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PREFACE

THE ENTRY OF THE SMALL COMPUTER IN TO THE HOME CREATED A NEW GROUP OF COMPUTER USERS. THESE
PEOPLE DO NOT HAVE A LARGE COMPANY OR UNIVERSITY WATCHING OVER THEIR SHOULDERS, MONITORING THEIR
WORK, THEY USE COMPUTERS FOR FUN, NOT PROFIT, ALL OVER THE WORLD WE ARE DISCOVERING INDIVIDUALS WHO
ARE USING SMALL COMPUTERS TO HELP THEM HAVE FUN, AND THAT INCLUDES, NOT SURPRISINGLY, MAKING ART. WE
USE THIS TERM BROADLY, MEANING MOVIES, GRAPHICS, MUSIC, SCULPTURE. OF COURSE, MANY PRODUCTION TASKS
MAY MAKE USE OF A COMPUTER TO ASSIS'f IN SOME ROUTINE LABOR. FOR INSTANCE, THE POET MAY USE A WORD-
PROCESSOR TO EDIT AND TYPE HIS POEMS. BUT THE REAL PURPOSE OF THIS SYMPOSIUM IS TO BRING OUT THE
APPLICATIONS. WHICH RELY ON CO"\PUTERSJ THOSE THAT INVOLVE THE COMPUTER DIRECTLY IN THE CREATIVE TASK,
AND INVOLVE THE ARTIST WITH THE MEDIA IN A NEW WAY, IT IS ﬂE THAT WE ARE FINDING NEW IDEAS, NEW
WAYS OF THINKING ABOUT ART, NEW WAYS OF REPRESENTING IDEAS, AND NEW PALETTES OF RAW MATERIALS.

THE PERSONAL COMPUTER IS ONE MACHINE UNDER THE CONTROL OF ONE INDIVIDUAL, THAT PERSON IS .
DIFFERENT FROM THE TYPICAL LARGE COMPUTER USER IN THAT HE OR SHE DOES NOT HAVE CONSULTANTS, PROGRAMMERS,
OR DEPARTMENTS SET UP FOR ASSISTANCE. A PERSONAL COMPUTER USER MAY OPERATE SOLO. THIS IS ESPECIALLY
TRUE IN THE MUSIC AND ARTS APPLICATIONS. FOR THESE REASONS, IT IS IMPORTANT TO MAVE THIS GATHERING OF
PEOPLE INTERESTED IN THE ARTS, WHERE THEY CAN COMMUNICATE WITH OTHERS AND GAIN INSIGHTS INTO THE
TECHNIQUES AND PHILOSOPHIES OF THEIR COHORTS.



HISTORICAL NOTES

THIS SYMPOSIUM GREW OUT OF A COMPUTER MUSIC CONCERT HELD IN DOWNTOWN PHILADELPHIA IN 1978,
IT WAS PLANNED AS PART OF THE PERSONAL COMPUTING ‘78 SHOW HELD AT THE CIvic CENTER. Jorn DILKS,
THE FOUNDER OF THE SHOW, GRACIOUSLY BACKED THE IDEA AND PROVIDED A HOTEL BALLROOM FOR THE EVENT,
AS WORD OF THE UPCOMING CONCERT SPREAD, WE RECEIVED CALLS FROM PEOPLE AS FAR AWAY:AS THE WEST CoAST
ASKING IF THEY COULD PARTICIPATE. ONE MUSICIAN FROM NEw YORK ACTUALLY ARRANGED A PIECE FOR COMPUTER
AND CLARINET ESPECIALLY FOR THIS CONCERT.

THE EVENING OF THE CONCERT OVER 500 PERSONS SHOWED UP AND TRIED TO SQUEEZE INTO A ROOM THAT
ONLY HELD 300, THE CONCERT WAS RECORDED, AN ALBUM WAS MADE, AND IT IS NOW SOLD BY CREATIVE COMPUTING.

