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1 Intrcduction

This prcpesal is a follewup to my report on the Corputer Music Project (March
1678). That report wes included as Appencix B of the "recuest for prcposals" (RFE)
which was circulated to computer vencors by the Cberlin Ccrputing Center in the
late spring of 1978. 1In referring to that earlier report, I will give the pertirent

section numbers in brackets.

In the present report, I will review the investigaticns ené system evaluations

which have been carried out since March -1978. I will then meke a prcposal for z rew
computer music system at Ckerlin complete with an itemized harcware budget. Because
of the speed at which harcdware is developing in this field, this proposal should be
considered "provisional”. This term is meant to imply that an elternate proposal
may be submitted at a leter date if a more suiteble system beccmes available.

2 Review of Investigetions and Evaluations

Since March of 1978, I have been zble to gather rore cetailed information on a
nurber of systems for computer music prcduction. Some of my experience has been
through direct "hands on" contact with the devices themselves. Cther data was
obtained through consultation with system designers.

Before I discuss the specific meritg ard drawbacks cf ezch system, I think it
would ke helpful to list those characteristics which are deere€ cdesireble in a
ccrrputer music system. :

1) The vendcr rust be zble to supply ccmplete hardware mzintenance.

2) The system must have a proven high level of musical cuality through
ccmmercial recordings or demcnstration tapes.

3) A music system must be interactive and capable of live performznce in
realtime in addition to our current research and redagegical arplicaticns.

4) The system must egual or surpass our present capabilities of 32 ccmputer
instruments. .

5) The device must be in prcduction with'several systems already Celivered and
in use for music generation.

6) The cost of the system must bte significantly less then the estimated cost
of continuing cur present scftware agproach cn a new centrel cemputing facility
(see section 2.1). (A ceiling of $66,£6E is assumed thrcughout this report.)

7) The system must arrive fully assembled and ready to produce sound.

8) The vencor must supply adecuate software including an cperatirg system, &t
least one high level lan?uage (FCRTRAN, PASCAL, C, APL, etc.), en assernkly
-language, a cress assenmbler for a larger computer (where recuired), and
applications progrems sufficient to begin sound production.

9) The system must be expansible and/or alterable to acccmmedate new synthesis
techniques as such techniques are discovered and docurented.

All of the systems examined seem to have problems or drewbecks which reduce
threir viability as a solution to Cberlin's needs in computer music. Indeed, nc
existing hardware system meets &ll of the criteria listed cbcve. Each of these
systems will be menticned kelow along with the specific ceficiencies I have
glnpointed. The proposal detailed in section 3 of this report, therefcre, puts

orward the system wﬁlch meets the greetest number of these specifications.



2.1 Software Synthesis

The present ccrmputer rusic system &t Cberlin is implemented entirely in
scftware (i.e. as ccrnputer prcgrams). A similar implerentaticn is prssikle on mest
large gereral-purpose ccrmputers [4]. The technigues (2}, working envirunment
[3.1-3.5], and drawbacks [3.6] are detziled in my earlier rerort and will ot be
repezted here. It is sufficient to ermphasize that the scftware approach is not the
test in terms cof musical productivity, pedagegical stratagy, or impact on the
corputing system as a whole. The specific difficulties stem from the lzrge amounts
of ccrmputing time and storzge space required for music precuced by software
retheds. In adcition, the realtime cperating system (used cnly by music st Ckerlin)
increeses the cost of the central computer and consicerzbly ccrmplicates the
ccrputing environment. Preliminary investigaticn has shown thet one cerputer
rznufacturer (Digital Equipment Corporation) adds at least $1€6,¢09 to the cost of
e machine if realtime preccessing is proviced. Several manufacturers who cculd
previcde machines suitable for Cberlin's general administrative and instructicnal
reecs do not provide realtime capabilities at all. C(Clearly, & hardware soluticn
would kerefit both the music project ard the computing ccrmmunity as a whole.

