon data,  and to display
status and mode to the user.  Data in this case wil l  be related
to the sounds themselves,  both in the sense of  sample data
and the tables of  indiv idual  parameter values that  shape that
raw data;  MIDI  commands;  Digi tal  Signal  Processing (DSP)
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algori thms;  and various other 'housekeeping'  ut i l i t ies such as
data dumping.  Al l  of  this information has to be accessible to
and manipulable by the user,  and how this is  done wil l  have a
major inf luence on the eff ic iency of  the system. Any problems
wil l  be exacerbated by the fact  that  this large amount of  data
has to be presented on a relat ively  small  display:  i t  is
obvious that  the physical  constraints of  the synthesizer
preclude large monitor/  TV screen displays.  In pract ice what
this means is  that  the information is  arranged in a str ict ly
hierarchical  fashion,  with the various levels represented by
discrete 'pages'  of  information.  Typical ly  then,  edi t ing a
sound would require the user to select  the relevant  sound,
enter Edi t  mode,  and then work down through the hierarchy
to the necessary level .  This may also involve various sub-
tasks such as turning off  those osci l lators not  being used,  or
muting effects.  Having carried out  the necessary edi t ,  the
hierarchy wil l  have to be renegot iated in the opposite
direct ion using the Exi t  button,  at  the same t ime as re-
enabl ing any muted funct ions.

In terms of  the General i ty  v  Strength dichotomy,  we would say
that  such a system is at  the very 'general '  extremity.  I t  is
designed in such a way that  al l  tasks,  from the most  detai led
to the very broad,  are executed in the same way:  the result  of
this is  a 'weak'  operat ing system that  (as Truax points out)  is
typi f ied by the user having to speci fy  and input  large amounts
of  information in order to complete the task.  The user has to
ident i fy  the problem, locate the funct ion within the hierarchy,
and remember the status of  various sub-tasks.  As described
in the previous sect ion,  we can see that  even such a basic
operat ion as this can severely tax the users working memory.
Furthermore,  this type of  system severely hampers Control
Int imacy,  a  prime prerequisi te of  which is  immediate
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feedback to the user:  this whole process is  extremely t ime
consuming!

The user of  the system has a goal ,  a  part icular task to
achieve:  the primary funct ion of  the program should therefore
be to enable them to achieve this goal  as simply and as
quickly as possible.  The implicat ion of  this is  that  the
programmer must start  with the user interface as one of  the,
i f  not  the,  core design cr i ter ia.  So,  even given such a
laborious general  control  system as described above,  what
are the factors governing software design that  might  go
towards making i t  more eff ic ient  and user-fr iendly?

1)  Unity  and Form. The program must be well  ' thought
through' ,  with a logical ly  designed system structure.  A
common problem with this is  that  as the software gets
updated,  new versions of  the system are of ten perceived as
having a core program with new modules 'bol ted on'  around
it .

2)  Rat ional i ty.  The program should display the programmers
understanding about  the way in which the completed system
wil l  be used,  with the hierarchy of  tasks div ided into
meaningful  chunks.  This in i tsel f  should reduce the number
of  uni t-tasks necessary to achieve a certain goal .  Also
inherent  within this is  the idea of  program f low, where
certain operat ions are more l ikely  to  lead to 'Opt ion X'  than
are others.

3)  Consistency.  Fol lowing on from the above,  this means that
the program should not  contradict  i tsel f  or  confuse the user:
in similar si tuat ions the program should behave in similar
ways.  The effort  spent  learning how to communicate one
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choice or interpret  one state wil l  not  have to be repeated for
the next .  Apart  from anything else,  a  consistent  program
inspires conf idence.

4)  Communicat ions Convent ions.  The system as a social
animal:  we could reasonably describe communicat ion with
another human being as a dialogue in natural  language.
Computers communicate in a synthet ic  language,  and a good
measure of  the effect iveness of  a  command syntax would be
i ts  approximation to the convent ions of  human conversat ion.

There are many problems with this:  al though human
conversat ion does have str ict  rules underly ing i t ,  i t  is  of ten
the very breaking of  those rules that  al low for expression.
Machines,  however,  are absolutely  l i teral .  Secondly,  a  human
dialogue is  l ikely  to  include a good deal  of  non-verbal
information derived from physical  gestures such as body
posture and eye contact .  Thirdly,  human conversat ion is  what
is  technical ly  termed as duplex,  that  is  communicat ion is
possible both ways simultaneously.  Man-machine dialogues
are typical ly  hal f-duplex:  communicat ion is  two-way,  but
al ternates in a cause and effect  cycle.

Final ly,  the system is l ikely  to  use common or everyday terms
in a rather special ised way,  and the user is  faced with the
problem of  ' translat ion' .  (An exist ing example of  this is  the
common confusion over the meaning of  related terms such as
loudness,  intensi ty,  and volume.)  On another level ,  the
program should also take into account  the convent ional  ways
certain data are presented.  There is  a strong tendency in
synthesizer software to value everything from 0-127,
regardless of  the parameter.  This might  make l i fe  easier for
the designer,  but  i t  certainly  isn' t  how people work:  f i l ter  cut-
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off ,  for  example,  should be cal ibrated in Hertz.

5)  Feedback.  This should be rel iable.  In the case of  a
synthesizer system feedback is  always l ikely  to  be v isual ,  for
the simple reason that  auditory feed back is  less l ikely  to  be
effect ive in a noisy,  musical ,  environment.  Accurate feedback
has been shown to signi f icant ly  reduce errors (Card,  Moran,  &
Newell  1983) .

6)  Timing.  This plays a crucial  role in the effect iveness of
feedback.  I f  events generated by the user do not  appear to
happen with the human cycle t ime of  around 50ms, the
cause-event  percept  begins to break down. The fact  that  no
feedback occurs to indicate the complet ion of  the act ion is
extremely distract ing,  destroying the psychological  ' f low'  of
the user (Russ 1988,  St  Hippolyte 1989) .

7)  The Window. Earl ier  in this sect ion we noted the dist inct ion
between the data stream operated upon by the program, and
the display of  status and mode generated by the program to
represent  that  data.  A window in this context  is  s imply a
space generated by the program to display that
representat ion.  I t  fol lows that  the way in which a programmer
designs the software wil l  have a signi f icant  effect  on the
usabi l i ty  of  the program, insofar as that  data is  more
accurately,  more clearly,  or  more concisely represented.
There is  a certain i l lusory qual i ty  to  this:  the user perceive
themselves to be direct ly  manipulat ing data,  whereas there is
a good deal  of  'hidden'  internal  processing going on to
translate information in and out  of  di fferent  formats purely
for presentat ion purposes.  The better the i l lusion,  the more
power the user wil l  appear to have.
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Visual  ergonomics wil l  be discussed in the fol lowing sect ion.

The Control  Panel .  There was a t ime when i t  would have been
accurate to say that  a complex machine would have
necessi tated a complex control  panel .  With the introduct ion of
digi tal  technology,  however,  many of  the control  systems have
been 'moved'  onto the software,  with the result  that  much
contemporary machinery has an extremely sparse control
panel .  In a musical  context ,  we have seen a radical  change
away from basical ly  very simple synthesizers with many
controls towards complex synthesizers with few controls.  The
control l ing mechanisms now reside in the 'cyberspace'  within
the machine,  accessed via a small  display unit  having only a
t iny fract ion of  the avai lable data v is ible at  any one t ime.
Hence that  graphic descript ion of  synth edi t ing:  wal lpapering
the hal lway through the let terbox.

I t  could be argued that  having such a minimal control  panel
means that  i ts  elements have proport ional ly  increased in
importance.  With so much control ,  and so few controls,  i t
seems reasonable to assume that  these remaining controls
wil l  suffer heavy usage.  And with so much information now
only v is ible v ia the display unit ,  one would l ike to think that  i t
had been designed with the proper ergonomic principles in
mind…

1) Control  Layout .  Edi t ing a synthesizer is  a ski l led task,  and
it  is  a funct ion of  almost  al l  ski l led tasks that  they depend
upon eyesight  and manual  dexteri ty.  With there no longer
being any need for the control  panel  to  ref lect  or  make
expl ic i t  the inner structure of  the synthesizer,  there is  now
absolutely  no reason why the ergonomic factors l ikely  to
enhance the performance of  the user should not  take
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precedence.

The display should be in the centre of  the control  panel .  Black
marks to those few synths (eg the Synclavier)  that  don't
implement this.  Ideal ly  i t  would be recessed and angled so
that  i t  faces the user when they're in the normal posi t ion
seated in front  of  the keyboard;  manufacturing cost  is
probably the reason why this is  so rarely done.  The master
volume control  should be isolated and dist inct ,  and usual ly  is .
For the rest  of  the controls,  the general  rule is  that  the most
important  should be placed central ly.  There is  a tradeoff  here:
the closer the controls the smaller movements wil l  have to
be,  but  compact ing the controls makes accuracy increasingly
important .  Without  such accuracy,  more errors wil l  be made.
This is  described by Fi t ts  Law, which states the t ime to move
the hand to a target  depends only on the relat ive precision
required,  the rat io  between the distance to the target  and i ts
size (Card,  Moran,  & Newell  1983;  Russ 1988) .  A rule of  thumb
is that  controls should be at  least  15mm apart  (Grandjean
1980) .

2)  The Controls.  Edi t ing a synthesizer is  primari ly  a cognit ive
task:  the perceptual-motor act ions governing the use of  the
controls are an expression of  that  cognit ive act iv i ty.  I t  is
important ,  then,  that  the physical  controls have been selected
with this relat ionship in mind.  On a gross level ,  we could
di fferent iate between the user inputt ing ei ther discrete or
cont inuous information into the synthesizer,  mapped onto
corresponding discrete or cont inuous control lers.  In pract ice
this is  rarely  the case.  The al l-digi tal  synth has brought with
i t  an information input  system based almost  exclusively  on
incremental/  decremental  amounts,  even though i t  is
undoubtedly best  sui ted to a cont inuous-control ler  type
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environment.  Things are changing for  the better,  however,  and
most synthesizers now sport  at  least  one rotary encoder (also
cal led inf ini ty  wheels and alpha dials) .

Controls movements should comply with our 'stereotyped
react ions' .  A vert ical  sl ider,  to  take a simple example,  should
increment i ts  related parameter value as i t  goes up.  But  what
of  a horizontal ly  placed sl ider? Which end should be 'high'
and which ' low' .  Al though this is  more a concern for  the
industr ial  designer,  i t  does highl ight  the types of  pi t fal ls  ly ing
in wait  for  the unwary…

Discrete control lers include a whole range of  di fferent  types
of  switches and buttons,  too numerous too describe ful ly.
Choice is  l ikely  to  be largely on the basis of  cost ,  al though in
certain contexts buttons with status LED's or special ly
textured surfaces may be required.  One type of  button that
has aroused some controversy is  the membrane switch.  This
was used extensively  on the f irst  generat ion of  MIDI-equipped
synthesizers,  most  notoriously the Yamaha DX7,  presumably
because they were considered to be protect ion against  beer
spi l lage and the l ike!  Whatever,  people didn' t  l ike them and
later models had discarded them. The most  common
complaint  was lack of  feedback (Sanders & McCormick 1987) .
Because key travel  was vir tual ly  zero users were unsure
whether data had been entered or not ;  the lack of  movement
also tended to generate an excessive use of  force.  The use of
graphics to 'show' where the key should be pressed,  and
either a central  raised dome or an embossed r im al l  help to
overcome these drawbacks.  The most  common form of
feedback used with electronic equipment of  al l  sorts,  the
bleep,  is  inappropriate on a synthesizer,  l imit ing the
cont inued use of  this type of  switch to more ut i l i tar ian
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funct ions (cash dispensers,  industr ial  control  equipment,
almost  anything outdoors) .