THE. SUCCESS OF THAT CONCERT LED THE ORGANIZERS TO FORM AN INFORMAL PERSONAL COMPUTER ARTs Group
TO PRODUCE SIMILAR EVENTS AND TO ACT AS A CLEARINGHOUSE FOR THOSE INTERESTED IN COMPUTER APPLICATIONS
IN THE ARTS, THE 1979 PersonAL ComPUTER MusiC FESTIVAL, SPONSORED BY THE GROUP, -INCLUDED TALKS AND
DEMONSTRATIONS DURING THE DAY IN ADDITION TO THE EVENING CONCERT, [N 1980, A SEPARATE DAY OF COMPUTER
GRAPHICS TALKS AND DEMONSTRATIONS WAS ADDED TO MAKE THE PERSONAL CoMPUTER ARTS FESTIVAL., ALL THESE
EVENTS WERE HELD AT THE PERSONAL COMPUTING SHOWS IN PHILADELPHIA AND WERE BACKED BY JoHN DiLks, A
FEW OTHER EVENTS PROMOTING COMPUTERS IN THE ARTS WERE HELD DURING THE LAST YEAR.

IT HAD ALWAYS BEEN OUR DESIRE TO SOME DAY ORGANIZE A MAJOR MEETING SOLELY DEDICATED TO THE USE
OF SMALL COMPUTERS IN THE ARTS. [HIS DREAM BECAME A REALITY WITH THIS SYMPOSIUM THANKS TO THE SUPPORT
oF THE IEEE CoMPUTER SocCIETY AND THE IEEE PHILADELPHIA SECTION.

THE -PERSONAL COMPUTER ARTS GROUP, AS A VOLUNTEER NOT-FOR-PROFIT GROUP, CONTINUES TO PROMOTE THE
USE OF COMPUTERS IN THE ARTS THROUGH ITS NEWSLETTERS, CONCERTS, AND OTHER EVENTS. 10O CONTACT THE
GROUP, WRITE TO: PersoNAL CoMPUTER ARTS GRoup, Box 1954, PHiLaDELPHA, PA, 19105.
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INTRODUCTION

1981 MARKED THE INTRODUCTION OF SEVERAL NEW COMMERCIAL SYSTEMS FOR MAKING MUSIC ON PERSONAL
COMPUTERS., THE READY AVAILABILITY OF RELIABLE SYSTEMS HAS BROUGHT COMPUTER MUSIC TO A NEW AUDIENCE:
THE COMPOSERS AND MUSICIANS. [N THE SAME WAY THAT "APPLIANCE"” HOME COMPUTERS SAVED THE USER FROM THE
UNNECESSARY COMPLEXITY OF BUILDING A COMPUTER SYSTEM FROM SCRATCH, NOW MUSIC PROGRAMS AND PERIPHERALS
FREE THE MUSICIAN FROM LOW-LEVEL HARDWARE AND SOFTWARE INCONVENIENCE. THIS IN TURN HAS SPAWNED
INDEPENDENT SOFTWARE PROJECTS. WE ARE SEEING THE FIRST WAVE OF CREATIVE, INDIVIDUALIZED MUSIC SYSTEMS.,

THE SYMPOSIUM POSES SOME SPECIFIC ANSWERS TO THE PROBLEMS OF MUSIC COMPOSITION BY COMPUTER.
PAPERS ON PATTERN MANIPULATIONS, STOCHASTIC PROCESSES, AND CANON V\RIT\ING; SHOW HOW THE COMPUTER CAN
HELP THE COMPOSER GENERATE MUSICAL MATERIAL, OTHER WORK TREATS THE PROBLEM OF REAL-TIME PERFORMANCE,
WHERE THE COMPUTER MAY ASSIST THE PERFORMER IN CONTROLLING AN INSTRUMENT.