2.2 Harcware Synthesis

In this secticn, I will outline the results of further investigation of the
various devices which have been desigred fcr music gereration under ccrputer
centrol. The first three cevices have ccme to my ettention since my earlier rerort.
ihe remainder have been prcbed further and evaluated with the aid of adaditional
czta. : _

€-2.1 Coupland Digital Synthesizer

The Coupland Digital Synthesizer (Micor, Inc. Eox Z£685, Phoenix, Arizona,
©5636, 662/273-438l) has been widely publicized but few have seen it in person. At
the recent International Ccnference con Computer Music (ICMC) it failed to meke its
acvertised eppearance. PFPhotogrephs show & seven octave keyboard which irdicates
that the instruwent is capeble of live performarce. Technical specifications ere
sketchy and no sound ocutput seems to be available. I heve determined by telepnone
that the cost is prcjected in the $25,£6€ tc 350,L6E renge with delivery estimeted
to kegin in fall 79. This system uses a TIS986 miniccrputer but no prcvision is
teing macde for direct user programming of that prccessor (& sericus cdesign fault).
A prcgramming console (nct @ general-purpose terminal))} 1s included, hcwever. Thet
ccnsole seems to permit only limited user intereacticn with the system in an
"orgzn-stop" mode. Technical support cculd not be determinec.

2.2.2 Digital Music Systems

The LMS-1€¢6 (Digital Music Systems, 386 Court Street, Brecoklyn, NY, 11231,
216/643-1€77) is a gerneral purpose signal processing microccrputer. The unit has
Leen custom designed for very high speed cperation using bit-slice processors arc
its specific functicn deperds on the instructions which are written into its

" pregrem memory. The unit can function as an oscillater bank [6.1.3], a filter
recwork [6.1.4), ané arrears capeble of executing most of the fundamentel
zlgorithms of music synthesis [6.1]. Cnly a prototype of the LMS-1££€ exists at
present and delivery of the procuction mocel is not plarred until summer of 1979 at
the earliest. A preliminery price of $8668 per unit is being quoted. The LMS~1£i8
would have to be interfaced to_another "conductor" ccrputer to fully exploit its
power. A packaged system ccrplete with controllirg cciputer is planred for delivery
in mid-79.  Four to six cf the LMS-1£68 prccessors would ke recuired to reach the
cize of our present computer orchestra of 32 instrumerts. A total system cost would
probebly reach $60,6€€ if the LMS-1688 were used as 2 besic compenent cf @ new
ccemputer music system at Cberlin. In addition, Digitzl Music Systems seems to be a
cne man corporation and commitments to hardware maintenance andé software support



are presently unspecified. My conclusion is that the attrzctive design cf the
CMS5-1€66 mey bte cutbalanced by the uncertainty of its future. Sound cutput frem the
[rS-1666 will net ke available for eveluztion urtil summer or £all 1979.

2.2.3 Generzl Develcrment System

The General LCevelorment System (CLS) (Music Technolecgy, Inc., 1E5 Fifth
Avenue, Gerden City bPark, NY, 11646, 516/747-7898) is an oifshcct of the synthesis
rrccules [6.4.2] which were designed by Hal Alles at Bell Teleri-:me Laborztories,
Murray Hill, New Jersey. Crly a smaller versiocn of the Bell cscillator module
]6.4.2.1) is inclucded in the GLS. However, a reverberaticn meccdule [6.4.2.3] is
planred as I lezrred from a representative ¢f GOS by rhore. 1he oscillator in the
GLS is actually a "stripped dewn" vercicn of the Bell mccule. The medule centains
only 32 coscillators compared to 64 in the Bell ecuivalent. Two GLCS mccdules would be
recuired to match cur present crchestra of 32 instruments. A CLCS representative
irciceted that they heve not determined whether their contrcl processor (Zilcg z88)
will be fast encugh to service two mectles. 1In an attempt to reduce the unit price
of the mocdule for conmercial reascns, a number of desicn medifications were made
which may reduce the valte of the irstrument as a general tcol for composition and
rucical recearch. A prejudice tcward lZ2-tcne tempered tuning is particularly
unfortunate. Althcugh the CECS is & programmasble system, the cbvious thrust of the
cerpeny is toward keybcard perfeorwance and the rock merket. The GLS is, however, a
ccrrlete system end would presumably be delivered ready tc play. LCelivery is
plenned for mid~79 and the cost was estimated at $27,£€¢-35,CC¢ depending cn the
cpticns which are créered (second oscillator mcdule, reverberztion mcdule,
a¢éitional memery, etc.). No sound output is aveilzble for eveluation.