Extensive research has been done on cont inuous control lers,
usual ly  in the context  of  control l ing an on-screen cursor
whilst  doing text  edi t ing tasks (Card,  Moran,  & Newell  1983;
Sanders & McCormick 1987) .  Of  the control lers tested,  the
only ones of  interest  to  us here are the di fferent  types of
joyst ick,  the trackerbal l ,  and the foot  pedal .  First ,  a
dist inct ion between two types of  joyst ick:  the Isotonic joyst ick
is relat ively  free moving,  and depends upon encoding by
displacement.  The further i t  moves,  the greater the
parameter changes.  A second type is  the Isometric  joyst ick,
which has a very l imited movement and depends upon vector
forces for  encoding:  in this case,  the harder you push in a
certain direct ion the greater the parameter change.  The
results of  the research were consistent .  Cont inuous control ler
devices were faster,  easier to use ( involving less mental
effort ) ,  and more accurate than discrete devices.  Isometric
joyst icks were more accurate than Isotonic,  and trackerbal ls
were the most  accurate of  al l .  The results should not  surprise
us:  Isometric  joyst icks and trackerbal ls  have been the
mainstay control lers of  the computer games fraterni ty  for  a
long t ime.  Movement,  accuracy,  speed,  and ease of  use are al l
equal ly  crucial  here.

Of  the other cont inuous control lers,  the foot  pedal  did
signif icant ly  better than any discrete device,  al though i t  is
less accurate and slower than the hand devices described
above.  Part ly  this is  because of  the larger mass of  the foot ,
but  perhaps more important ly  the foot  pedal  is  not  l ikely  to
be visible in normal use,  and the rel iance of  ski l led tasks on
sight  has already been noted.
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3) Text .  When reading,  we actual ly  carry out  two cognit ive
tasks in conjunct ion:  a  primari ly  v isual  one,  used for
searching and perceiv ing,  and a primari ly  cognit ive one that
absorbs and comprehends the text .  We tend to pass over
individual  let ters and words in favour of  larger meaningful
units:  we recognise grammatical  s i tuat ions not  by detai l  but
by  phrase.  New or unfamil iar  words or constructs slow the
reader down. We read quickly when there is  a high degree of
predictabi l i ty,  and therefore redundancy,  in the text .  On the
basis of  this information,  we can make some decisions about
the display.  

First ,  the font  used should be sans seri f  for  c lar i ty,  and the
information should be presented in upper and lower case
let ters.  The ascenders and descenders lend words a
characterist ic  contour,  making them easier to recognise.  Text
should be of  a  s ize that  can clearly  be read from the usual
operat ing distance.  Areas of  text  with blank spaces amongst
i t  have been found to be much easier to read (van Nes 1991) .
Space also helps keep search t imes to a minimum:
paragraphs or headings can be highl ighted by out l ining,  bold
let ters,  capi tals,  i tal ics,  or  a colour that  di ffers from the
background.  The spat ial  grouping of  text  should ref lect
meaning.

These types of  measures,  in the context  of  a  word processing
task,  have been shown to y ield measurable improvements
(Card,  Moran,  & Newell  1983;  van Nes 1991) .

4)  Graphics.  Images may present  certain information more
immediately :  envelope and wave shapes are the obvious
examples in the present  context .  As noted earl ier,  we seem to

Korg
Prophecy.
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be able to remember images very effect ively,  and there is
also some evidence to suggest  that  our brains are able to
process images very quickly (Gardiner & Christ ie  1987) .  Is
this anything to do with the 'direct  l ine'  from the fovea to the
processing centres?

A study to determine the effect iveness of  symbols on
machines (Harvard et  al  1991)  reported that  symbols
enhanced glance and distance legibi l i ty,  but  became more
meaningful  to  users when used in conjunct ion with a text
label .  Symbols were better for  speed,  words better for
accuracy.  The major drawback seemed to be in f inding
symbols that  had 'response consistency' :  this is  exacerbated
by the mult inat ional  nature of  modern consumption,  for  i t  was
found that  cul tural  di fferences signi f icant ly  affected
interpretat ion.

5)  Colour.  Aesthet ics aside,  this is  most  useful  when seeking
to add contrast  to ,  or  di fferent iate areas of ,  the control  panel
and display.  One part icularly  interest ing and potent ial ly
useful  aspect  of  colour for  the designer is  that  i ts
connotat ions tend to remain stable from one object  to
another:  the obvious example is  red,  which is  typical ly
associated ( in the industr ial  sense)  with warnings of  danger,
f ire,  or  just  plain STOP! There are two main problems
associated with the use of  colour in this way.  First ,  the user
must be aware of  the code and the way in which i t  works.
Second is  the problem of  colour-bl indness amongst  users.
This would obviously render any control  panel  coding
invisible,  but  i t  is  most  crucial  in the area of  safety.  Al though
not  direct ly  appl icable to synthesizer interfaces,  i t  is
interest ing to note how the colour codes of  the three-pin plug
have been designed with colour-bl indness in mind:  one dark
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wire,  one l ight ,  and one patterned.

On the display colour can be used to accent  key words or
phrases,  helping the user to search for  part icular text  i tems,
and i t  is  possible to group related i tems of  text  together with
coloured areas.  However,  i t  is  easy to over-accentuate,  in
which case the eye tends to be cont inual ly  at tracted to the
coloured areas,  which hinders reading:  i ts  indiscriminate use
leads to a fragmentat ion of  meaning.  Final ly,  i t  may also be
used with text  to  colour code meaning,  over and above that
actual ly  within the text .

On the control  panel ,  as well  as being used for text-label l ing
of  controls,  colour can ei ther be used to separate or
associate di fferent  areas;  for  coding indiv idual  control
funct ions;  for  accentuat ing small  controls;  and for grouping
sets of  controls.

6)  Aesthet ics.  The control  panel  is  a blend between aesthet ics
and technology.  Al though we would expect  i t  to  funct ion
correct ly,  there is  also a strong element of  pleasure to be
obtained from a machine that  pleases the eye.  There is  a
tension here between designing from funct ion and designing
for purely aesthet ic  reasons.  The designer must also take
into account  pressures from the marketplace,  typical ly  more
ephemeral ,  fashionable,  elements.

Most  synthesizers are black.  Those that  aren't  di ffer  usual ly
because the manufacturer has a 'house'  style for  their
products.  A good example is  Akai :  l i teral ly  everything they
produce is  a l ight  grey-blue colour with the Akai  logo picked
out  in red.  There are several  reasons why black has come to
predominate,  none of  them ent irely  convincing in their  own
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right .  There is  the percept ion that  black products are
professional ,  expensive,  powerful ,  even mascul ine,  with the
corol lary that  colour is  fr ivolous,  feminine,  weak,  cheap.
Colour is  also l inked with toys and chi ldren.  Whether or not
in pract ice a black instrument is  an advantage to the
professional  is  open to debate.  Certainly  on stage i t  wi l l  tend
not  to  ref lect  l ight ,  i t  won't  show dirty  marks so easi ly.
Final ly,  referr ing again to the idea of  products as
mult inat ional  and cross-cultural ,  could black be seen as
being merely neutral?

Simplic i ty  and complexi ty  are uneasy bedfel lows.  We have
seen the synthesizer develop from being simple and
knobular,  to  complex and minimal.  Whilst  the 'Jodrel l  Bank
Approach'  is  obviously unsuitable for  a modern digi tal
synthesizer,  there is  the feel ing that  the 'Less is  More'
approach of  recent  years is  equal ly  misguided.  There has
certainly  been a percept ion that  hi-tech equipment doesn't
needs knobs,  and the more powerful  is  that  equipment the
less knobs i t ' l l  need (especial ly  i f  i t 's  black!)  Here more than
anywhere else we can see the effects of  market ing on design,
the tr iumph of  aesthet ics over funct ion,  almost  completely
divorced from the needs of  the user.

The Manual .  Whoever i t  was who claimed that  computers
would bring about  the disappearance of  paper from our l ives
was,  at  the very least ,  premature.  Buy a computer system or
a piece of  sof tware and you're l ikely  to  be confronted with at
least  one,  and possibly  several ,  dense and weighty tomes.
These wil l  have been translated from the language they were
writ ten in,  probably Japanese,  German,  or  Cal i fornian,  and
any at tempt to read them wil l  only confuse,  dismay,  and
disorient  you.
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This common percept ion of  'user'  manuals is  probably a l i t t le
out  of  date;  manufacturers are much more aware of  the
problems involved.  The manual  should not  be designed
around the technical  features offered by the system. In this
case,  the manual  is  merely an extension of  the system.
Rather i t  should be wri t ten from the point  of  v iew of  the user,
and must take into considerat ion the way in which the user
wil l  be l ikely  to  use that  system: i t  must  be as task oriented
as the user.  Central  to  this is  the idea of  an overview of  the
system, both in terms of  i ts  structure and in terms of  i ts
general  context .  In other words a sampling system manual
should begin with some descript ion of  what  sampling actual ly
is ,  how i t  goes about  doing i t ,  and then f inal ly  how the
system is structured internal ly.  A completely  separate sect ion
should give an index of  step-by-step instruct ions for  doing
individual  tasks.

There are two underly ing ideas here,  both related.  First ,  that
the user wil l  in i t ial ly  be lacking in ski l l  and wil l  not  use many
of  the more esoteric  funct ions for  some t ime.  Consequently
these should be 'out  of  s ight '  unt i l  needed:  the users f irst
priori ty  is  to  become conversant  only with the broad workings
of  the system. Secondly,  as Wright  (1988)  has reported,  the
user principal ly  learns about  the system by interact ing with
i t .  Thus the manual  should be arranged in modules,  with the
most basic  immediately  al lowing and encouraging use.

Other prerequisi tes for  a good manual  might  include:  an
extensive Glossary;  comprehensive and accurate cross-
indexing;  examples related to ski l l  level ;  c lear diagrams;
colour;  and a professional  and well  designed layout .
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Summary.  Communicat ion between man and machine takes
the form of  an information loop,  a dialogue.  The more free-
f lowing is  that  information,  the more expressive the dialogue,
then the better an interface could be said to be.  This involves
the concept  of  transparency,  where the interface does not
interfere with information f low and the user has the i l lusion
of  direct  manipulat ion of  data.

