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SYSTEMS CONCEPTS

DIGITAL SIGNAL SYNTHESIZER

The Systems Concepts Digital Synthesizef is a computer-driven
real-time device which creates signals such as represent the
sounds of music and speech. It eliminates the former problems
of analog synthesizers, such as drift, poor tracking between
units, inaccuracy, and inflexibility. It adds the benefits of
control from a general-purpose computer, with which sound can
be composed, edited, and remembered or recalled in real time
or at any slower rate, and it matches the computer in rapid
flexibility.

Basic elements of the Digital Synthesizer are generators and
modifiers. Generators are controlled sources of signals, and

modifiers are controlled signal processors.

Each generator can provide any of the folloWing waveforms:
sine, sum of cosines (equal amplitude harmonics), square, saw-
tooth, or impulse train; performs freguency modulation if de-
sired; and automatically can apply any of the following enve-
lopes: linear rising or falling, exponential growth or decay,

or asymptotic rise or fall.

Each modifier can do any one of the following: simulate a pole
or pole pair (resonator), simulate a zero or pair of'zeros,
scale an input, mix two inputs, perform amplitude modulation

or ring modulation ({(four-quadrant multiplication), or generate
uniform noise. Basic nonlinear operations are also provided.
Arbitrarily complex filtering (low pass, high pass, band pass,
band stop) can be accomplished by cascading pole pairs and

Zeros.
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System architecture permits sums to be formed of the outputs
of any number of generators or modifiers. The output of any
generator or modifier, or the sum of several such outputs,

can then be used as the data input or modulation input to any

modifier, or as the frequency modulation input to any generator.

An optional Delay Memory attachment permits any modifier to

act as a delay unit or as an all-pass reverberator.

The number of generators and modifiers available at any instant

depends on the sample rate at which the synthesizer is operated.

Sample Rate Generators Available Modifiers Available
50 KHz 96 ' 48
30 KHz 160 ' 80
20 KHz 240 120
18.75 KHz or less 256 128

Output can be sent either to four high-resolution digital-to-
analog converters, or back to the cohtrolling computer for
further processing or storace. Complete test and diagnostic
features are built in. Interfacing can be provided for any

positive-logic TTL oxr DTL computer.




A Portable Digital Sound Synthesis System

H. G. Alles

Bell Laboratories
Murray Hill, New Jersey 07974

A complete real time digital sound synthesis system has
been constructed. In one compact unit (42" w x 25" h x
18" d, weighing ~300 1b) shown in Figure 1, the following
equipment has been included:

A. A Digital Equipment Corp. LSI-11 based general purpose
computing system with '

1. Two floppy discs with DMA controllers

2. A 64k word mapable memory for Table and I/0
buffering

3. An ASCII and graphics video terminal with full
ASCITI keyboard

-B. A performer interface that samples and independently
filters the position of 256 input devices with 7 bit
resolution (~100-200 different positions) at a 250 hz
sampling rate. The input devices include

1. Two 61 key organ type manuals (the position of each
key 1s measured with 7 bit resolution 250 times/sec)

2. 72 slide levers
3. Four 3-axis joy sticks
4. A variety of other things

C. A 16 bit digital synthesizer operating at 30k samples/sec
with

1. 32 FM sinewave oscillators (.00Z hz frequency
resolution and 14 bit accuracy)

2. 32 FM oscillators that directly generate the
first N (1 <N <127) harmonics of the specified
frequency

3. 32 completely programmable second order digital
filters (two pole and two zero) that may be signal
controlled



4. 32 AM (4 quadrant) multipliers
5. 256 envelope generators (linear or logarithmic)

6. A 2 second (64k word) digital reverberation and/or
signal driven lookup table with 64 programmable taps

7. An array of 192 accumulating registers for inter-
connecting all the devices in any arbitrary way

8. Four channels of 16 bit D/A output
9. Two channels of 14 bit A/D input

D. An array of 255 independent timers (1 ms resolution)
with 16 FIFO's for sorting and storing timing events.

All the devices are bus interface to the LSI-11 computer and
all the control words appear in LSI-11 address space (6%
words). Approximately 1400 IC's are used in the entire system.