2.2.4 Moore Digitel Synthesizer

The Mcore LCigitzl Synthesizer [6.5.3] was the subject of the dectoral
Gissertaticn of F.R. Moocre of Bell Telerhone Leskorastories. The cnly copy of this
elegently desigped device resides et Stanford University. ¥No ccmmercial
Gistribution is' plenned.

2.2.5 Systems Cecncepts Digital Synthesizer

The Systems Ccrcepts Synthesizer [6.5.2] ‘continues to te en attractive device
ard is prchebly the most powerful of &ll of the systems I heve Ciscussed.
Unfortunately, its ccst remains above $1€0,ckd and it must ke centrolled by a
generel purpose minicemputer at additicnel cost.

2.2.6 Bell Digitzl Synthesizer

In March 1978, the Bell Synthesizer [6.4] zppeared to be the best choice for
Cterlin. It is pcwerful in its ccrputing cepabilities, rusically viable as judced
by auditicning ite scund cutput, and cost effective ($59,¢CE€¢-€6,680). Curing
Cctcter 1976, I hac¢ ean cpportunity for externded "hands on” experience with the
prototype et Bell Lzboratories in Murrey Hill, New Jersey. Curing that menth-long
visit, I was able to pinpoint a nurber of problems with the system which cculd
recuce its value to Ckerlin. Unfertunately, the pecple at Eell plan to construct
the system cnly es a fevor to musicel researchers. They epperently plan no harcware
reintenerce or scftware support. Indeed, the operating systerm they are using to
cregram the prototype is LSX, en in-house product. LSX is & microcerputer version
cf ONIX. Although WIIX is widely aveileble to users of LCigitzl Equipment
Corroraticn's PCP-11 ceries minicemputers, Bell does not plen to release ISX to the
rublic. 1In short, the Bell system wculd arrive naked and we could look forward to
crproximetely & year of prcgrem cevelopment before the synthesizer could be usec by
students end faculty. If z Bell system were to arrive in wirter of 75, this pericd
of coftwezre develcprment micht not be a problem (assuming thet we would continue
rusic synthesis cn the SIGNMA 9 through summer of 1SE€).



Twe other pcints should be raised ir regard to the Bell Synthesizer. First,
Cavid Clark of the Ckterlin LCevelcrment Cffice is approachirg scme Ckerlin contacts
within Bell manasgement with an eye tcward cbtainirg a grant tec sugpert the
continuation of computer music here. Cur irnitial strategy is tc recuest an outricht
gift of synthesis eguipuent by arrealing to Bell's recently zcvertised intent to
fund activities in the arts. Seccnd, I have keen invited tc sperd three months at
the Institute for Research ard Cocrdination of Acoustics arnd Music (IRC2M) in
Paris. TCuring this visit, I will ke werking with & synthesis system which is a
direct outgrewth of the Bell system. The erngineers &t IRCEM have epparently made
rncGifications to the Bell mccules which improve their perfcrmence ané flexibility.
I urcderstand that they have zt least three identical but physicazlly separate |
systems in operation. They are using CEC's PDP-11/€3 micrccrecessor to control
these synthesizers uncer a stancdaré LEC cperating system (KI-11). I hcpe to have
scme information on cost, perferrance, ard availability of the IRCAM system upon my
return to Cberlin in mid-april, 1S7S. ~

2.2.7 Dertmecuth Cigital Synthesizer

The Dartmcuth Digital Syrnthesizer is now called the "Synclavier" (New Erglanc
Cigital Corporation (NELCO), Eox 385, Norwich, Vermont, E£5£55, €62/645-5183). The
scunc quality problems which I ckbserved in the prototype irn 1576 have keen
corrected end the Cevice is ncw expandable to 32 computer instrurments. 2bcut a
cozen systems have been delivered in the USA and Eurcpe. 2t least two ccmmercizl
recorcings are available to cemonstrate the musical cepebilities of the Synclevier
ené a cecncert at ICHC reveezled the flexibility and diversity of the instrument in
several mcdes of live performerce. NELCC has develcped severzl fully-integrated
"turn-key" systems (i.e. assemblecd and reacdy to use on celivery) which ccme with a
ccriclete scftware package for music preduction. In acditicn, HEDCC is & grewing
corporation with products in arees other than music. This cornditicn speaks well for
future surpert. Lelivery for the Synclavier is currently S£ cays ané the ccst of
the system I have specified ic uncer $66,6€¢ includirg a z£% ecucational discount.
In section 3 of this report I will go into specific Cetail regarding the comporents
of the system and the capabilities they provide.