The primary l imit ing factor on the users performance is  that
of  STM, or 'working memory' .  I t  is  crucial  that  the system
works in a consistent  and coherent  way,  and that  i t  a l lows
tasks to be readi ly  and logical ly  broken down, reducing
demands on STM al lowing closure.  Furthermore,  most  of  the
users t ime wil l  be spent  doing very few tasks very of ten.  I t  is
important  for  the system designer to accurately  speci fy  these
high-frequency tasks and implement them in the most
eff ic ient  way possible.

On the control  panel ,  i t  has been shown that  cont inuous
control ler  devices are much faster,  more accurate,  and cause
the user least  stress when inputt ing information.  Whilst  not
sui table for  al l  appl icat ions,  i t  is  proposed here that  they are
absolutely  v i tal  in  a musical  context ,  especial ly  in terms of
control  int imacy during performance.  Closely related to this,
we have ident i f ied a typical  modern synthesizer as having a
very general ,  weak,  operat ing system, requir ing the user to
input  large amounts of  data of ten.  Given that  music is  an art
that  exists ' in  t ime' ,  these t ime consuming processes are
rarely appropriate.

3 :  Design and Development.   Having now establ ished a
framework within which to discuss certain elements of
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synthesizer design,  most  notably those that  concern
interact ion with the user,  this next  sect ion wil l  look at  the
development of  the ideas and technology ly ing behind
synthesis and synthesizers.  A select ive history covers the
period roughly from the turn of  the century up to the end of
World War I I .  The period from then unt i l  1983 is  div ided into
separate sect ions covering developments in Europe and
America.  An example of  a  part icular product ion synthesizer is
included,  chosen to be representat ive of  a  part icular stage in
the development process.

1896-1945.   "The f irst  twenty-f ive years of  the l i fe  of  the
archetypal  modern art ist ,  Pablo Picasso -  who was born in
1881 -  witnessed the foundat ion of  twent ieth century
technology for  war and peace al ike:  the recoi l  operated
machine gun (1882) ,  the f irst  synthet ic  f ibre (1883) ,  the
Parsons steam turbine (1884) ,  coated photographic paper
(1885) ,  the Tesla electr ic  motor,  the Kodak box camera and
the Dunlop pneumatic  tyre (1888) ,  cordi te (1889) ,  the Diesel
engine (1892) ,  the Ford car (1893) ,  the c inematograph and the
gramophone disc (1894) .  In 1895,  Roentgen discovered X-rays,
Marconi  invented radio telegraphy,  the Lumiere brothers
developed the movie camera,  the Russian Konstant in
Tsiolkovsky f irst  enunciated the principle of  rocket  drive,  and
Freud publ ished his fundamental  studies on hysteria.  And so
i t  went :  the discovery of  radium, the magnet ic  recording of
sound,  the f irst  voice radio transmissions,  the Wright
brothers f irst  powered f l ight  (1903) ,  and the annus mirabi l is
of  theoret ical  physics,  1905,  in which Albert  Einstein
formulated the Special  Theory of  Relat iv i ty,  the photon theory
of  l ight ,  and ushered in the nuclear age with the cl imact ic
formula of  his law of  mass-energy equivalence,  E = mc2.  One
did not  need to be a scient ist  to  sense the magnitude of  such
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changes.  They amounted to the greatest  al terat ion of  man's
view of  the universe since Isaac Newton".  -  Robert  Hughes
(1981)

In 1896 Thaddeus Cahi l l  patented an electr ical ly  based sound
generat ion system. I t  used the principle of  addit ive tone
synthesis,  indiv idual  tones being bui l t  up from fundamentals
and overtones generated by huge dynamos.  Unbel ievably
huge:  the instrument weighed 200 tons and was 60 feet  in
length.  I t  had a convent ional  piano-type keyboard and was
even polyphonic.  First  publ ic ly  demonstrated in 1906,  this
remarkable machine became known as the Dynamophone or
Telharmonium. Cahi l l 's  v is ion was to sel l  product ion models
of  the machine to al l  the large ci t ies in America,  and to have
concerts of  'Telharmony'  broadcast  into homes,  hotels,
theatres,  and restaurants v ia the telephone networks.
Needless to say cost ,  and the fact  that  i t  actual ly  interfered
with the normal workings of  the network,  meant that  this
grandiose scheme never came to frui t ion.

Although conceptual ly  very advanced,  the Telharmonium was
already old technology:  in 1907 Lee de Forest  invented the
vacuum tube.  I t  pr imari ly  provided a compact  means of
generat ing cont inuous radio waves and of  ampli fy ing and
detect ing radio signals,  but  by extension also solved the
problem of  producing,  ampli fy ing,  and processing al l  sorts of
signals.  1907 also saw the publ icat ion of  Busoni 's  inf luent ial
'Sketch of  a  New Aesthet ic  of  Music ' ,  which whilst  i t  does
not  speci f ical ly  refer to the product ion of  music by electronic
or mechanical  means,  exhorts modern composers to take the
next  step into "abstract  sound,  to  unhampered technique,  to
unl imited tonal  material" .  In  1910 the Futurist  Bal i l la  Pratel la
publ ished 'The Technical  Manifesto of  Futurist  Music ' ,  a

Thaddeus Cahi l l  inventor of  the
telharmonium.

The telharmonium.
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clarion cal l  to  the composer as c i ty  dweller,  openly
embracing the machine age and al l  i ts  impl icat ions.
Their  work,  he said,  should ref lect  " the musical  soul  of
crowds,  of  great  industr ial  plants,  of  trains,  of
transatlant ic  l iners,  of  armoured warships,  of
automobiles,  of  aeroplanes".  Whilst  the Futurist
romantic isat ion of  war has r ight ly  always been
cri t ic ised,  they nonetheless caught  the spir i t  of  the age
with their  frenet ic  and breathless art .  In  1912 another
Futurist  Luigi  Russolo publ ished 'The Art  of  Noises ' ,  a
somewhat more considered and technical ly  informed
text  than Pratel la's,  fol lowing i t  up in 1914 with what
was possibly  the f irst  successful  performance of
absolute 'new music'  at  the Teatro dal  Verne in Milan.

Part ly  because of  the inf lux of  Europeans,  and part ly
because i t  had escaped the mass destruct ion of  the First
World War,  the focus of  development shi f ted to America.
In 1924,  Russian physicist  cum instrument designer cum
virtuoso viol inist  Leon Theremin demonstrated his new
invent ion,  variously known as the Aetherphone,
Thereminvox,  or  more usual ly,  s imply the Theremin.  A
direct  result  of  vacuum tube technology,  the instrument
remains unique in that  i t  is  played without  being
touched!  I t  has two antennae that  propagate low-power,
high-frequency electromagnet ic  f ields.  Each f ield may
be al tered by the performer moving their  hands within
i t .  These al terat ions are then ampli f ied and used to
control  the pi tch and volume of  sounds generated using
a beat-frequency or heterodyning osci l lator.  (The
difference between two supersonic frequencies creates
the audio) .  The pi tch antenna is  a straight  rod on the
right  s ide of  the console,  whi lst  the volume antenna

The theremin.
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curves l ike a shepherds crook and projects horizontal ly  on
the lef t .  From this brief  descript ion i t  is  obvious that  the
instrument needs performers of  extreme ski l l  and a very
good ear for  pi tch,  as there are no physical  guides l ike frets
or keys.  I t  is  probably this factor that  l imited the widespread
use of  the Theremin,  along with the lack of  or iginal  material
for  i t .  Having said that ,  the instrument is  now avai lable again
with digi tal  control  and a decent  MIDI  spec from Bob Moog's
company,  Big Briar!

The twenties and thirt ies saw a number of  other,  largely
unsuccessful ,  instruments being bui l t :  the Ondes Mart inot ,
Dynaphone,  Trautonium, Warbo Format Organ,  Spharophon,
and Givelet .  Typical ly  these were convent ional  keyboard type
machines with a l imited tonal  repertory based around
addit ive synthesis principles v ia sine wave generat ion,
al though some (such as the Warbo Formant Organ)  did al low
for reasonably complex f i l ter ing.  The Givelet  was unusual  in
that  i t  combined electronic sound product ion with control  by
pre-punched tape.  Oscar Vierl ing's Electrochord and the
Miessner piano used str ings to produce sounds,  with movable
capaci tor  pickups al lowing tonal  variat ion.  In 1927 Les Paul
bui l t  his f irst  sol id-bodied electr ic  gui tar.

Signif icant  progress was being made in other quarters.
Electr ical  recording,  gramophones,  and radio had al l
developed hand in hand.  In 1935 the German company AEG
produced the Magnetophon,  the f irst  modern tape recorder.
Although st i l l  of  relat ively  poor qual i ty,  i t  used plast ic  tape
coated with ferrous part ic les as i ts  recording medium. This
was a vast  improvement over the steel  tape used previously:
i t  could be cut  and therefore edi ted,  i t  was much l ighter,  and
much safer.  (Breakages of  steel  tape were notoriously
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hazardous.)  In America Dudley Homer at  Bel l  Labs developed
the Voder,  and then the Vocoder in 1936.  These were offshoots
from the telecommunicat ions industry,  Bel l  Labs being the
research arm of  the American Telephone and Telegraph
company (AT&T).  What the Vocoder did was to analyse speech
sounds using an array of  bandpass f i l ters,  and then generate
a series of  control  vol tages from envelope fol lowers.  The idea
was that  i t  would be these control  vol tages that  would be
transmitted,  rather than the speech i tsel f ,  and these would
then be decoded at  the receiv ing end.  Because these control
signals had a much lower bandwidth than speech,  i t  was
hoped the system would great ly  increase effect ive channel
capaci ty.  Al though of  only l imited use in a purely musical
sense,  the importance of  this work l ies in i ts  relat ion to
acoust ics and psychoacoust ics,  information theory and
sampling theory,  al l  just  around the corner…

Europe.  World War I I  had in i tsel f  been a spur to
technological  innovat ion:  much progress had been made with
radio and radar,  von Neumann and Turing were laying the
foundat ions of  modern computing,  and of  course the atomic
age had been born.  In Europe,  rebui lding was the order of  the
day.

Pierre Schaeffer was an electronics engineer who had r isen
through the ranks at  Radiodi ffusion Television Francaise
(RTF)  in Paris.  As early  as 1942 he had persuaded the
corporat ion to support  research into musical  acoust ics.
Inspired somewhat by the Futurists,  Schaeffer developed the
technique of  recording natural ly  produced sound events,  and
in 1948 embarked upon a series of  composit ions using these
sound events as source material .  Hence the music of  the
'Paris School '  came to be known as Musique Concrete,  and
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the recorded sounds came to be known as Objets Sonores.  On
a theoret ical  level ,  concrete can be taken to represent  the
opposite of  abstract .  To make a paral lel  with paint ing,  we
could say that  a typical  Mondrian or Kandinsky was total ly
abstract .  A Cezanne landscape or Mat isse interior,  on the
other hand,  could be l ikened to objets sonores:  whi lst  they do
not  direct ly  represent  the real  world,  they are nonetheless
del iberately  derived from i t ,  but  transformed by the painter
into something unique,  personal ,  and only 'of  i tsel f ' .