All of the system components have been designed to complement
each other's capabilities. Special purpose hardware was con-
structed to perform those tasks which are repetitive and time
consuming (timekeeping and performer input filtering).

Since there are no handwired connections between the input
devices and the synthesizer hardware, and since synthesizer
interconnections are accomplished through program loaded con-

trol registers, the whole system may be used in a variety of
ways. For example:

A. All the control parameters may be specified in real time
and at performance time.

B. Several files may be prepared in real time, but before
the performance. Then at performance time the files may
be played with some subset of the control parameters
supplied during performance.

C. Files may be prepared and/or edited in nonreal time,
incrementally improving the original performance.

The total real time synthesis capacity depends, of course, on
the type of synthesis techniques and configuration used. The
LSI-11 and floppy disc multiple file system can support ~1000
parameter changes/sec. These parameters may be used to specify
frequencies, envelopes, configuration changes, graphic displays,
etc. This data rate should be able to generate ~100 reasonably
complex notes per second.



This system is perhaps the first representative of a new
generation of musical instruments that combines in one
relatively portable unit all the hardware and interfaces
necessary to produce in real time and in a performance

environment sounds appreaching the complexity of a modest
orchestra.



A Modular Approach to Building Large Digital
Synthesis Systems

H. G. Alles

Bell Laboratories
Murray Hill, New Jersey 087974

A series of four one-card special purpose processors
have been designed and built that allow arbitrarily large
digital synthesis systems to be constructed in a systematic
fashion. The system may be started very small (one module)
and grow a module at a time as additional processing becomes

necessary or affordable.

Each module is bus interfaced to a Digital Equipment
Corp. LSI-11 microcomputer. Commercial interfaces are
available to convert the LSI-11 bus to the PDP-11 Unibus so
that any of these modules may be used with any PDP-11 com-
puter. A module requires lk word of LSI-11 address space
for control parameters. The control words may be manipu-
lated by any LSI-11l instruction. A module is built on a 8"
x 18 1/2" wire-wrap card (the same size as the LSI-~1ll pro-
cessor) with space for 162 IC's. The modules and the LSI-11
with 1its peripheral cards mount in a common housing. The

system produces 32k samples/second data. Typical data paths

are 24 bits wide.




Oscillator Module

This module provides 64 FM oscillators with 128 1linear
or exponential envelope (ramp) generators. It has a 16k
word by 14 bit program loaded memory for storing the wave
shape the oscillators will produce. Fifteen general purpose
registers and an adder are provided to interconnect the
oscillators and combine their outputs. All calculations

have 24 bit ac¢aracy.

Filter Module

This module provides a minimum of 32 general purpose
second order filters (two poles and two zeros). LSI-11
accessed RAM storage is provided to store 128 different
filter programs (96 bits each). Each filter section has a
control word that specifies the program that it is to exe-
cute. The control word may be supplied by the LSI-11 cor it
may come from a signal path, making in effect a signal (vol-
tage} «controlled filter. The filter can also perform some
nonlinear functions such as half and full-wave rectifica-
tion. A filter section may be made into a sine wave oscil-
lator (a filter with infinite "Q") so that it may act as a
synthésizer also. A single 32 kHz process may be sub-
multiplexed to provide two 16 kHz sections or four 8 kHz
sections, thus greatly increasing the number of filter ‘'sec-
tions available. An array of general purpose data registers

are provided so that multiple filter sections may be inter-



connected and/or their outputs combined.

Reverberation Module

This module provides a 48k word (16 bit) data memory,
64 independent "tap" processes and an accumulating and
switching array for interconnection. Each tap process con-
sists of a decrementing Apointer, a base address, and a
pointer reset value which allows any arbitrary section of
the 48k word memory to function as a digital data delay
unit.. Following the delay unit, there is a multiplier (16 x
16 bit producing a 24 bit product), an adder, and an array
of 256 data registers. Control words allow any ‘of these
registers to be used as delay inputs, outputs, etc. Thus,
there are 64 independent delay units of arbitrary delay

length (total delay can not exceed 48k word).