3 Provisional Propcsel

The music synthesis system which eppears to be mest viekle as of this writing
is the NELCO Synclavier outlired belcw. As proposed, the NEDCC system wculd ke a
pcwerful tool for musical research ené teeching at Cberlin. As I stated in the
intrcducticn to this report, this proposal is prirmarily internceé to give some
indicetion of the needs of the Ccrmputer Music Stucio as a charge of computers is
contermplated in the Ckerlin Ccrputing Center. Hewever, I recserve the right to
present zn alternzte prcposal if harcware cdevelcrments in music synthesis warrent
such a chenge of direction. Note, that several of the systerms evaluated above are
uncer the ceiling of $68,£66. 2lso, these other csystems shoulcé bte availeble for
further evazluation ktefcre Cterlin mzkes @ final cecisicon recarding a rew ccrmputer
system for the Collecge as a whole.

In the remainder of this report, I will describe the ccrmperents of the NELCG
synthesis system. An itemizeC price quotation for this systerm is attached.

3.1 Contrcl Computer

The ccntrol unit for the proposed system is the ABLE ccrruter which wes
cesigned by NELCC for music processing and other high speed scientific
errplications. The 2BLE is a2 lé-bit, l6-register miniccrputer which cecrpares
fevorebly in speed and computing pcwer with the mid-size merkers of the DEC FLP-11
femily. The specific configureticn for ccemputer music et Ckerlin is the R/66. The
2/66 packege inclucdes the AELE prccessor, 16K memcry, cual &€" flcppy diskette
subsystem (616K bytes of rardcm access storage for system ernd epplications pregram
storage), serial port for interfacing ocur present ccrputer terminals, progrem lcad,
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rezltime cleck, pewer supply, chasis, and cebiret. For aéditicnal cerrputing power
(see belcw), a haréware multiple/divide vnit is &ééed alcng with an zdéditional 4€K
of memory. The adéditionzl memcry would "fill" the mechine to its maximum of 64K (EK
ECM + 56K R&EM). ‘

3.2 Cormunication with CEU

Since I plan to continue using Ckerlin's time charing system for enccding end
editing musical deta via my Musiceal Prcgrem Librery (MPL), a seriel port (C4£42) is
inclucded to permit the ABLE cemputer to ccmmunicate with Ckerlin's central
prccessing unit (CPU). Date prepared with MPL wculd be downloeded frcm the CEU into
the memcry or cisks of the ABLE system for perforrmence on the synthesizer.
Mcdifications which are mede in that data during an interactive work sessicn with
the synthesizer would be availeble for updating the user's files on the CPU system
¢isks. Such upcates wculd return to the CPU via the same catez lirne. The serial port
would icdeally be connected to the CPU con a 96££ kaud line.

3.3 Synthesizer Mccules

The NELCO Synclevier Digital Synthesizer contzins 16 oscilletors. These
oscilletors may ke paired to corpute the ecuivelent of 8 computer instruments as
defined in cur present software synthesis system. Four Synclavier mecules would
ke recuired, therefcre, to reach a total of 32 voices.