Recording equipment consisted ini t ial ly  of  direct-to-disc
cutt ing lathes.  Schaeffer experimented with removing at tack
port ions of  sounds by manually  manipulat ing a volume
control  between the microphone and the recorder,  s imply not
recording them. He played discs backwards and at  di ffer ing
speeds,  re-recording the results onto another disc.  With the
arrival  in 1951 of  tape machines and a brand new studio,  new
techniques were developed.  The Morphophone was an early
tape echo machine,  with a row of  twelve playback heads
instead of  the usual  one.  Two other machines,  cal led
Phonogenes,  were designed to play back pre-recorded tapes
at  di fferent  speeds;  one had a cont inuously variable pi tch
range,  the other was control led by a convent ional  keyboard.
Some experiments were also carried out  with sound di ffusion,
using a sound project ion aid cal led the potent iometre
d'espace.  This would be used to manually  control  the
movement of  one channel  of  audio on a f ive-track tape.  The
other four tracks were each sent  to  one of  four loudspeakers.
I t  is  interest ing to note here that  rather than providing
'surround sound'  in the arrangement we know as
quadraphonic,  one of  the speakers was placed on the cei l ing,
al lowing the i l lusion of  vert ical  as well  as horizontal
movement to be created.
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In 1948 Dr.  Werner Meyer-Eppler,  then director of  the
Phonet ics Department at  Bonn Universi ty,  was visi ted by
Homer Dudley and given a demonstrat ion of  the Vocoder.
Suitably impressed,  he used the machine in the creat ion of  a
tape i l lustrat ing a lecture on electronic sound product ion.  In
attendance was Robert  Beyer of  North-West German
Radio.The pair  struck up a relat ionship,  with Meyer-Eppler
the theoret ic ian and Beyer the technician.  They were joined
by another inf luent ial  f igure in Germany at  that  t ime,  Herbert
Eimert ,  a  radio producer for  West  German Radio (WDR) in
Cologne,  music cr i t ic ,  and composer.  I t  was he who was
instrumental  in WDR broadcast ing 'The Sound World of
Electronic Music'  in  October 1951.  The programme featured a
discussion and tapes of  sounds 'constructed'  by overdubbing
the simple tones generated by a Melochord (designed by
American Harald Bode) .  On the same day WDR agreed to
establ ish an electronic music studio for  them. In 1953
Karlheinz Stockhausen joined the studio.

The whole approach to the creat ion of  sound and of
composing was radical ly  di fferent  than the Paris School :  in
fact ,  in i t ial ly,  they were diametrical ly  opposed.  Whereas
Schaeffer was taking complex sounds and transforming them,
the Cologne studio affected a 'Year Zero'  approach.  Complex
sounds were laboriously bui l t  up by overdubbing simple
tones,  ini t ial ly  using only the most  basic  equipment:  tape
machines;  a s ingle sine osci l lator;  a  white noise generator;
f i l ters;  and later,  reverberat ion.  Stockhausen describes one
such process during the product ion of  Gesang der Jungl inge,
quoted in Kurtz (1992) :

" I  invented completely  di fferent  processes in which the three
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of us -  myself  and two musical  and technical  col laborators -
each used a di fferent  piece of  equipment.  One of  us had a
pulse generator,  the second a feedback f i l ter  whose width
could be cont inuously changed and the third a volume control
(potent iometer) .  I  drew graphic representat ions of  the
processual  forms.  In one such form, last ing twenty seconds,
for example,  the f irst  of  us would al ter  the pulse speed,  say
from three to fourteen pulses per second,  fol lowing a z igzag
curve;  the second would change the pi tch curve of  the
feedback f i l ter,  in  accordance with another graphic pattern;
and the third -  using yet  another graphic -  would change the
dynamic curve.…So we sat  down to real ise one of  these
processual  forms,  one of  us would count  3 ,  2 ,  1 ,  0 ,  then off
we went.  The stopwatch was running,  and at  the end of
twenty seconds each of  us had to be f inished."

This exact  method of  sound synthesis was also appl ied to
composit ion.  Eimert  based his composit ions on measure and
number;  Meyer-Eppler proposed stat ist ical  composit ional
techniques derived from information theory,  and in his
classes students were encouraged to create texts using
cards,  lot ter ies,  roulet te,  or  telephone directory numbers!
Underly ing i t  al l  were the serial  techniques of  Schoenberg
and,  especial ly  inf luent ial  at  this t ime,  Webern.

Although the Paris and Cologne schools started out  from
opposed posi t ions,  as t ime went on the hardl ine stances were
softened unt i l  a  1967 piece l ike Stockhausens Hymnen is
using al l  avai lable techniques regardless of  their  or igin.
From being a primari ly  studio bound medium many
experiments were carried out  with mixed l ive and electronic
performances,  sound di ffusion scores,  and aleatory
performance scores.  As the 1950's progressed many more
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studios were started:  in 1955 the Studio di  Fonologia
Audizioni  I tal iane in Milan;  in 1956 Japanese Radio (NHK) in
Tokyo;  1957 saw new studios in Warsaw, Munich (Siemens) ,
and Eindhoven (Phi l ips) .  A studio in Stockholm and the BBC's
Radiophonic Workshop in London fol lowed in 1958.

A f inal  word on French composer Edgard Varese.  A unique
and uncompromising personal i ty,  his work is  at  once typical ly
modern and yet  completely  dist inct  from any movement or
school .  His work in the twenties used convent ional  orchestral
resources (of ten scoring unorthodox playing techniques in
order to coax new sounds from tradi t ional  instruments,  and
then adding sirens and a whole scrapyard of  drums and
percussion) ,  culminat ing in Ionisat ion of  1931:  percussion as
pure sound.  For the next  twenty years he composed vir tual ly
nothing,  desperately  try ing to f ind the money to bui ld his own
studio:  he even approached one of  the Hol lywood f i lm
companies.  By the 1950's everyone had caught up with him
and he started composing again;  Deserts of  1951-54 for
orchestra and prepared tapes;  and f inal ly  Poeme
Electronique,  an al l- tape piece commissioned by Le Corbusier
for the Phi l ips Pavi l ion at  the Brussels World Fair  of  1958.
One of  the great  men of  modern music.

America.  The musical  c l imate in America was very di fferent
from that  in Europe.  The war years had seen another inf lux of
intel lectuals and art ists into the country with Stravinsky,
Schoenberg,  Bartok,  Hindemith,  Milhaud,  Krenek,  Mart inu,
and Varese being the most  prominent  names amongst  the
composers.  Perhaps the most  profound effect  of  this was that
i t  lef t  a  vacuum behind in Europe,  which,  as we have seen,
sucked into i t  the most  adventurous and forward-looking of
the new composers and theoret ic ians,  now unhindered by the
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weight  of  tradi t ion.  This European tradi t ion now took root  in
the Universi t ies of  America,  and i t  meant that  for  a long t ime
the establ ished music departments had relat ively  l i t t le  to  do
with the emergent  new music:  that  was lef t  to  the scient ists.

Because America did not  have a state-sponsored radio
network i t  meant that  support  for  electronic music studios
was hard to f ind.  The only place that  had enjoyed consistent ly
supported research into the appl icat ions of  electronics in
music was Bel l  Labs,  the research arm of  AT&T.  The
technological  inf luence of  the scient ists at  Bel l  Labs cannot
be underest imated.  By 1945,  Harry Nyquist  had already
outl ined sampling theory.  In 1947 John Bardeen,  Walter
Brattain and Wil l iam Shockley had invented the sol id-state
transistor,  a  contemporary ' invent ing of  the wheel '  without
which the modern communicat ions revolut ion would not  have
happened.  To put  the cap on i t ,  in  1949 Claude Shannon
publ ished his work on information theory.

Unl ike Europe,  very l i t t le  work was done in America using
tape.  Louis and Bebe Barron had a studio in New York from
1948,  where people such as John Cage and Morton Feldman
became involved in a short-l ived project  cal led 'Music for
Magnet ic  Tape' .  Varese re-worked the tape sect ions for
Deserts here,  but  the studio is  probably most  famous for the
f i lm soundtrack to Forbidden Planet  (1956) .  From 1951
through to 1959 Vladimir Ussachevsky and Otto Leuning
worked on various tape pieces without  ever actual ly  ever
being able to secure enough funds to bui ld a studio.  However
persistence won the day,  and the Rockefel ler  foundat ion
eventual ly  provided $175,  000 for  the foundat ion of  the
Columbia-Princeton Electronic Music Centre.  The system was
to be based around the RCA synthesizer.
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Started in the late 1940's,  the RCA synthesizer was designed
by two electronic engineers Harry F.  Olson and Herbert  Belar.
Apparently  inspired by Shannon's work,  the machine was
designed to generate composit ions based upon stat ist ical
probabi l i ty  and to play them back (monophonical ly) .  The basis
for the composit ional  system lay in the analysis of  the
stat ist ical  characterist ics of  Stephen Foster's folk songs.
Based on vacuum tube technology,  the machine generated
sound via sets of  tuned osci l lators,  f i l ters,  LFO's,  and
resonators:  two control  channels were avai lable.  Everything
was control led from a punched paper tape,  which was
manufactured via a typewriter-style keyboard.  Each tape had
36 columns of  information (= 36 rows of  holes) ,  18 for  each
control  channel .  Once running,  electr ical  contacts were made
between a brush and a drum through the punched holes.  The
machine had direct  outputs to loudspeakers,  and the results
could be recorded onto a direct-to-disc cutt ing lathe.  Version
2 (1959)  had expanded voice faci l i t ies,  now control led by two
synchronised paper tapes,  and had a four-track tape machine
instead of  the cutt ing lathe.
As a synthesizer,  the machine was very l imited.  As a
composit ional  tool  i t  was deeply f lawed by the superf ic ial
level  of  the analysis of  the songs,  especial ly  the rhythmic
aspects.  Inputt ing material  was presumably laborious,
def ini tely  non-interact ive:  and l ike Cahi l l 's  Telharmonium in
i ts  own t ime,  i t  was already a technological  dinosaur.  What is
interest ing about  the machine is  that  i t  is  the f irst  'music
workstat ion' ,  bundl ing sound manipulat ion,  note (event)
sequencing,  and master recording,  al l  into one central ly
control led unit .  Great  idea,  shame about  the music!