A tap process can also function as a lookup table
translator. In this mode, a section of the delay memory is
loaded with some arbitrary function by the LSI-11, and writ-
ing into this section by the tap process is inhibited. The
decrementing pointer is over written by the output of
another tap process so that signal data actually supplies
the pointer and thus choses the sample from the prelocaded
table. An arbitrary wave shape oscillator may be made by
uUsing one tap process to generate a periodic ramp function
(by accumulation) and using this as a pointer to a section

of the delay memory that 1is 1loaded with the wave-shape.




Another use would be to introduce ‘precisely controlled dis-
tortions (particularly amplitude dependent) to simple

sinusoids to produce more complex waveforms.

Switch Module

This module provides eight input and eight output time
multiplexed ports (24 bit data plus control signals) and a
register array to interconnect any combination of the three
modules described above. It may also provide connections to
A/D's and D/A's, or any future module. An adder and multi-
plier are included sc that signals may be combined and/or
scaled in the switch. The register array contains 255 gen-
eral purpose registers plus a pseudorandom white noise
source. These registers appear in LSI-11 address space soO
that scale values, additive offsets, and signal data may be

directly manipulated by program control.

The switch is a high speed processor with a simple
instruction set that executes a 488 word program every 32
pusec sample period. The instruction set includes the fol-

lowing operations:

th th

1) Move the n input port to the m register

th

2) Add the n input port and the mth register

th

3) Multiply the nth input port and the m register



4) Move the adder output ot the mth register

5) Move the multiplier output to the mth register

6) Move the mth register to the nth output port

The program is executed in sequence (no jumps) and the posi-
tion of an instruction in the sequence determines which I/0
port and timeslot is utilized. The band width of any port
is simply a function of the number of times the port is
specified in the program. A simple path from an input port
to an output port requires two instructions. A path involy-
ing an adg or_multiplf requires three instructions. addi-
tionally, a second (nonactive) program space is provided,
and may be swapped with the active program using a single

LSI-11 instruction.

This system provides many attractive features. The
three basic processing modules may be used alone. Each of
them may be configured as oscillators and they provide
adders, multipliers, and an array of registers for intercon-
necting sections. Their inputs and outputs easily connect
to A/D's and D/A's. A system may be started with only one
module and a simﬁle LSI-11 operating system. Additional
modules plug into the LSI-11 bus and may be used indepen-
dently. As the system grows, a switch module may be added.
For gigantic systems, ports of two or more switch modules
may be interconnected. Since each module contains a switch

and accumulation array of its own, the interconnection may



be done in stages which simplifies the center part of the

network.

A single LSI-11 will not be able to control a large
system, tut a multiple LSI-1l system is quite feasible since
the control and data paths are independent. By functionally
pacrtitioning the processihg tasks, the data flow between
L8I-11's can be made quite low. Only one processor need
have access to a mass storage file system. An analogy can
be made to the way an orchestra is controlled. Each LSI-11l
is given (via a simple LSI-1l to LSI-1l1 interface) only the
part of the score that it is responsible for synthesizing
with the modu;es connected to its bus (like the performing
musicians). The synthesis algorithms and contigurations
arrive by the same path. There may be many of these proces-
sors. Another processor may control the switch and mixing
of wvarious parts (the recording engineer). A final proces-
sor may act as conductor, keeping the other processors syn-
chronized, distributing global control parameters, and
perhaps interfacing to a human performer. In this way, a
real time digital orchestra can be assembled in a systematic
and rational way without a prohibitively expensive initial
investment. Experience gained with the simplier configura-
tion can direct the path of future development without fears

of accumulating useless hardware.



A One Card 64 Channel Digital Synthesizer

H. G. Alles

Bell Laboratories
Murray #ill, New Jersey #7974

Pepino di Giugno

IRCAM
Paris, France

A digital synthesizer providing 64 FM oscillators at 32 kHz
sampling rate, 128 envelope (ramp) generators, and 15 accu-
mulating registers for interconnecting the oscillators has
been constructed from 168 integrated circuits on one wire
wrap card 8" x 18 1/2". A block diagram of one of the &4
oscillators 1is shown in Fig 1. The synthesizer is bus
interfaced to a Digital Egquipment Corp. LSI-11 microcom-
puter. All control parameters appear in lk word of LSI-11
address space and may be manipulated by any LSI-11 instruc-
tion.