THE FINAL AND MGST TECHNICAL SECTION PRESENTS SOME NEW WORK IN SOUND SYNTHESIS. MANY FUNCTIONS

WHICH HAVE BEEN DEVELOPED ON LARGE SYSTEMS ARE BEING IMPLEMENTED THROUGH CREATIVE HARDWARE AND SOFTWARE
DESIGNS FOR SMALL SYSTEMS.

CH1721-0/81/0000/0203$00.75 © 1981 IEEE
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THE PIPE ORGAN AND THE MICROCOMPUTER

. Robert Suding

Problems facing a microprocessor assisted pipe organ difficult to pinpoint the cause of the realism
lack, experiments indicate a key/calculate/pipe

Earliest versions of "pipe organs" date back refresh cycle requirement of 4 milliseconds or
many centuries to Pre-Christian times. The pipe - less.
organ as generally known today in churches was well
developed by the end of the 17th century except for A pipe organ typically enjoys a very long
electrical keying and wind pressure blower systems. life, often measured in centuries. Electronic
These latter two were accomplished almost 100 years technology however is not so stable. Obsolescence
ago. The pipe organ is indeed a very old and mature is measured in years or even months. While
technology, and most innovations have traditionally defects may occur on the pipe organ mechanical
met with a great deal of resistance. parts, replacement parts are readily available a
' century later. Which electronic part do you
Evensud’xaoaummeaascxmplmgtheplpe think will be available for easy replacement in
system(s) to the keyboard with electricity is 2081?

discarded by same, claiming that without the mech-
anical linkage they lost a tactile sense and a

playing style when only electrical contacts are Advantages of a microprocessor assisted pipe organ
made.

The microprocessor does offer an outstanding
Another fear is what will occur under a failure advantage: Flexibility. The typical cabling
condition. The pipe organ is a mass of parallel system for an organ consists of several large
matrix switches, the proper selection resulting in cables of thin wires going through a number of
a pipe "speaking". Two failure modes are typical. - mechanical relay banks to tables of pipes.
The most common failure is that a pipe does not Several miles of wire are involved and many
speak when ordered. The other more serious failure thousands of contact points, even in a small pipe

is that a pipe speaks without being selected, refer- organ system. The stop tabs and couplers an the
red to as a cipher. The first problem is temporarily console are then engraved to reflect the wiring

overcame by not using the group of pipes where the architecture. End of job for 20-30 years. But
silen t one resides, or using another similar rank tastes change. Pipes hardwired to one division
flllmforthemssmgmte The cipher is often are captive. Experimental ensemble com-
cured by removing the offender from its pipe rack binations are discouraged by the permanence of the
and treating the problem as a missing note. wiring.
Now visualize the position of yourself trying The microprocessor driven pipe organ gives a
to introduce a new fangled microcomputer to a pipe degree of freedom and experimentation to practice

organ. This pipe organ can have fram 1000 to 10,000 sessions. .The performance may be digitally logged
pipes. Can you imagine the sound thatwould-occur: if and replayed. But the degree of replay may be
a microprocessor failure turned on every pipe? customized. The replay of notes can be accompanied
) byaxuvcmbmatlmofstopsarﬂcwplers The
The typical pipe organ wiring system is concept- performer is able to eliminate muddy passages, or
ually relatively simple, but works with thousands of trim the ensemble effect to achieve the camposer
wires and contacts in parallel. Same have suggested and performer's interpretation of each passage.

that since the pipes take a certain amount of time Initial practice sessions may record a single hand
to react to the keying of the wind pressure, about. on a difficult passage. Replay of the prelogged
1/10th of a second "refresh" time would be adequate performance may then be "ORed" with the next hand,
to sanple the key, calculate the pipes required, creating the ensemble effect lost when only a single
and turn on the required valves. Unfortunately (or foot) is utilized initially.

this produces an effect that nullifies the ’

"personality" of a performer. In the real world, The last (and least desireable) possibility
chords are not simultaneously struck, but are is the camplete performance by the camputer.
"rippled on", so that lower (or upper) parts of the Insistence on this cbvious possibility will guar-

chord came on ahead of the rest of the chord. While antee failure. The organists of the world will