Meanwhile,  back in Bel l  Labs,  v iol in-playing electr ical
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engineer Max Mathews was beginning what  was to become
the mainstream of  the American new music.  In 1957,  using an
IBM 704 valve computer,  Mathews developed a program cal led
MUSIC I :  i t  generated an equi lateral  tr iangle waveform which
was converted into audio by an Epsco 12-bi t  vacuum tube
digi tal-to-analogue converter (DAC).  The user could speci fy
pi tch,  ampli tude,  and durat ion for  each note.  From this
incredibly  primit ive beginning ( i t  must  have seemed amazing
at  the t ime…) Mathews quickly developed MUSIC I I  and then
MUSIC I I I  in  1960.  MUSIC I I I  was notable in that  i t  was wri t ten
for the f irst  transistorised computer,  the IBM 7094.  I t  was
also the f irst  to  introduce the concept  of  the unit  generator.
These were basic 'bui lding blocks'  corresponding to the
funct ions now commonly associated with analogue
synthesizers,  such as osci l lators,  adders,  noise generators,
and at tack generators:  thus the user could bui ld up their  own
orchestra,  as Mathews termed i t .  The main problem
associated with computer music was the vast  amount of  data
that  had to be input  by the user to generate an event .  In order
to speci fy  a part icular sound at  a  sampling rate of  30 kHz,  for
example,  30,000 numbers would have to be suppl ied every
second to determine the pressure f luctuat ions alone.  Mult iply
this by the number of  other parameters that  are needed for
f i l ters,  LFO's,  pi tch changes,  and the l ike,  mult iply  i t  again
for the number of  voices used,  and then mult iply  i t  again by
the number of  seconds that  elapse whilst  the piece
plays…and al l  this had to be input  from a QWERTY keyboard.
Should there be any mistakes,  or  should the results not  be
quite what  was intended,  i t  would have to edi ted and re-
computed.  We are in deepest  Truax terr i tory:  these are the
ult imate in 'weak' ,  general  systems, where l i teral ly  every last
detai l  of  a  sound has to be determined and encoded.  Unit
generators were one way of  al leviat ing the problem by having
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'off  the shelf '  modules at  the users disposal ,  making the
system 'stronger'  at  the expense of  some f lexibi l i ty.

A whole range of  other systems were developed on
mainframe computers at  Universi t ies throughout America,
almost  al l  based on Mathews original  model .  In general  the
music that  came out  of  these studios could be said to be
primari ly  concerned with texture and t imbre,  having relat ively
few 'note-events' .  Extensive research was carried out  on the
analysis and resynthesis of  instrumental  t imbres,  and later
developments al lowed the digi tal  sampling of  natural  sounds
using an analogue-to-digi tal  converter (ADC),  and at  Stanford
John Chowning developed a synthesis technique cal led
Frequency Modulat ion (FM).  As computer processing power
increased so the systems became more sophist icated,
al lowing input  from piano-type keyboards,  graphic displays of
information,  cross-system portabi l i ty,  and easier
programming.

A good example of  a  mature computer music piece is  Mike
McNabb's Dreamsong,  real ised at  the Centre for  Computer
Research in Music and Acoust ics (CCRMA) at  Stanford.  The
piece took two years to complete,  and employs techniques
such as FM, sung vocal  processing and resynthesis,  and
addit ive synthesis,  with crowd and speech sounds processed
by f langing,  comb-f i l ter ing,  Doppler shi f t ing,  and panning.
The program used is  MUS10,  a descendant  of  Mathews'  MUSIC
IV,  computed on a DEC KL-10 mainframe. Unit  generators are
st i l l  in  evidence.  The voice sounds were recorded digi tal ly
and analysed:  in the f inished piece the original  recording and
the resynthesised voice are both used.  Stunning sonic
transformation are made between bel ls  and voices,  voices
and other purely synthet ic  sounds.  There is  a l imited amount
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of harmonic material ,  but  on the whole the piece f lows
organical ly,  " from the real  world to the dream realm of  the
imaginat ion,  with al l  that  impl ies with regard to transi t ions,
recurring elements,  and the unexpected" (McNabb 1981) .

In 1964,  Robert  Moog presented a paper ent i t led 'Vol tage-
Control led Electronic Music Modules'  at  the annual  convent ion
of  the Audio Engineering Society  (AES).  This became the
blueprint  for  a whole new generat ion of  relat ively  affordable,
portable,  synthesizers.  The miniaturisat ion of  the electronic
components that  had been made possible by transistors
al lowed Moog to develop the concept  of  a  modular synthesis
system. These modules could then be 'patched'  together in
user-determined combinat ions,  the common l ink between
them being control  vol tages (cv's) .  Very quickly other
companies (Buchla,  EMS, ARP) picked up on the idea,  and for
the f irst  t ime electronic synthesis reached the general  publ ic .
The machines were general ly  of  two types:  large systems
which tended to have the keyboard and electronics separate,
and modules which had to be physical ly  patched together with
leads;  and much smaller machines with a hard-wired control
f low and a 21/2 or 3 octave keyboard bui l t  in .  An example of
the former would be the Moog 3C;  an example of  the lat ter
the MiniMoog.  They were al l  monophonic,  with non touch-
sensit ive keyboards;  they tended to be unrel iable;  most  had
problems with osci l lators dri f t ing out  of  tune.  From a purist
point  of  v iew, another problem could be that  the mass
product ion of  these machines defeated the purpose of  having
a synthesizer.  There were now studios and indiv iduals the
length and breadth of  the country with ident ical  machines:
with mass product ion came the idea of  manufacturers
dictat ing a single design pol icy.  In pract ice,  the vast  majori ty
of  commercial  machines were subtract ive synthesizers,  using
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fi l ters to remove harmonic material  from relat ively  complex
wave shapes such as sawtooth,  square,  and tr iangle.

Development of  this type of  'analogue'  synthesis,  as i t
became commonly known, cont inued throughout the 1970's.
The market  came to be increasingly dominated by Japanese
manufactured instruments.  Synthesizers became polyphonic,
and just  as they were becoming unwieldy they developed
digi tal  control .  This was primari ly  dependent upon
mult iplexing,  yet  another telecommunicat ions spin-off  that
al lowed a single processor to do lots of  jobs (as opposed to
lots of  processors al l  doing one job each,  which was far too
cost ly) .  Digi tal  control  in i ts  turn brought with i t  voice
memories,  stable osci l lators,  increased polyphony,  and,
eventual ly,  d igi tal  communicat ion:  MIDI .

This is  not  to  say that  there was no common ground between
the essent ial ly  academic/  scient i f ic  world of  computer music
and the increasingly 'pop'-oriented market  of  analogue
synthesis.  In 1970 our old fr iend Max Mathews developed
GROOVE, a hybrid system consist ing of  a  'minicomputer'
connected to and control l ing an analogue synthesizer.  What
made i t  so interest ing was that  i t  was an at tempt to solve the
problems of  performer interact ion with a computer system.
Composit ions could be made in the normal way.  What the
system then encouraged the user to do was to play back the
composit ion,  at  the same t ime recording performance
gestures enacted via a joyst ick and rotary control lers.  These
performance gestures could then be edi ted i f  necessary,  a
process which was aided by a graphic display.  The emphasis
throughout was that  of  interact ion.

Another interest ing system was MUSYS I I I ,  developed in
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London by Peter Zinovieff  using the prof i ts  made from his
EMS company.  The system used two PDP 8 computers
control l ing a bank of  252( ! )  osci l lators,  64 band-pass f i l ters,
12 tuneable f i l ters,  a  white-noise generator,  a  percussion
generator,  9  digi tal ly  control led amps,  envelope shapers,  plus
a whole array of  manually  control led equipment l ike r ing
modulators,  f i l ters,  and reverb units.  Information could be
input  v ia a normal keyboard,  QWERTY keyboard ,  or  a special
console with a 'spinwheel '  that  could be used to manipulate
the sequencer register posi t ion.  This incredible system was
dismantled in 1979 through lack of  funds,  with only a handful
of  works having been completed on i t .

Example 1:  Sequential  Circui ts  Pro-1.  Sequential  Circui ts
were a well-respected and innovat ive American synthesizer
manufacturer,  releasing the Pro-1 in 1981.  I t  is  a small
monophonic subtract ive synthesizer,  comparable with the
MiniMoog or Roland SH-101 in terms of  voice archi tecture and
features.  Measuring 65 x 40 x 12 cms,  the frame of  the
machine is  made from a single piece of  folded steel ,  which
has been covered with some sort  of  black vinyl .  A 3-octave
non touch-sensit ive keyboard si ts  in the front ,  with pi tch-
bend and modulat ion wheels to the lef t :  a l l  ' feel '  pret ty  awful .
The black control  panel  is  made of  f ibre board and is  s imply
dropped into the frame and held in place with four screws:
the electronics are mounted on the back of  the panel ,  with i ts
array of  knobs on the front .  The knobs are al l  absolutely
ident ical  to  one other,  and laid out  'by module' .  For example,
the f i l ter  controls are grouped together and 'roped off '  with a
white band on the panel .  Each indiv idual  control  within the
group is  label led.  The groups themselves are laid out  to
represent  a control  f low from lef t  to  r ight  across the panel ,
with the except ions of  the modulat ion and master control

The Sequential  Circui ts Pro-1
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(volume and tuning)  groups,  which act  as bookends.  The
machine is  f inished off  by screw-on wooden end-pieces,
serving no funct ion other than aesthet ics.  Al l  in  al l ,  this is  a
seriously tacky piece of  equipment!

The low bui ld qual i ty  is  compensated for  in other ways:  i t
sounds excel lent .  The Pro-1 has two beaut i ful ly  warm
sounding audio osci l lators,  an excel lent  resonant  f i l ter,  a
single LFO with extensive rout ing capabi l i t ies,  gl ide,  and a
primit ive but  nonetheless useful  sequencer/  arpeggiator.  I t
suffers from the usual  problem of  tuning dri f t :  the owner tel ls
me has has to regularly  take off  the front  panel  and manually
adjust  the osci l lators.  The Pro-1 also has a reputat ion for
unrel iabi l i ty.  But  the beauty of  this type of  machine is  that
any and al l  edi ts  can be made immediately,  and words l ike
interact ive,  intui t ive,  and 'enjoyable'  spring to mind when
using i t .  In  psychological  terms,  the machine puts a very
small  load on working memory.  Single funct ions are
represented by single control lers;  whi lst   playing,  movement
can be created in sounds by control  manipulat ion;  immediate
audio feedback al lows you to get  the sound just  so,  in a way
that  normally  isn' t  possible with digi tal  machines.  In this
respect ,  control  int imacy is  very high.  However,  the lack of  a
touch sensit ive keyboard and the appal l ing control ler  wheels
on this part icular synthesizer count  against  i t .  In  terms of  the
general i ty  v  strength dichotomy we would say this machine is
very strong.  I t  does a l imited number of  things,  but  al lows the
user to do them quickly and easi ly.

The manual ,  by Stanley Jungleib,  is  very well  wri t ten.  There
are voice and modulat ion f low charts,  good pictures,  and a
circui t  d iagram. Factory presets in the shape of  control  panel
layouts are given at  the back,  and blanks are provided for the
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users own sounds.  There is  even a bibl iography.  There are
things missing that  I  would l ike to have seen.  First ,  an
overview of  the way the instrument works,  including some
discussion of  the idea of  subtract ive synthesis (a phrase
which doesn't  occur in the manual) .  Second,  a glossary
explaining the meaning of  al l  the technical  terms,  and for
obvious reasons:  the considerable problems encountered
nowadays in this area must have been worse ten years ago
when the technology was new.

Summary.  The twentieth century has seen an unprecedented
accelerat ion in the rate of  technological  change.  This has
transformed society  and,  as a result ,  changed the way art ists
work.  For the musician,  usable and affordable technology in
the form of  tape machines and primit ive synthesizer systems
did not  arr ive unt i l  the 1950's.  Most  of  the core research was
completed in America,  especial ly  at  Bel l  Labs.