The oscillator phase is calculated by a 24 bit accumulator
which provides a frequency resolution of ~.082 Hz. The
phase is used as the address to a 16k word x 14 bit wave
shape table. The samples in wave shape table are loaded by
the LSI-11 so that any wave shape may be used. This size
table produces ~84 db signal to noise. Additionally, the
16k word table may be divided into two independent 8k
tables, four 4k tables, or one 8k and two 4k tables. A con-
trol word for each oscillator is used to specify the size of
the table and which table is used by that oscillator. Thus,
up to four different wave shapes are available simultane-
ously. One of the wave table sections may be loaded while
other sections are being used.

The 14 bit wave table output is multiplied by a 16 bit
(signed) amplitude rtunction, and 24 bits of the resulting
product are retained. An array of 15 general purpose regis-
ters 1is provided to interconnect oscillators and combine
their signals. A 1l6th register is available as a source of
"zercs" and as a sink for unused output data. Each oscilla-
tor accesses the array four times. The actual registers
used are specified by different four bit fields in the
oscillator control word. The oscillator ocutput may be added
to the contents of any register and the sum loaded into any



other register.'

The oscillator frequency and amplitude values are generated
- by ramp processes that calculate new values at a 4 kHz rate.
Each ramp is controlled by 4 words in LSI-l1l address space:
the start (current) value, the final value, the increment
value, and a control word. The increment 1is added (49089
times per second) to the start until the final is equaled or
exceeded, then the final value is continually used until new
values are loaded by the LSI-11l. Since 24 bit registers are
used, ramp times as long as 1/2 hour are available. Any
combination of positive and negative values may be speci-

fied. There is full protection against all types of over-
flow. ' :

Any ramp process may be optionally enabled to generate an
LSI-1]1 1interrupt when the final value is reached. A First
In First Out (FIFO) buffer structure is included to queue
the interrupt events so that only one address need be
accessed to find which ramps have reached their final value.

The current ramp value may be optionally exponentiated
before it 1is used as the amplitude (or frequency). A read
only memory conversion table and shift technique yields .2%
accuracy over a 96 db (or 15 octave) dynamic range. Thus,
exponential attacks and decays are simply produced and
octave frequency scaling is easily done.

Each oscillator's phase is calculated using two inputs: the
ramp process and the data from one of the 16 registers.
Thus, the output of one oscillator may be used to 1linearly
modulate the frequency of another oscillator.

As shown in Fig. 1, the multiplier may be used in some
optional ways. Data in an array register (rather than the
wave table) may be used as the multiplier x input. This
allows the amplitude of some complex signal (additive syn-
thesis) to be controlled by a single ramp function (with the
sacrifice of one oscillator). The multiplier y input may
come from a register also. This allows one oscillator to
amplitude modulate another oscillator. Finally the x and y
inputs may both come from registers so that the outputs of
two oscillators may be multiplied together. The multiplier
options and the 15 general purpose registers provide a good
deal of flexibility. For example, a second order filter

section (two poles and two zeros) may be implemented using
five oscillator sections,

The address, data in, and data out signals of the 15 regis-
ters are available to external devices for a .5 usec period
every 2 pusec. Data may be read from or written into any of
these registers by an external device during this time.  If
no external address is supplied, the contents of the last




register is put out during this time. In the simplest case,
a signal from the synthesizer may clock the data to a D/A.
However, more complex networks of these synthesizers and

other units may be built by using some external circuitry
for interconnection.

Contrel bits are provided so that the phase and ramp
processes may be started and stopped synchronously. This
allows the synthesizer to be used in a variety of non-real’
time application. For example, it could be used with a
MOSIC V system as a peripheral processor where the syn-

thesizer output data is read into the general purpose com-
puter for further processing.