CH1721-0/81/0000/0005$00.75 © 1981 IEEE



; ‘INNT SU p SN} sees;
ATo1anss pIoUP POUTEISNS B URTA UOTIENIOR gl IoT
-dnco Ing {STANTS ST SUTINOINS UOTIUSNSIJ AINTTeT
¥ *4Aseo amwos ‘3JTNOTIITP SIe WOS *PSUTISp UsSq
aARy SUOTIOUNI 3ISTT oL SOTTS aWTy USZOoPp B IaAQ
*038 ‘sa0TTs swr3 ,Indur Asy oN, buramp peysTy
—dncooe ST BuTdesyEsnoH UOTURMaId aum[Ted ‘SSOTTS
a3 ,abuey) oN, butanp paumogzrad sT Hutdesyesnoy
Texousy ‘spew q 03 sebueyp JO 3ISTT M e BurpTIg
O3 SAATOSaX USU3} UOTINTOS 3L 0TS W3 SW §
snotaaxd U3 YATM paTedino UsyM amooo abueyo 3o
sjunaue TTeus ATsATiereduoo SOTTS swTy S p paITssp
3yl IaA0 eyl Moys paderd ATTen3oe axe suebao
adrd moy Jo suoT3ebTIsanul ‘uoTINTos STqeadecce ue
spracxd Aew sws3sAs uoTiernpan e3rsp ay3 sdeyreg
*swesAS [RPTMpUR] PSONPaI SNOTIeA spremog Surjurod
y30q axe ABOTOUUOS] OSPTA pue 30TOA ‘IaNSMOH

*AboTouypey TeoTwoucce jussaxd pucksq
TeJ ST SW § UT rno pue ‘33ETNOTE0 ‘ueds
SBTAUCO ¥ * (SWTY Yoo SW §) Puodes © ST} (ST
ueyy xejeaxd Jo sqex e e pejemoe ATTeTRuszcd
8q 3stu sad1d Q0T ISAC pue pauueds aq 3IsAu
SINdUT (07 940 Jeyd ST ISqUENRIT 03 WSRT LSy YL,
*Isau SjeurunTe poeds pue ATTIqRGTI I0J psSsu
AP g ‘srqrssod axe saanmjodTYOTR Are

SAATIPUISNTY WE3SAS

*SIUSIICO (3TM suTeb pue susTqoad 3
S3ISTT A0qe 3Tqey YL “surteb =y SurasTyoR STTYM
‘suBTgord Sy} SWoOIRA0 O3 paubTsep o st uS3SAS
Toanduoo webxo adtd = 7o aumiosiTyDIR YT

*s,0I InoA uo diI3s pue 9SSEUlS SSTI

cJagdtd 3yl seqy
jued yotym L£Jy10U 3STrISYLO
“31qT1ssod JT 103uuodsSIE

puep siaydyo 10313p-010y @

*squyod 3fupycJIajug

TedT3TJI0 3y} 1°e 3wyy udyssyp

agy jo fitJofew 3gy puadg

*swaysfs qndjino pue gqndut
3WT} [PaJd 31PIJIJTP 3IPTAOIJ @

*sqndl30ys 1ndutr axeq

07 £I9 30U O °*W33SFS IIATIP

uo dwi¥s 10U OJ °SWajysfs
-qns JuUTJITM XTJIQPW SZTWIUTW @

INTWWOD

*SJ0303UUED pJPpUP]S
9PTA0I *303304d1340
*39031340 Jeg *sqaed aageds
SpPTAOJd °UTOTIN]TISQANS MOTT®
07 swajsfsqns aTqeutrjapad
AT1sea aptraoag *sjaed
1STUowwod a3y} Fiuo 3sf

*pProA® 03 3TNOTJJTP A[awaljxj e

*pajuawatfwy aedio Jafeld
JT paatnb3x 2utuwweafoud
SJuUTZiwWopuURY *Swy UuUPUY
SS3T UT SaTofo wajysfs ajepdp @