The mainstream of  European new music became centred
around state-owned radio stat ions,  and ini t ial ly  focussed on
composit ion using magnet ic  tape.  The two main studios in
Paris and Cologne had very di fferent  theoret ical  out looks to
start  with,  but  soon coalesced within a much broader concept
of  Electro-Acoust ic  Music.

In America the emphasis was on computers in music,  both as
an analysis/  resynthesis tool  and as a composit ion medium.
Development in the musical  domain therefore became very
closely l inked to,  and dependent upon,  new discoveries in
computing and the telecommunicat ions industry in general .
Thus as computers became smaller and faster,  and as
memory grew, so the music i tsel f  became more complex and
technological ly  demanding.  The paral lel  development of
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modular synthesizer systems al lowed mass product ion,
bringing with i t  a  certain homogenisat ion of  techniques.

Digi tal  electronics had by the late 1970's reached the point
where i t  became cheap enough and small  enough to start
appearing in commercial ly  avai lable synthesizers as a control
mechanism. The next  stage was the total ly  digi tal  instrument.

4 :  MIDI  and Beyond  In this sect ion we look at  the events leading
up to the introduct ion of  the f irst  off ic ial  MIDI  spec,  plus
some discussion of  the technical  issues involved.  A brief
history of  Japan's economic recovery since the World War I I
is  included,  hopeful ly  shedding l ight  on some of  the forces
that  have gone towards shaping the contemporary
synthesizer.  Where appropriate,  examples i l lustrate this
cont inued development.  Final ly,  some suggest ions are made
concerning possible future direct ions.

MIDI .  Sometime at  the beginning of  1981,  the idea was in the
air  that  synthesizers could be designed that  would have
control  faci l i t ies enabl ing them to ' talk'  to  each other,  in the
same way that  computers did.  Someone at  Roland spoke to
someone at  Oberheim who eventual ly  spoke to Dave Smith,
then president  of  Sequential  Circui ts .  In October of  1981 he
made a proposal  at  the AES convent ion for  a Universal
Synthesizer Interface (USI) .  I t  speci f ied a serial  data format
at  19.2kBaud (19,  200 bi ts  per second) ,  with connect ions via
standard quarter-inch jack plugs.  This was fol lowed up by a
meeting at  the January 1982 Nat ional  Associat ion of  Music
Merchants (NAMM) show of  almost  al l  the current  synthesizer
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manufacturers,  American and Japanese,  expressly to discuss
the USI .  Opto-isolat ion was added,  to  prevent  ground loops,
and the serial  rate was upped to 31.25kBaud to try  and
el iminate t iming delays inherent  in a serial  system. Then,
strangely,  the American companies seemed to lose interest  in
the idea,  and Smith then carried on development primari ly
with the Japanese companies,  especial ly  Roland.  They
suggested an extension of  the USI  standard that  included the
separat ion of  data and status bytes,  and for a while i t  became
known as the Universal  Musical  Instrument Interface (UMII ) .
Smith eventual ly  came up with Musical  Instrument Digi tal
Interface (MIDI) ,  part ly  on the basis that  some legal
complicat ion would be l ikely  using UMII .  MIDI  was publ ic ly
announced in Bob Moog's column in October 1982's issue of
Keyboard magazine.  At  the January 1983 NAMM show, a
Roland JP-6 was successful ly  hooked up to a Sequential
Circui ts  Prophet  600:  al l  very symbol ic .

The f irst  off ic ial  MIDI  spec was released in August  1983.
Brief ly,  MIDI  is  an open ended system of  serial  transmission.
Information is  div ided into two classes,  data and status,  and
is always sent  in byte-sized chunks.  The ini t ial  speci f icat ion
was primari ly  to  transmit  note-on and note-off  information:  in
other words i t  was designed to be an event-oriented system.
Since i ts  incept ion i t  has cont inued to be expanded,  with
features such as MIDI  Time Code (MTC) for  synchronisat ion
purposes,  MIDI  song f i les,  sample data-dump standards,  and
more recently  the def ini t ion of  real-t ime control ler  numbers
for t imbral  modif icat ions.

The main problem level led at  MIDI  has been serial
transmission induced delays.  At  the most  basic  level ,  notes
struck simultaneously on a keyboard wil l  become serial ised
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within the data stream, with the effect  that  temporal
smearing occurs.  This has been discussed at  some length in
Moore (1988) ,  and in part icular he demonstrates that  for
accurately  capturing the information generated by a ski l led
human performer the MIDI  bandwidth is  too low. There is  a
certain implicat ion in this piece that  i f  synthesizers were ever
to approach the level  of  control  int imacy enjoyed by an
expressive acoust ic  instrument,  then i t  would far  exceed
MIDI 's  channel  capaci ty.  In pract ice,  this level  of  detai led
t imbral  control  is  rarely  used:  a chicken and egg si tuat ion?

In pract ice,  MIDI  delays remain below the level  of  percept ion.
A typical  system with many MIDI  channels being run from a
sequencer has a resolut ion suff ic ient  for  most  purposes.  With
a MIDI  command normally  requir ing 32 bi ts ,  and with MIDI
running at  31.25kBaud,  i t  is  capable of  resolving successive
events to approximately 1ms.  Lennard (1992)  has shown that
a far  more signi f icant  t iming error is  being generated by the
synthesizers themselves:  the delay between them receiving a
note-on command and actual ly  generat ing a sound.
Depending on the machine,  delays of  between 2 and 14ms
were recorded when playing a single sound;  in mult i- t imbral
mode,  however,  these rose to between 14 and 40ms!

Example 2:  Yamaha DX7.  Al though released only two years
after the Pro-1,  the DX7 seems to come from another
technological  era al together.  The f irst  mass produced al l-
digi tal  synthesizer,  i t  remains to this day the best  sel l ing
synth ever.  I t  is  a very unusual  dark green colour,  and comes
in a pressed steel  casing which hinges at  the back.  The top is
held down with four large screws,  c learly  v is ible,  a  strangely
anachronist ic  detai l .  I t  measures 102 x 33 x 10cms, and
weighs in at  a  massive 14.2kg.  There is  a 2-l ine 16 character

Yamaha DX7.
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Liquid Crystal  Display (LCD) and a 2-digi t  Light  Emit t ing
Diode (LED).  Apart  from the data entry and master volume
sl iders,  al l  other front  panel  funct ions are accessed by
membrane switches.  I t  is  equipped with a spartan MIDI  spec
that  only al lows transmission on Channel  1 ,  but  i t  has the ful l
complement of  In,  Out ,  and Thru ports.  The 5 octave keyboard
is excel lent ,  and is  both veloci ty  and af ter-touch sensit ive.  I t
is  16-note polyphonic,  which must have seemed miraculous in
1983.

The operat ing system of  the DX7 is  div ided into four modes,
each accessed by their  own dedicated funct ion button:  Play,
Edi t ,  Funct ion,  and Store.  Once in a mode,  the 32 membrane
switches to the r ight  hand side of  the display cal l  up the
individual  parameters.  For instance,  in Edi t  mode there are 6
switches to turn the operators on and off ,  a  switch each for
LFO wave,  speed,  delay,  PMD (= frequency deviat ion) ,  AMD (=
depth modulat ion) ,  and sync;  and so on.  Each of  the mode
buttons is  a di fferent  colour:  Play is  green,  Edi t  is  blue,
Funct ion is  brown, and Store is  red.  The 32 switches on the
right  each have three sets of  labels ( the fourth,  Store,  doesn't
use any of  these switches) ,  with each of  the labels related to
a mode by colour.  So in Edi t  mode a switch does what  the
blue label  wi l l  says i t  wi l l  do,  and in Funct ion mode i t  does
what the brown labels says,  etc .

The interface is  actual ly  very good!  Because there are lots of
switches,  the operat ing system is 'broad but  shal low'.  You
don't  have to keep digging down within a software hierarchy
to adjust  a parameter:  almost  everything is  one switch away.
Almost  al l  the information you're l ikely  to  need is  displayed
on the front  panel  in a well-organised format.  You don't  ever
have to remember the indiv idual  funct ions of  the switches.
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Data entry can al l  be carried out  with the sl ider,  and also i t 's
possible to assign the mod wheel  for  this purpose.  I
personal ly  even l ike the membrane switches,  great  for
running your f inger down. Overal l  the machine manages to
str ike a reasonable balance between general i ty  and strength,
great ly  helped by i ts  monot imbral i ty  which l imits i t  n icely.

I t  isn' t  perfect :  the LCD is not  back-l i t ,  l imit ing the v iewing
angle considerably.  Once programmed, i t  is  not  real ly
possible to interact  with sounds.  The potent ial ly  very
interest ing ( in terms of  control  int imacy)  breath control ler  is
l imited to boring old LFO depth.  The colour coding on the
front  panel  is  well  implemented only providing you recognise
i t  as being a code:  the person who gave me access to this
machine didn' t .  Even so,  why has this machine got  the
reputat ion for  being hard to program? The answer l ies in the
synthesis system i tsel f .

The DX7 produces i ts  sounds using FM, a technique developed
by John Chowning at  the Stanford Art i f ic ial  Intel l igence
Laboratory.  At  i ts  most  s imple,  FM consists of  the modulat ing
together of  two sine waves:  i ts  beauty is  this economy of
means.  On the DX7 these sine waves are generated using 8-
bi t  wave tables.  One wave is  cal led the carrier,  the other the
modulator.  A carrier,  then,  is  modulated (reasonably enough)
by a modulator,  and the amount of  frequency deviat ion
generated in the carrier is  dependent upon the ampli tude of
the modulator.  From this,  another measure cal led the
Modulat ion Index is  calculated,  from the peak deviat ion in the
carrier being div ided by the frequency of  the modulator.  For
values above 0,  harmonic spectra are generated equal ly
ei ther side of  the carrier  frequency.  As the modulat ion index
increases,  so does the bandwidth of  the generated spectra:
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energy is  'stolen'  from the carrier and distr ibuted amongst
the harmonics.  The problem is that  increasing the modulat ion
index l inearly  does not  bring about  a similar l inear increase
in the ampli tudes of  the harmonics.  These are determined by
Bessel  Funct ions,  and they progress in a decidedly non-
intui t ive way.

The only way to real ly  get  to  grips with FM programming is
with experience,  and plenty of  i t .  I t  is  interest ing to see that
Yamaha have to a certain extent  given up on FM, and most  of
their  current  synthesizers are hybrid instruments with large
sample memories and a much watered-down FM capabi l i ty.

The original  DX7 manual  is  a brief  30-page affair.  There is  a
bare-bones descript ion of  FM that  could do with some f lesh
on i t .  There is  no explanat ion of  technical  terms and no
mention of  the control  panel  colour coding.  A brusque dash
through "Let 's  actual ly  create a sound" and that 's  i t…

Far better is  'The Complete DX7 ' ,  by Howard Massey (1986) .
Massey teaches at  the Publ ic  Access Synthesizer Studio in
New York,  and this book was developed from his courses
there.  I t  shows.  Chapter 1:  Basic Audio Theory;  Chapter 2:
Front  Panel  Operat ion;  Chapter 3:  The Operator;  this is  more
l ike i t !  There is  a quick reference guide,  good pictures,  and
each chapter includes a number of  hands-on exercises
ranging from 'Brightening sound of  E.  Piano 1'  through to
'Animating a sound by using a carrier  in sub-audio f ixed
frequency' .  The only blot  in his copybook is  that  there is  no
glossary.