This versatile synthesizer provides on one compact card sub-
stantial real time capabilities. Combined with a floppy
disc operating system for the LSI-11, a powerful synthesis
system may be had for a relatively small price.
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A 256 Channel Performer Input Device

H. G. Alles

Bell Laboratories
Murray Hill, New Jersey 07974

A generalized interface between a performer and an LSI-11
microcomputer for use with a digital music synthesizer has
been designed and built. It is capable of encoding the
positions of 256 independent devices with up to 8-bit
resolution at 250 samples per second (64,000 8-bit samples/
sec). In this system, 122 of the devices are the keys of
two organ-type manuals, 72 devices are "slide pots",

20 devices are pots on "joysticks", and 4 devices are touch
sensitive sliders. The remaining channels are available for
future use. ‘

A digital filter process is provide& to reduce redundant
position information.

The processor-encoder and LSI-11 interface is built from

v~ 80 IC's on a wire wrap board the same size (8" x 10-1/2")
as the LSI-11 computer card. An additional small printed
circuit card (v 6" x 4-1/2'") containing 5 IC's is required
for each group of eight devices. Groups of eight such cards
are connected to the processor via a '"daisy chained" 16-wire
flat ribbon cable. Thus, only four ribbon cables are
required to connect the processor-encoder to the 256 devices.

There are two different types of device cards. One card
type encodes the position of any variable resistor. '"Slide-
pots'" may be directly scldered onto this card, or the wires
from a separate variable resistance device may be soldered
to the board. The second card type is used to interface

the organ manual keys. A novel capacitive coupled "antenna"
is used to sense the key position., Eight antennae, their
amplifiers and an 8 to 1 multiplexer are mounted on one
printed circuit card. The antennae are spaced to match the
key spacing. The cards are simply mounted below a standard
keyboard so that the normal switch pins make mechanical
contact with the antennae. The mechanism can resolve ~ 100
different positions of a key.

The keys have been weighted and extra strong return springs
are used to produce a more pleasing "feel". Rubber bumpers
are mounted below each key so that they quickly increase
the effective spring constant after the keys have been
depressed ~ 70% of their allowed travel.



The position versus time information from a key may-be
processed by the LSI-11 in a variety of ways to derive
interesting control parameters. The velocity may be accu-
rately obtained by taking the first difference of successive
samples. The static position during the last 30% of travel
is a function of the key pressure. More complex types of
motion may be detected and used to specify any variety of
control parameters.

This interface system is particularly clean in appearance
and easy to maintain. Since the device cards are physically
close to the devices they are encoding and since the cards
are daisy-chained together in groups, very few wires are re-
quired for the complete interface. This greatly simplifies
construction, debugging and maintenance. Individual device
cards are interchangeable and simple to replace. Since

the interface to the keys does not use any moving electrical
contact or switch, they are relatively trouble free.

This interface provides an extremely broad band data path
from the performer into a computer. It should be able to
encode all the information a musician can Produce in real

time, including those subtleties often missed by conventional
music keyboards.




PROGRAM

MUSIC COMPUTATION CONFERENCE
December 2 and 3, 1974
MICHIGAN STATE UNIVERSITY
Fast Lansing, Michigan 48824
Because of the unfortunate weather and the many delayed arrivals, the starting
time of the conference has been shifted to 1:30 Monday. Additional reorganiza-

tion of the sessions may be required.

All conference sessions will be held in Room 33 of the MSU Union.

December 2
MONDAY AFTERNOON:

12:00 Registration desk opens in front of Room 33 in the MSU Union.