3.4 Mass Storege

As ircéicated in 3.1, the 2/€6 package incluces two 8" flcrpy disk c¢rives. Cre
drive woulé be used to store system pregrems while the other wculdé ccrstitute a
remcveble resocurce for user progrems. The larger meving heac cisk (25 mecebyte)
would be used for temporary stcrage of data Cownloaded frew the CPU. In live
performences et remote locetions (cffline frem the CPU), this disk weould holcd score
dzts for zn entire concert. For epplications related to accustic reseerch and
cscftware syntnesis (see kelow), this cicgk weculc previce & scrzten eree fer ekeut
three riruces ¢f mucic (327¢f serples per seccrd in sterec). ’

3.5 Kkescerch 2pplicetions

The 2ELE cycstem wes designed te meet the neecds cf varicus scientific
lakoratories. Trerefore, I have decideC to incluce scre of the NELCC research
mccules in the present proposal. These mecules irnclude a 16-input 12-bit
analcg-to-céigitzl ccnvertor (ACC) (D1Z) ard releted input panel (APl), a scientific
timer (Dl1é), en cscillescope interface (C76), end & digitel 1/C mecule (D34). These
cerporents would erable the Cemputer Music Studio to enter ceverzl new areas of
research eré irstruction. These arees irclude speech anelysis ard synthesis,
Fourier znzlysis cof conventicnal musical instrumerts, digital recording cf naturel
signels for computer editirg, menipuleticn, zné corbination with ccrputer genereted
sotrd. Sirce the Synclavier dces not incluce a reverberatcr, its cutput could ke
routed back thrcugh the system via the 2LCs for addition of reverberaticn by
ccftware technicues. The cescilloscope interface wculd ccnvert our present
Eewlett-Peckarcd cscilloscepe into & greghicg cevice for cicpley of weveforms ena
musical nctaticn. The digital I/0 wculd zllow research into custcm—cesigned uzer
interfaces ané triggering protecols. In aééiticn, these mccules have severel
cpplicaticns which are discussed kelcw.

>~
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3.€ Softwere Synthesis

The prircipzl adventzge of the Syncleavier is that it is 2 hardwere
implerentaticn of the two most commenly used end versetile synthesis techniques:
fixed waveform ard freguency meculetion (FM). The success of the FM technicue at
Cberlin is & particular source cf interest in the Synclavier. Hcwever, there are



rany other technigues which are in various stzges of céevelcgrment including:
acditive synthesis, subtractive synthesis (filterirg), barné-limited pulse (BELF)
synthesis, vocal sirulation (VGSIM), ané a number of technicues which emplecy
surraztion series formulae which are similar in cencept to FM. In short, selecticn
of the Synclavier as the only means of cigital synthesis at Cherlin wculd close the
coor to meny promising areas of acoustic investigatien.

In order to leave this docr ajar, I have included a lirited software synthesis
cepability in this proposal in the spirit of my originel Frcpesal Twe [5]. This
capability would be directed primarily et reseesrch prcblems ané pedagegical
exercises in eccustice while the Synclavier wculd prcvice the principal means of
prccuction for musical compesitions end other creative prejects.

Scftware synthesis progrems wculd ke written in XPL, NELCC's cperating system
and high level prccramming larguege. XPL is a structured lerguege similzar te ALGOL,
PL/I, and PASCAL. The ABLE ccrmputer is designed around this lenguege zrnd the reed
fer an assembly lzrnguege is therefore obviated. The harcware ccrpcrents of the
software synthesis system incluce the full complement of memcry to allow large
in-core rrograms ancd the hardware multiply/cdivide to speed semple computaticn. The
25M disk woulé ke uvsed for semple stcrege during the computztion [3.5.3] and
rescelirg [3.5.4] staces. A second digital I/C mccule (D34) would ke uveed to
interface to cur present digital-to-—analeg conversicn (CAC) system [3.3]. This
apprecach weuld prcduce the bernefits tc the CPU system which were cetailed in my
ezrlier rerpcrt [5.8].

3.7 User Interfece

In ezéditicn to our present computer terminels [3.1], the user interface tc the
Synclavier and AELE ccrputer wculd include a 6l-step orgen keykcearé ard a S€-kutten
ccntrol penel. The keykboaré mey be used to play the Synclevier in the trediticnel
sense cr to record & complex score a part at a time for subsecuent automated
rlezyback. The contrcol psrel facilitates certsin editing tesks in the score file.
The panel may zlso be used for interactive timbre desigrn since successive
rcdificeticns in a musicel sound may be hearé immedictely.