Japan since 1945.  Since the introduct ion of  MIDI ,  the
Japanese manufacturers have dominated the 'hi-tech'  music
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market .  So much so,  that  i t  is  now impossible not  to  v iew
most contemporary synthesizers as 'Japanese objects' ,  which
is certainly  strange in v iew of  their  Western development
history.  Of  course,  looking more widely we can see Japanese
manufactured objects al l  around us:  TV's,  VCR's,  radios,  tape
decks,  microwaves,  CD players,  cars,  plant-hire equipment,
generators,…you name i t .  I t  is  interest ing to note that
absolutely  al l  of  this is  dependent upon micro-electronics,
ei ther direct ly  or  indirect ly :  those objects that  are not
electronic in nature owe their  bui ld and qual i ty  to  Computer
Aided Design (CAD) techniques and Computer Aided
Manufacturing (CAM).  How? Why?

On the 15th of  August ,  1945,  Japan surrendered to America
and brought to  an end World War I I .  Japan's c i t ies and
industr ies had been al l  but  destroyed by bombing.  There was
virtual ly  no food because of  their  heavy rel iance on imports,
no ski l led labour,  and no raw materials.  Under General
MacArthur,  the Americans assumed power,  and almost
immediately  began to pump aid into the country,  part ly
because of  the fear of  Chinese Communism: the Americans
wanted a Far Eastern base.  $2 bi l l ion went into industry.  They
provided new technology,  machinery,  and manufacturing
processes,  and in 1950 a stat ist ic ian named W. Edwards
Deming was sent  to  Tokyo to supply management and qual i ty
control  training.  Deming and the Japanese were made for
each other,  and they inst inct ively  understood the things he
was teaching.  Vir tual ly  s ingle-handedly Deming introduced
the 'qual i ty  revolut ion'  into Japanese manufacture,  and with
this went a whole phi losophy about  how companies can be
run by worker involvement,  cooperat ion,  i terat ive product
improvement,  f lexibi l i ty,  and an innovat ive approach to
problem solving.  The key phrase is  integrated manufacture.
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This f i t ted neat ly  with the tradi t ional  Japanese work ethic ,
derived from Buddhist  and Confucian ideals of  loyal ty,
respect ,  and pride in ones work.

Another crucial  factor in the rebui lding program was the
Ministry of  Internat ional  Trade and Industry (MITI ) ,  which had
overal l  control  of  al locat ing government monies.  In 1950 MITI
drew up a shopping l ist  of  preferred Western technologies,
and over the next  15 years they steadi ly  bought up l icences
and patents,  with communicat ions as one of  i ts  prior i t ies.  The
emphasis was on miniaturisat ion and qual i ty,  miniaturisat ion
being part icularly  important  because of  export  costs.  By the
early  1960's companies such as Sony were making inroads
into the American market  with things l ike transistor radios
and portable TV's.  By 1962 Japan's economy had overtaken
that  of  Bri tain,  and by 1967 West  Germany's (Evans 1991) .  The
oi l  cr is is  of  1973,  however,  sent  shudders through i t .  Because
they rely  almost  exclusively  on the import  of  raw materials
and fuels,  the soaring cost  of  o i l  threatened to hal t  the
recovery.  The shipbui lding industry was destroyed,  but  those
out  of  work were immediately  re-trained in new industr ies.
The government made a conscious decision to get  out  of
heavy industry al together,  and manufacturing was henceforth
to be concentrated almost  exclusively  on small ,  high value,
high technology,  low material  cost  products for  the export
markets.

During the 60's and 70's the Americans led the f ield in
computing and semiconductor technology,  but  most  of  the
work was carried out  in the service of  e i ther the mil i tary or
the space programme. MITI  has since inst igated the creat ion
of  a ful ly  Japanese semiconductor industry:  in  1976 they
appl ied considerable pressure to the top f ive  electronics
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companies (Fuj i tsu,  NEC,  Hi tachi ,  Toshiba,  and Mitsubishi
Electr ic)  to  cooperate in developing high qual i ty  and powerful
semiconductors for  household and ordinary consumer use,
and stressed the importance of  becoming involved in the
'knowledge intensive'  industr ies.  As a direct  result  of  this,
the sort  of  equipment now avai lable on the Japanese
domestic  market  is  mind boggl ing:  hand-held photocopiers;
the "Animan" robot ic  pet ;  a  palm-top computer with a touch
screen and fax faci l i t ies;  a  TV with a 250cm razor sharp
colour LCD screen;  and now avai lable in England is  a hand-
held Geographical  Posi t ioning Satel l i te  (GPS) receiver,  that
wil l  tel l  you where you are on Earth down to the nearest  ten
yards!

The point  is  this:  there is  no excuse for the type of  non-
interact ive,  inert ,  unmusical  synthesizer designs we are used
to.  They have the technology.

Example 3:  Korg Wavestat ion.  Korg have two R&D centres,
one in Tokyo and one in San Jose on America's West  Coast .
The San Jose centre is  peopled with engineers who used to
be with Ensoniq and Sequential  Circui ts .  ( I t  is  ironic that
Sequential  Circui ts  went bust  not  long af ter  the incept ion of
MIDI . )  The Korg Wavestat ion was part ly  developed at  the San
Jose centre under the direct ion of  none other than Dave
Smith,  and the instrument owes a debt  to  Sequential   Circui ts
'VS'  synthesizers.

The Wavestat ion is  designed to be purely a synthesizer,  in
that  i t  has none of  the trappings of  the ubiquitous
'workstat ions' :  no sequencer,  no disk drive,  no drum patches.
What i t  has instead are two unusual  synthesis techniques,
cal led Vector Synthesis (hence 'VS')  and Wave Sequencing.

Korg Wavestat ion.
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Vector synthesis rel ies on the dynamic control  of  osci l lator
ampli tude,  carried out  by a four-pole isotonic joyst ick
mounted on the top lef t  of  the front  panel .  At  i ts  most  s imple,
one each of  the four osci l lators ( in real i ty  samples)  are
assigned to a pole:  moving the joyst ick modulates the
respect ive ampli tudes.  I t  is  also possible to program in mix
envelopes;  these al low the user to adjust  the mix percentages
at  predetermined points using a graphic display.  Whilst
simple to actual ly  do,  the principle is  somewhat obscure,  and
is not  helped in this case by an unhelpful  descript ion in the
otherwise very good manual .  As is  so of ten the case,  the user
is told how to do something,  but  not  actual ly  why they might
want to do i t ,  or  what  i t  wi l l  achieve.  Another cr i t ic ism of  the
vector synthesis on this machine is  that  i t  is  not  control lable
over MIDI ,  as i t  is  on the Yamaha SY22 for  instance.  This is  a
shame, effect ively  l imit ing i ts  use to on-stage performance:
recordable and edi table performances in a studio sett ing
would be equal ly  desirable.

Wave sequencing al lows the sort  of  sonic transformations
discussed with Mike McNabbs Dreamsong.  The Wavestat ion
lets the user chain together up to 255 separate waveforms
and set  cross-fade t imes between them, also al lowing pi tch-
shif t ing,  detuning,  durat ion,  loop points etc . ,  with each Patch
al lowing 4 wave sequences to be layered together:  and i t  can
be synced to MIDI .  Al though sample based,  playing higher
pi tches does not  result  in  them 'shortening' ,  as powerful  DSP
algori thms manipulate the sample data in real-t ime to keep
their  durat ions even.  Incredible stuff .  Occasional ly  small
gl i tches can be heard,  but  on the whole the 49mHz 20-bi t ( ! )
processor manages to keep up.

Another excel lent  feature of  the Wavestat ion is  that  i t  has two
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completely  programmable mult i-effects units inside i t  which
can be used ei ther in series or paral lel ,  and i t  is  16-part
mult i- t imbral .  I t  has an exhaust ive MIDI  spec and a very good
keyboard,  which is  veloci ty  but  not  af ter-touch sensit ive.  I t
responds to key pressure,  which l ike the mod wheel ,  is
assignable to almost  anything (such as f i l ter  cut-off ,  LFO,
effects etc . )

Given such complexi ty,  the Wavestat ion is  a potent ial  user-
interface disaster area.  Fortunately  the designers have done
a very good job.  The front  panel  is  pretty  minimal,  and apart
from the joyst ick the other obvious feature is  a rotary
encoder,  which with the ten key pad and the Inc/Dec buttons,
al lows data entry to be carried out  in three di fferent  ways.
Apart  from master volume and the cursor buttons,  almost
everything else is  carried out  in software,  and access to that
is  v ia a large pale-blue back-l i t  LCD with a set  of  associated
'soft '  keys underneath i t .  The LCD is 64 x 240 pixels,  and
offers 8 l ines of  40 characters each.  The software is  superb:
i t  is  consistent ,  wel l  developed,  and perfect ly  logical .  There
are lots of  l i t t le  shortcuts,  parameter macros,  graphic
displays,  and other si tuat ion-speci f ic  sof tware tools:  the
Jump/ Mark faci l i ty,  for  instance,  al lows you to save six user
sett ings.  Thanks to the LCD, the pages are large enough to
get  meaningful  chunks of  information on.  I f  there is  a
problem with the interface then i t 's  the cursor buttons.
Mounted to the lef t  of  the display,  they are four separate
arrow shaped buttons point ing up,  down, lef t ,  and r ight .  In
operat ion,  the user has to look away from the display every
t ime a cursor movement has to be made to f ind the r ight
button,  which is  very annoying and distract ing.  I t  is
interest ing to note that  the module version of  the
Wavestat ion,  released some t ime later,  has replaced these
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buttons with a single four-way rocker switch (very similar to
the control ler  on a Nintendo Game Boy!)

OK,  so I  l ike i t .  I t 's  a beaut i ful ly  designed and bui l t  object .  In
terms of  appl ied technology,  the Wavestat ion is  as far  ahead
of  the DX7 as the DX7 is  ahead of  the Pro-1.  I t  is  far  too easy
to take for  granted the almost  miraculous level  at  which
modern electronics operates.  But  i t  has to be said that  as a
musical  instrument the Wavestat ion leaves a lot  to  be
desired.  In terms of  the Truax dichotomy,  i t  is  st i l l  far  too
'general ' .  The vector synthesis and wave sequencing
capabi l i t ies are not  part icularly  compatible;  one is  sui ted to
l ive performance,  one to studio work.  In which case,  why not
have them in separate machines? In the case of  the vector
synthesis,  removing mult i- t imbral i ty  and wave sequencing
would leave a vast  computat ional  potent ial  for  interact ive
performance control lers,  extra large sample memory,  whizzo
effects units,  or  whatever.  In other words,  design a
performance synthesizer.  Removing vector synthesis,  keeping
wave sequencing and mult i- t imbral i ty,  would at  least  al low
for the inclusion of  a  decent  f i l ter  with resonance (which i t
doesn't  have at  present) .  Maybe have some of  the f i l ters
controls synced to MIDI  also,  l ike LFO speed or envelope
parameters.  Again,  the detai ls  are unimportant ,  but  design a
special ised studio-based system that  ref lects current  pract ice
in that  area.