1:30 PROGRAMS AND COMPOSITIONAL ALGORITHMS

MUSIC COMPUTATION AT THE CENTER FOR MUSIC EXPIRIMENT
Bruce Leibig, University of California, San Diego

RECENT WORK IN COMPUTER~AIDED COMPOSITION AND DIGITAL SOUND SYNTHESIS
Gary Nelson, Oberlin Comnservatory

HYBRID SYSTEMS

QBERLIN HYBRID COMPUTER MUSIC PROJECT
Sergio Franco, Oberlin Consgervatory

THE ISMUS PROJECT AT IOWA STATE UNIVERSITY
Stefan Silverston, Iowa State University

EXPERIMENTS WITH A HYBRID SYSTEM
J.E. Lay, Michigan State University

LATE AFTERNOOW AND EARLY EVENING:

SPECIAL PURPOSE HARDWARE FOR DIGITAL SYNTHESIS

A DIGITAL MUSIC SYNTHESIZER BASED ON DIGITAL FILTERS
Harold Alles, Bell Telephone Laboratories, Murray Hill, N.J.

THE DIGITAL SYNTHESIZER AT THE CENTER FOR MUSIC EXPERIMENT
Robert Gross, University of California, San Diego

THE SYSTEM CONCEPTS DIGITAL SYNTHESIZER
Peter Samson, Systems Concepts, San Francisco, Ca,

A REPORT FROM MIT
Barry Vercoe, Massachusetts Institute of Technology

Discussion led by Andy Moorer, Stanford University

MONDAY EVENING:

8:30 CCNCERT OF COMPUTER RELATED MUSIC, MSU UNION BALLROOM




Music Computation Cenference ) Tuesday Program

All sessions will be held in Room 33 of the MSU Union
December 3
TUESDAY MORNING:

9:00 COMPOSITIONAL ALGORITHMS

MUSIC COMPUTATION AT COLGATE UNIVERSITY
Dexter Morrill, Colgate University

COMPUTER MUSIC FOR THE COMPOSER
Wayne Slawson, University of Pittsburg

16:30 Coffee

10:45 ON COMPOSITIONAL ALGORITHMS
John Melby, University of Illineols

COMPUTER COMPOSITION WITH TRADITIONAL NOTATION QUTPUT
Don Byrd, Indiana University

THE DARTMOUTH MUSIC PROJECT
Paul Tobias, Dartmouth College

12:00 Lunch
TUESDAY AFTERNCON:

1:15 METHODS FOR ANALYSIS AND SYNTHESTS

TONFAN: A PROGRAM FOR TIME VARIANT HARMONIC ANALYSIS
James Beauchamp, University of Illincis

ANALYSIS BASED ADDITIVE SYNTHESIS
Andy Moorer, Stanford University

3:00 Coffee

3:15 PSYCHOACQUSTICS AND COMPOSITION OF TIMBRE

MULTIDIMENSIORAL PERCEPTUAL STRUCTURES FOR THE
REPRESENTATION OF TIMERE
David L. Wessel, Michigan State University

RECENT EXPERIMENTS ON TIMBRE SPACES
John M. Grey, Stanford University

"untitled presentation"
John Chowning, Stanford University

TUESDAY EVENING: Hold open for weather delayed sessions.

This conference was made possible by a grant from the National Endowment for
the Arts, and assistance from the Department of Music, Department of Psychology,
Computer Institute for Social Science Research, and Computexr Laboratory of
Michigan State University. Special thanks go to the MSU Union Activities Beard.



PROGRAM

MUSIC COMPUTATION CONFERENCE
Decerber 2 and 3, 1974
MICHIGAN STATE UNIVERSITY

East Lansing, Michigan 48824

All conference sessions will be held in Room 33 of the MSU Union.

December 2
MONDAY MORNING:
8:30 Registration desk opens in front of Room 33 in the MSU Union.

9:30 PROGRAMS AND COMPOSITIONAL ALGORITHMS

MUSIC COMPUTATION AT THE CENTER FOR MUSIC EXPERIMENT
Bruce Leibig, University of California, San Diego

RECENT WORK IN COMPUTER-AIDED COMPOSITION AND DIGITAL SOUND SYNTHESIS
Gary Nelson, Oberlin Conservatory

10:45 Coffee

11:00 HYBRID SYSTEMS

OBERLIN HYBRID COMPUTER MUSIC PROJECT
Sergio Franco, Oberlin Conservatory

THE ISMUS PROJECT AT IOWA STATE UNIVERSITY
Stefan Silverston, Iowa State University

EXPERIMENTS WITH A HYBRID SYSTEM
J.E. Lay, Michigan State University

12:20 Lunch
MONDAY AFTERNOON:

1:30 SPECIAL PURPOSE HARDWARE FOR DIGITAL SYNTHESIS

A DIGITAL MUSIC SYNTHESIZER BASED ON DIGITAL FILTERS
Harold Alles, Bell Telephone Laboratories, Murray Hill, N.J.