Acdditional ucser cdevices could be constructeé lccally erd interfeced tc the
system via the ALCs and the digital I/C mcdule cCescribecd irn section 3.5. Such
devices might include controls over large dimensicn musicel parereters like terpo
ané¢ cynemics. With jeysticks, potenticmeters, foot pedels, ar< the like, the ucer
cculd perform the functicns of a concductcr while the Synclevier plays 2 prescriked
scere.

3.8 Drawbacks

Although the ABLE/Synclavier meets the first eight specificaticne listecd in
secticn 2, 1t is cdeficient on point S (exparsibility end elterebility). The cCevice
is a hercéwere optimizetion of & small subset of kncwn cigitzl synthesis technicues. -
The principal cesicn gcal wes realtime performance arnd little thought was given to
future cevelcrment. ‘The scftware synthesis cepsbilities of the prcposec
cenfiquraticen previce some reem for grewth but realtime music gererstion with
alternate technigues would not be possible without edcéiticnzl hercdware investrenrt.
The icdezl cdigitzl synthesizer wculd ccrmbine the generality of a scoftware system
with the speed of a hercdware irplementetion. .

In my opinion, the Synclevier has cne serious cdesign flew with respect tc its
cutput cenficuretion. Each instrument in the device is "frezen" in e perticuler
gucio ocutrut chernel. The 32 instrurents of the orchestrz are distributed in peirs
cover 16 cnarnels. For quedraphcnic output, these chennels wculd have to be merged
by means of an sudio mixer. Reverberation ard spzatiel lcceticn would have to be
prccuced in the analcg cdomain with conventionel recording stucic techrelcgy.
althcugh this spproach is fezsible, it represents a backward step in music
techrology. This mixing and reverkeration fecility wculd cerry & price tag cf
$2,000 to &,£2€ (not incluced in the precsent prcpeoszl). '



A further difficulty w1th the Synclav1er is that its cnly cutput is anzleg.
There is no meens of accessing the digital cats before it enters the LACs. If such
& fecility were availeble, the mixing and ﬁarrlng functicns micht have been hencled
in scftwere. 2 possible alternative (which is being inve tlcatec) kCLlO ke to krirg
the enalcg cutputs beck into the computer fcr further prccecsvrg viz the 2ICs. It
has not keen ceterminec as yet whether the system cen perform at tbe speecs which

would be necessary to acccemplich this processirg.

In sunwery, the deficiencies of the prorosed system would effect cur ability
to keep ebreast of new oevelcprents in éigital synthesis technicte in the
interaective realtire procducticn mcde. The software synthesis cepzbilities would ,
ﬁllcw US access to these technicues for research and pecegcq1cc1 Furccses, hcwever.

4 Ccrclusion

The system cescribed in cection 3 should be regarded as a scluticn to
Cberlin's reecs in computer music for the immediate future (five years, more or
less). The RBLE/Synclevier is viezble from artistic, peccgcglcal end research
viewpoints. I rmust enpha51ze, hcwever, that it emerged as my first choice by
ceferlt. 2g cutlined in section 3.8, it is no lcrger "state—cf-the-art" in a numbker
of important respects. If it were epproved funded, ano Celivered within the next
year, we woulc be treding the immediate beneflts of & proven system fcr elmeost
irmedizte ckeolescence. - As I heve indiceted, the technlcal Cevelcrments which ere
presently zfcot in digital sound synthesis ray rzke it posgible to bring forwarc én
alternate proposal in es little as six months frem this writirg. In 2 sense,
therefore, this coccument should be seen as a pregress report aend es @ rneessure of
the cderth of the evaluasticn precess.

I rezlize thet my ccntinued investigaticns cznrot cdelay the Cemputing Center's
pregress in evelueting soluticns to general corputing reeds at Cherlin. Therefcre,
I cffer the follewirng worklng sssumptions which (horefully) wil1 allcw beth
prccesses to prcceed in perellel toward satisfectory soluticns

1) Tke tctzl cest of 2 new ccrputer music system would fall st cr under the
$6£,EL8 werking ficure assumed ebove. We are investigating scurces of cutsice
funding fcr this preciject. Hewever, if (es & last rescrt) the music system must ke
incluced in the cost cf a rew central cerputing Cystem, this weculc regrecent &
cignificent sevirgs (using LEC's $lEG €66 ecstimete for reazltire preocessing con its

PCE-16 cr ELP-2¢ conputers).

z) The music system weuld be interfaced to the CEU via & hich speed data lire
(5€LE baud) erd would function in the seme manrer es the PCP- 11 system precently
cperating in the Physics Lerertment. In this mcde, the music system would zprear to
the CEU es & terminzl with the least complicated mcde of communicetion possikle. A
reeltime cperatirng system on the CPU would not ke reguired.