I t  is  as i f  every new design has to be al l  things to al l  men al l
of  the t ime,  rather than designing machines that  ful f i l  a
speci f ic  and unique funct ion.  Also much current  instrument
design is  incredibly  conservat ive,  based on ideas that  date
from the early  days of  MIDI .  Things have changed drast ical ly
since then:  with computer sequencing packages having
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become so sophist icated,  and computing power relat ively
affordable,  how many people real ly  want a sequencer-
equipped synthesizer? And how many people want a
synthesizer with which one can edi t  every last  minute detai l?
There are far  too many general ,  weak,  systems being bought
and sold:  there is  a yawning gap for a musician-oriented,
quick-edit ,  powerful ,  interact ive,  and control  int imate
synthesizer.

…and Beyond.  Here's one I  prepared earl ier :  this imaginary
synthesizer is  a monot imbral  performance synthesizer.  I t  has
4 Meg of  ROM-based samples as i ts  sound sources,  with each
Patch made up of  4  such sources.  256 on-board Patches are
stored in volat i le  RAM, with the provision for  two card slots
adding a further 128.  The 7 octave keyboard is  veloci ty,  af ter-
touch,  and pressure sensit ive.  Pressure and mod wheel  wi l l
be ful ly  assignable control lers.  The usual  pi tch-bend wheel .
Sustain and volume pedals would be suppl ied as standard.  I t
would be black.

The front  panel  is  centred around a large 12 l ine 40 character
colour LCD. To the r ight  of  this is  a rotary encoder,  and to the
lef t  a  trackerbal l .  A master volume sl ider is  off  to  the far  lef t .
Beneath the display are f ive 'semi-soft '  keys.  A 'compare'
button is  beyond the top lef t  of  the display,  an 'exi t '  button to
the bottom right .  A larger (red?)  'save'  key is  below and to
the r ight  of  the rotary encoder.  To the lef t  and r ight  below the
trackerbal l  are a set  (say 12)  of  large and clearly  label led
buttons (akin to drum-machine pads) ,  each with an
associated LED. Only one of  these may be act ive at  any one
t ime.
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Powering up,  the machine would immediately  be in Play
mode.  Sounds would be selected via the rotary encoder.
Because there would be no 'bank'  system, simultaneously
pressing the 'exi t '  button would mean that  the rotary encoder
stepped through in 10's,  speeding up access.  The funct ion of
the trackerbal l  would be determined by the large pads:  these
might  include f i l ter,  at tack t ime,  decay,  vector synthesis,
effects parameters,  etc .  Because the trackerbal l  is  a four-
pole control ler,  i t  would enable both f i l ter  cut-off  and
resonance to be manipulated simultaneously.  Similarly,
something l ike f langing modulat ion speed and depth could
both be control led:  another possibi l i ty  would be to have a
much more complex f i l ter ing system than normal.  The use of
a trackerbal l  also c ircumvents one of  the usual  problems
associated with digi tal  control  and cont inuous control lers:
when a parameter is  cal led up,  the posi t ion of  the control ler
does not  necessari ly  match the parameter value.  Because the
trackerbal l  has no absolute posi t ion,  this wi l l  never occur.  I t
should be noted that  this system of  'hi t  the pad and move the
trackerbal l '  is  the only means of  edi t ing t imbre avai lable.
Final ly,  any changes made can be compared and saved,  i f
required,  by simply pressing 'compare'  or  'save' .

The 'semi-soft '  keys beneath the display are label led Edit ,
MIDI ,  Global ,  FX1,  and FX2.  Whichever sound is  currently
act ive wil l  be affected by these buttons.  When entering one of
these modes,  the LCD wil l  change colour:  the rotary encoder
wil l  be used for data entry,  the trackerbal l  for  cursor
movement.

1)  Edi t .  This al lows the four sample/  osci l lators to be chosen
for a Patch,  plus various other parameters such as LFO shape
and assign,  osci l lator detune etc.  When in edi t ,  the same



S y n t h e s i s e r s :  I n t e r f a c e  D e s i g n  -  P a g e  5 6 B A C K T O C O N T E N T S

button now shows the legend 'envelope' .  Pressing i t  enters a
new page where the overal l  Patch envelope is  drawn using
the trackerbal l .  I t  would not  be possible,  therefore,  to  enter
numbers numerical ly,  nor would i t  be possible to assign a
di fferent  envelope to each osci l lator.

2)  MIDI .  Sel f  explanatory:  basic  MIDI  receive and transmit ,
programme change on/ off  etc .  As a performance synthesizer,
i t  should have a patch chain faci l i ty.

3)  Global .  Pi tch bend range,  memory protect ,  veloci ty
response curve,  etc .

4)  and 5)  FX1,  FX2.  Select ing effect  type and parameters.
Ful ly  programmable.
Press 'exi t '  to  exi t  any mode.  I t  can be seen that  the only
mode that  has more than one page is  Edi t ,  and this is  s imply
to al low for envelope drawing.  This in i tsel f  is  much better,
al lowing for more organic,  curved,  and variant  envelopes to
be generated.

Hopeful ly  the system str ikes a meaningful  balance on the
general i ty  v  strength cont inuum: the operat ing system is
shal low and easy to access;  mult i- funct ional i ty  is  kept  to  a
bare minimum; interact ion with any parameter can be
immediately  cal led up and data can be entered in a real-t ime/
cont inuous fashion.  Control  int imacy would be expected to be
high:  processing power would be concentrated on achieving
smoothness through high  resolut ion.  I t  is  construct ively
l imited by i ts  monot imbral i ty  and lack of  detai led edi t ing.

A studio-based system derived from this would add mult i-
t imbral i ty,  and remove the keyboard.  The module would have
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no buttons or display:  control  would be v ia a dedicated plug-
in laptop unit .  Real-t ime parameter control  would st i l l  be
possible using the trackerbal l  (and recordable over MIDI) .  The
operat ing system would necessari ly  be more complex,
al leviated by the provision of  a  much larger ( touch?)  screen.

Summary.  We have seen how MIDI  developed,  primari ly  at  the
inst igat ion of  Sequential  Circui ts  supremo Dave Smith and the
Japanese synthesizer manufacturers.  Some problems with
MIDI ,  most  notably t iming errors result ing from the serial
transmission format,  have been discussed.  With the
acceptance of  MIDI  as an internat ional  standard and the
complete digi t isat ion of  synthesizers,  some explanat ion has
been given as to why the market  quickly came to be
dominated by the Japanese.

There has been no let  up in the rate of  technological  change.
In the few years since the incept ion of  MIDI  synthesizer
design has cont inued to change,  primari ly  as a result  of
sheer processing power.  However,  i t  has been suggested here
that  the underly ing assumptions behind current  synthesizer
design are in need of  a  radical  rethink.  MIDI  has i tsel f
brought  about  new ways of  working,  and these changes need
to be taken into account  at  the design stage.  

5 :  Exi t I t  is  almost  a truism to talk in terms of  the Global  Vi l lage,
mult inat ionals,  the world at  our back door.  However,  the fact
that  i t  has become a truism should not  bl ind us to the
profound effect  i t  has on our everyday l ives.  For the
contemporary musician,  i t  should be of  some concern that  an
absolutely  ident ical  instrument to his own is  being used on
the other side of  the planet ,  and at  al l  points inbetween.  I t
should further concern this musician that  the vast  majori ty  of
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the instruments turned out  by other manufacturers also
sound the same as his.  With mass product ion has come a
homogenisat ion of  design,  manufacturing,  and product ion
techniques,  a fast-f lowing mainstream cutt ing a deep swathe
through what should be,  what  promised to be,  a  r iot  of
diversi ty.

99.9% of  synthesizers now use samples as the basis for  their
sound generat ion in a quasi  subtract ive synthesis
environment.  There is  nothing inherently  wrong with this:  i t  is
a logical  and cost  effect ive strategy.  However,  what  is  lacking
is a means by which this raw data can be personal ised by the
user:  current  machinery simply does not  al low this!  Part ly,
this is  a matter of  a  s impli f ied and standardised internal
synthesizer archi tecture.  The history of  synthesis is  l i t tered
with discarded and undeveloped ideas,  and there is
absolutely  no reason why some of  these can't  be recycled
using digi tal  technology and re-employed.  I t  is  also a matter
of  personal isat ion through interact ion,  developing an
individual  style,  sound,  or  means of  expression to the same
level  that  even a mediocre saxophonist  or  v iol inist  aspires to.

This level  of  ski l l  and control ,  automatic i ty,   can only be
achieved through pract ice,  and that  takes t ime.  Everything is
working against  this.  First ly,  products,  synthesizers,  are
marketed (and therefore perceived)  as having a str ict ly
l imited l i festyle:  another one wil l  be along in a minute.
Musicians are act ively  discouraged from bui lding up a long-
term relat ionship with a piece of  equipment,  because i f  they
do that  they won't  buy next  years model .  Second,  the fact  that
a working musician is  l ikely  to  have N pieces of  equipment
means they are unl ikely to  develop a special  relat ionship with
any one.  Simply the t ime taken learning how to use al l  this
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gear wil l  prevent  i t :  bearing in mind here that  mastering an
instrument is  only a means to an end,  not  the end i tsel f .  Al l
this has to be done and then make some music.

Of  course this is  not  just  the manufacturers cynical ly
manipulat ing the hapless musician.  With the seemingly ever-
increasing rate of  technological  change,  there is  always the
sense that  the goalposts are being moved:  just  as we got
used to tape,  here comes hard disk recording,  oops,  here
comes opt ical  disk recording etc .  Whilst  this has i ts
disadvantages,  i t  obviously has brought many good things to
compensate.  With the Wavestat ion,  for  example,  the wave
sequencing technique requires immense processing power,
and i t 's  al l  yours in an immaculate high-qual i ty  keyboard
form for a modest  £1000.  A few years ago the internal  effects
units alone would have cost  you more than that .

An eff ic ient  and user-fr iendly interface is  also a funct ion of
processor power:  fast  chips al low resources to be diverted
for graphics,  colour,  and clari ty.  Hopeful ly  the next  stage wil l
be the introduct ion on product ion synthesizers of  extensive
real-t ime control  devices and an improved,  possibly  semi-
intel l igent ,  operat ing system. Certainly  the aforementioned
def ini t ion of  MIDI  real-t ime control lers for  t imbral
modif icat ion hints that  things might  be moving in a more
interest ing direct ion.  However,  i t  might  also be that  the
market  wi l l  d iv ide up into those who buy sounds on RAM card
or CD,  and those that  edi t  v ia computer,  with on-board edi t ing
becoming largely a thing of  the past .  Control  int imacy may
not  even get  on the agenda.  Whatever,  there is  no doubt  that
the interface has become An Issue,  and I  for  one wil l  be
interested to see how things develop.
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