2:30 Coffee

2:45 : THE SYSTEM CONCEFPTS DIGITAL SYNTHESIZER
Peter Samson, Systems Concepts, San Francisco, Ca.

A REPORT FROM MIT
Barry Vercoe, Massachusetts Institute of Technology

Discussion led by Andy Moorer, Stanford University

8:15 CONCERT OF COMPUTER RELATED MUSIC, MSU UNION BALLROOM



Music Computation Conference . Tuesday Program
All sessioms will be held in Room 33 of the MSU Union

December 3

TUESDAY MORNING:

9:00 COMPOSTTIONAL ALGORITHMS

MUSTC COMPUTATION AT COLGATE UNIVERSITY
Dexter Morrill, Colgate University

COMPUTER MUSIC FOR THE COMPOSER
Wayne Slawson, University of Pittsburg

10:30 Coffee

10:45 ON COMPOSITIONAL ALGORITHMS
John Melby, University of Illinois

COMPUTER COMPQOSITION WITH TRADITIONAL NOTATION OUTPUT
Don Byrd, Indiana University

12:00 Lunch
TUESDAY AFTERNOON:

1:15 METHODS FOR ANALYSIS AND SYNTHESIS

TONEAN: A PROGRAM FOR TIME VARIANT HARMONIC ANALYSIS
James Beauchamp, University of Illinois

THE HETERODYNE FILTER AS A TOOL FOR ANALYSIS OF TRANSIENT WAVEFORMS
Andy Moorer, Stanford University

3:00 Coffee

3:15 PSYCHOACOQUSTICS AND COMPOSITION OF TIMBRE

MULTIDIMENSTONAL PERCEPTUAL STRUCTURES FOR THE
REPRESENTATION OF TIMERE
David L. Wessel, Michigan State University

RECENT EXPERIMENTS 0N TIMBRE SPACES
John M, Grey, Stanford University

"untitled presentation' providing the French airlines do not strike
John Chowning, Stanford University

This conference was made possible by a grant from the National Endowment for

the Arts, and assistance from the Department of Music, Department of Psychology,
Computer Institute for Social Science Research, and Computer Laboratory cof
Michigan State University.




PTate:
When:
9:00 AM.

10:00 A.M,

10:25 A.M.

10:45 A.H.
11:00 A.M.

11:25 AM.

11:45 A
12:00 P.M.

1:30 P.M.

2:20 P.M.
2:30 P.M,

3:00 P.M.

3:25 P.M,

3:45 P.M.
4:00 P.M.

4:25 P.M.
5.7 P.M.
9:00 P.M,

PROGRAM
MUSIC COMPUTATION CONFERENCE II
(subject to minor changes in time and order
of talks within sessions)
407 Levis Faculty Center { except as noted)
Friday, Novémbér 7 o
Registration in lobby of Levis Center

SESSION 1 - Software Synthesis Techniques

*Using Circulant Markov Chains to'Geherate Waveforms for Music"
by Mark Zuckerman and Kenneth Steiglitz, Princeton University

"Recursive Digital Fi]tering;in Music Computation"
by James Justice, University of Oklahoma

Break

Migcal Tract Modulation of .Instrumental Sounds by Digital Filtering"
hy Tracy Lind Petersen, University of Utah ~

"Orthogoral Transforms for Sound Synthesis" :
by Robin B. Lake and Ralph Cherubini, Case Western Reserve University

Question Period
LUKCH

Invited Speaker
Charles Dodge, Columbia University

Discussion

Break

SESSION 2 - Compositioh with Computers 1

maysical Considerations in Computer Music
by Hubert S. Howe, Jr., Queens College

"MP1: A Computer Program for Music Composition®
by Sever Tipei, Roosevelt University

Break

"Is a Computer 'Composing Instrument' Possible?"
by Sterling Beckwith, York Univarsity

"Sixteen Pitch 'Systems' Compared"
Cocktaiis

Computer Music Concert in the Music Building Auditorium.