*flo0qepurw

sJe suPysap taydro-tyue

3JeS T1PJ pue ‘p3ap3a3au 3an
-10317T4oJe Ww3)sAS juepunpPay @

*wayshs argeiaxaew F1ydtu
PUE MSU ® 30NPOJJUT PINOM

*quswaoe(day e qo0u *3sSTy

LNIWWOD

,uoT3oe J13joell 3jelg prlos, @

-ue?J0 3y} 031 pIe uUP Se MoUSe®

PTE 30UPLIOJISIO

30UP}STSSP 307102171 @

£11T1Q1X3Td @
NIVD

200305370590 ALo0T0UYOal®

*sw3yshsqns FuTwri)
971QIXaTJur ,sIsinfwod £fq
pasnes  1C33J3 UEUNUL] @

*3ouewrogaad e
futanp Fuyprddiao 1ej01
10 *punos otufoa3}sajed

P U} 3T10S3d Ffew sInlrei{e@

*1S07 ST uUOT3o®
I3¥JeJ)} © JO [33J 317103} 3yl®

*pa1daooe j0u swaysfs mar @

W3 TE 0¥d




CChSOLpre===-

IN2JT

l—\_' CJTEUT [E= == PIPZS

up.

PIPE

The figure above illustrates a simplified
block view of my selected architecture. Three
microprocessor subsystems, consisting of Z-80B
based modules proved 1) Input and delta worklist
maintenance, 2) Output, calculate, and failure
bypass, and 3) Storage, retrieval, and auto-
calibrate.

The input requirement consists of gathering
the 200 plus input lines into memory and checking
for changes. Either parallel or parallel load- :
serial transfer systems are frasible..I have
chosen the serial transfer system since this
reduces the interconnect lines and provides a
greatly reduced number of lines on the input mic-
roprocessor board (read that improved reliability!).
The inputs consist of a 4021 (MOS I C for each set
of 8 inputs. Although there are over 200 inputs, a
cable of only 8 wires (+, -, Load, Clock, and Data)
connects the console to a remotely located input
microprocessox. One hundred percent redundancy is
another 5 wire cable. The change analysis sub-
routines require a small amount of dual buffering.
Keys, Stops, and Couplers are separately maintained
in logically partitioned areas of the buffers. The
work list buffering is Fifo-like in architecture,
pouring its preliminarily processed data into the
output microprocessor's workspace.

The output microprocessor also may be a para-
lell or serial/parallel based subsystem. In my
case, I again selected serial transfer over a 5
conductor cable plus a redundant cable. A 4094
MOS 8 bit shift register and latch is used for
each 8 pipe magnets.

2N6724's at 20 cents apiece provide the magnet.
drivers with a current capacity of 2 amps, although
only 150 ma is typically required.

The actual driver cards are separate from the
output microprocessor and contain enough drivers
for one or two ranks (each rank contains 32-97
pipes). The output microprocessor is in charge of
these output cards and ha.ndlmg the partially pro-
cessed data from the J.nput microprocessor and any
input from the storage microprocessor. Should the
output microprocessor fail to send new data to any
rank for more than 10 ms, the rank drivers will go
to a "silent pipes" failsafe condition. The output
microprocessor has the capacity to reassign pipe
ranks to other divisions as well as make unique
stops and couplings appropriate to certain musical

o

ChaAN MICROPROCESSCR SYSTE

cambinations, (e.g. a soft or loud mixture rank
formed to support a division).

The storage microprocessor is the most flexi-
ble, and many commercially available microprocessor
systems are viable here, but the redundancy re-
quirements would eliminate most systems. Off line
storage could take many forms, but the Winchester
disk offers speed/capacity that permits a rapid
"simultaneous" read/write capability. "Simultaneous"
read/write allows the perfomer's input fram the
console to be logged while the storage subsystem
is also providing input to pipe driver in "play
along with the campu " applications. Catputer
assisted camposing would also utilize the s:uml—
taneous" read/write storage system.