3) The disk end computing recuirements of music users on the centrel system
would be no grecter than the recuirerents cof other users of the tire-sharing
facilities. "The continued availability of APL is assumed.

I hcge this report will ke helpful to all those who are ccncerred with et
interested in the cdevelopment of the Cberlin Corputer Music System. &s elways,
-~ will be rcn§y to receive ccrrents on this report and to answer .eny cuestions whlcn

arise frem 1ts reeding.



NEW ENGLAND DIGITAL CORP.
P.O. Box 305
Dggvnch, Vermont 05055

QUOTATION
. Prof, Gary Nelson ‘ )
TO: Oberlin Conservatory of Music DATE: 11/8/73
Cberlin College
Oberlin, Chio 44074
Item. - Quantity ' Description Price
1. 1 NZDCO Model A/60 Computer, including
processor, memory, power supply, chasis,
cabinet, 8" diskette subsystem (dual),
terminal port, program load, real time clock $9,650.00
2. 5 mSK Memory units for additional 40,960
words (16-bit) of memory (total of
57,344 16-bit words.  $1250.00 ea 6,250,00
Ste 1 D4567 Hardware Multiply Divide Unit 600,00
4e 1 D4042 Dual Seriil Port 375.00
Gl 1 d12 Analoz to Digital Converter 775.00
54 1. APl Analoz Input Panel (phone jack) 100.C0
7e 1 D156 Scientific Timer 420,00
Be 1 D70 Cscilloscope Interface 860,00
9. 1 D34 Digital IO Module 345,00
10. 4 Synclavier Digital Synthesizers 7,987.50 ea. 31,950.00
1L. 1 Control Panel and Clavier, with interface 2,500,00
12. 1 25 Megabyte Disk Unit, 100,000 words per 14,000,00
i second transfer raje
134 1 D34 Digital I0 MCdule for connection to
existing DAC subsystem 345.00
DELIVERY: - . This quotation shall remain firm for 30 days

from the date hereof unless modified in
writing by: New England Digital Corp. prior
to the acceptance of the above agreements.

In the event that payment is received in excess

of 30 days from date of invoice, a Service Fee
of 1A% per month (18% annual rate) shall be
assessed. In the event that collection procedures M

are required by New England Digital, the buyer
shall pay all costs of collecting, including, but

=t limitad $n ~allantinna Fase soncanzhla

Authorized Slgnature



NEW ENGLAND DIGITAL CORP.
P.O. Box 305
Ngrwich, Vermont 05055

QUOTATION
TO: Gary Nelson, paze 2 DATE: 11/8/78
Item Quantity Description Price
14, 1.0 3oxes of 10 diskettes each $125/box 1,250.00
TOTAL SYSTEM PRICE: ' $69,360,00
1ESS 20¥% EDUCATIONAL DISCOUNT: : -13,872.C0
NET EDUCATIONAL PRICE: $55,483,00

Included at no charge:

1. Scientific X?L Operating Systen
2. Synclavier System Program
3., Program Diskette #] -~ Format, Duplicat, Cdadnfizur

Scheduled delivery will be 90 days after rgceipt of
purchasa order. Complete 90 day warranty [( parts
and laber) included,

DELIVERY: This quotation shall remain firm for 30 days
from the date hereof unless modified in
writing by: New England Digital Corp. prior
to the acceptance of the above zgreements.

In the event that payment is received in excess

of 30 days from date of invoice, a Service Fee
of 1'%4% per month (18% annual rate) shall be
assessed. In the evemt that collection procedures ""\

are required by New England Digital, the buyer

shall all costs of collecting, including, but . (
i,“ 1:?.?:):-\4 io-_sn?..f?_ Eanm g.Ei--Li.g N AUthonzed SIgnamre
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