The costs will vary widely, but r7r rule of
thumb for pure camponent costs is approximately
one dolloar per input or output bit ( a bit may
be a key, stop, pipe or magnet) for the medium
sized input and output subsystems. The organ of
3 manuals and 60 stops along with 24 ranks (1500
pipes) which I have will have anjout $1200 in
parts. Redundancy will add abou.: 50 percent. The
offline storage doubles the previous costs. If the
system weze 0 be made into a ommercially available
package, $10,000 might be a reasonable price to
expect. But you are greatly enhancing the capabil-
ities of a $100,000 pipe organ. The on site wiring
costs of this sized pipe organ could excerd the
st of the microcouputer system. The music hobliest
should be aware that us<d pipe organs of 40-60 years
old vintage are often sold by churches and theaters.
The cost of these "old relics" can be surprisingly
low, frequently in the range of $2-$4 per pipe for
& repairable organ system. Visitcrs to my house
tend to bring their wives along to see my 1500 pipe
organ. The wives generally conclude that their
husband's hobby isn't so bad.

If only a simple input and/or playback function
is desired, the ports of a microprocessor can be
only connected to the keyboard of an organ. While
simpler, flexibility suffers. Electronic organs
(ugh!) may also be ocoupled to a microprocessor.

Even toy organs can use a microprocessor's output
ports, but the system sinks to a lowly "player
organ".

The camputerized pipe organ preoduces an eflocu
truly worthy of the King of Instruments. It is
infinitely superior to any musical experience you
have ever had.



MANUSCRIPT: Music Notation for the Apple ][

Rebecca T. Mercuri

2007 Jenkintown Rocad, Glenside, Pa. 19038

MANUSCRIPT is a high-resolution music
editor which produces pages closely resem-
bling printed notation. The use of special com-
pilers makes MANUSCRIPT files caompatible
with all music peripherals for the Apple ][ sys-
tem. This paper illustrates the decision-
making process involved in construction of an
editor which 1is visually pleasing, easy fto
operate, and does not require any addifional
hardware.

The ability to place notes, stems and
beams in any location on the musical staff,
to write dynamics and phrasing markings,
and the inclusion of song lyrics have been
seen as desirable features in music writing.
To date, music editors which incorporated
these items (such as those by Leyland

. Smith of Stanford University, and Donald
Byrd of Indiana University) could only be
found on minicomputers or larger systems.
The major goal of MANUSCRIPT is to provide
the microcomputer user with a seemingly
infinite piece of blank manuscript paper,
upon which can be written any item found
in conventional musical notation.

The proliferation of musical hardware for
the Apple ][ (ALF, Mountain Computer, MMI,
AlphaSyntauri, to name a few) poses a
problem of incompatibility among their ed-
itors. Imagine the dismay in discovering
that the file you spent two weeks perfect-
ing on your MMI system can not be played

CH1721-0/81/0000/0008$00.75 © 1981 IEEE

on your friend's Mountain Computer
boards. The development of individual,
highly specific music editors by hardware
manufacturers is analogous to the use of
interpreted computer languages like Ap-
plesoft which save development time at the
sacrifice of portability and speed. A secon-
dary goal of MANUSCRIPT, therefore, is to
produce files which can be compiled
differently depending upon the hardware
used. A side benefit is that MANUSCRIPT
can become compatible with any future
music systems merely by writing new com-
pilers. This issue is complicated, though,
by the fact that the number of simultane-
ous voices currently ranges from one (Ap-
ple speaker) to sixteen (Mountain Comput-
er), necessitating the use of various coding
methods (stem direction, color) to
separate the melodic lines.

The creation of any music editor involves
numerous compromises imposed both by
hardware and software considerations. For
example, my selection of Applesoft BASIC
(rather than Pascal) and paddle controllers
(instead of a joystick or light pen) was in-
tended to facilitate wide usage, since these
items are readily accessable to Apple ][
and ][plus owners. Most difficult has been
my constraint to 48k of memory, although
space problems can be resolved somewhat
through segmentation of the program into
different functional groups (such as text
writing, dynamics marking...).

Prior, to use of the MANUSCRIPT program,
numerous options may be selected. These
include: automatic measure checking for
correct rhythms, display of note name
corresponding to cursor position, audio
feedback of note insertion using the Apple
speaker, and specification of distinct voice
lines. After, or during creation of a note
file, it is possible to change into dynamics



marking or lyric writing modes. A post-
processor is also available for automatic
beaming (connection of eighth notes etc.)
and note alignment (spacing within meas-
ures according to note value).

MANUSCRIPT’s high-resolution display is
designed for simplicity and ease of use. The
black figures on a white background pro-
vide close similarity to paper notation. The
basic configuration displays four 5-line
staves, although the user may select 14. 2,
or 3 staves and 4-lines or 6-lines for use in
banjo or guitar tablature. The bottom tenth
of the screen contains a menu of musical
symbols. This is a multi-page menu organ-
ized according to function as follows:

PAGE 1: Treble, bass and four C clefs
(SATB), user defined meters
from 0-99 over 1, 2, 4, 8, 186
or 32.

PAGE 2: Note and rest values from whole to
64th, measure bars, dotting,
ties, accidentals, 8va, 15va.

PAGE 3: Repeats, 1st and 2nd endings, da
capo, coda, dal segno, voice
selection.

PAGE 4: Tablature notation

PAGE 5: Dynamics markings

PAGE 6: Ornamentation (trills, slurs...)

Certain of the menu items, such as voice

selection and tablature notation, may'only
be active when those options are in effect.

- Rp— T,

Cursor design and appearance on lines or
spaces.

A special cursor (see figure A) was
designed to assist in correct note place-
ment. When the cursor is on a staff line, it
appears differently than when it is on a
space, thus reducing entry problemsz. The
paddles independently control x and y mo-
tions of the cursor. Menu items are select-
ed by moving the cursor to the desired
symbol and then pushing the paddle but-
ton. The chosen item will now appear shad-
ed on the menu, and when the cursor is
moved to any area on the manuscript pa-
per, pushing the paddle button again will
deposit the character at this location. The
cursor may then be repositioned on the
page without having to return to the menu.
In the audio feedback mode, notes are
heard as they are installed onto the page,
and various click sounds are also available
to indicate menu selections, rest entries
and cursor movement.

Special care was taken in the design of
the note shapes. Printed music has evolved
over many hundreds of years to the point
where it has become aesthetically pleasing.
For a graphic music editor to be truly
effective, the subtle curvatures, propor-
tionalities and shadings of printed music
must be replicated. The direct transfer
from a graph paper representation to pix-
els is, unfortunatly, not possible because of
the peculiarities of the video medium. A
note head that appears almost square on
paper is perceived as round when viewed on
a monitor. One or two pixels, properly:

Y

FIGURE B

Ezamples of whole, 16th and 32nd note for-
mations.
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FIGURE C

MANUSCRIPT display showing excerpt from Boris Godunov and exam-
ples of chord consiruciion. Clef and time signature menu appear beneath

the music.

placed, can provide the illusion of smooth-
ing out the jagged lines that are prob-
lematic in graphics systems without gray
scale levels. Universal visual perception
problems with parallel lines can cause
well-formed objects to look peculiar when
superimposed upon the staff; tests had to
be performed in order to insure that a note
would look well on either the lines or the
spaces. Figure B illustrates the design of
some of the characters created.

A current MANUSCRIPT display c¢»u be
seen in Figure C. The -program is still under
- development - future plans include the ad-
dition of a special notation for digitally
produced sounds as well as commands for
non-diatonic tunings. Further inforrcacion
about MANUSCRIPT can be obtained by
writing to the author.
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