MUSIC COMPUTATION CONFERENCE II

Page 2

Saturday, November 8

9:00 A.M.

9:25 A.M.

9:50 A M.

10:10 A.M.
10:20 AM.

10:45 AM.

17:10 A M,

11:30 AWM,

11:45 AM.
1:00 P.M.

1:50 P.M.
2:00 P.M.

2:10 P.M,

2:35 P.M,

3:00 P.M.

3:25 P.M.

3:45 P.M,

SESSION 3 - Information Processing Systems

"A Computer-Synchronized, Multi-Track Recording System”
by Larry Austin and Larry Bryant, University of South Florida

"XY Music Input Terminals" :
by Armando Dal Molin, Music Reprographics

WA Model for Detection and Analysis of Information Processing
Modalities in the Nervous System Through an Adaptive, Inter-
active, Computerized Electronic Music Instrument”

by David Rosenboom, York University

Break | |

" 'emploi de 1'ordinateur pour la transcription des tablatures”
by Helene Charnasse, Ivry, France

Soteil--Presentation in Sound and Light" _
by Gary Levenberg and Bruce Rogers, Indjana University

"Audio Interfacing of the PLATO Computer-Assisted Instructional
System for Music Performance Judging"

by G. David Peters, University of I111nois

Questions

Lunch

Invited Speaker
Barry Vercoe, M.I.T.

Discussicn

Break

SESSION 4 - Sound Syﬁthesis Programs

"The Timbre Tuning Digital Synthesis System"
by Bruce Leibig, University of California at San Diego

“Sound Synthesis by Rule"
by Erzolino Ferretti, University of Utah

miysA:  Language for Digital Music Synthaesis"
by Barbara L. Lucido, Columbus, Ohio

"pA Simplie Musical Language for .the Dartmouth Digital Synthesizer®
by Jon H. Appleton, Dartmouth College :

- Questions
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Page 3

4:30 - 6 P.M.

8:00 P

M.

DEMONSTRATIONS, Experimental. Music Studios‘in the Music Building

16 bit D/A converter, Stan Kriz
Synthesize& binaural expériment,'Erco1ino Ferretti

T. 1. 980A computer/synthesizer system, James Seauchamp, Ken
Pohiman, and Lee Chapman

Plato terminal sound output, G. Davfd Peiérs

COMPUTER MUSIC CONCERT; in the Music Bujlding Auditorium

Sunday, November 9

10:00

10:25

10:50

11:10
11:2C

11:45

12:10

12:30
12:45

AM,

P.M.
P.M,

2:00 P.M.

2:50 P
3:00 P

M.

M,

SESSION 5 - Hardware Synthesis Techniques

"The CME Digital Synthesizer"
by Robert Gross, Bruce Rittenbach, and Bruce Leibig, U.C.S.D.

"The Systems Concepts Digital Synthesizer Project--A Progress
Report"

by Peter Samson, San Francisco, Calif.

" Modular Addressing Scheme for a Computer Controlled Digital
Syntnesizer: ‘
by James Beauchamp, Ken Pohlman, and Lee Chapman, Univ. of I11.
Urbana~Champaign

Break

“Specification of a 16-bit A-D and D-A Converters for Audio”
by Stan Kriz, Three Rivers Computer Corp.

"Real Time Digital Audio Synthesis"
by John Roy, Amherst, Mass.

"Real Time F.M. Digital Audio Synthesis"
by Steven E. Saunders, Carnegie-Mellon University

Questions
LUNCH

Invited Speaker
Lejaren Hiller, Stata University of New York at Buffalo

Discussion

Break
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3:10 P.M.

3:35 P

4:00 P.M.

4:20 P.M.

B

A

SESSiON 6 - Composition with Computers 2

"What is a Musical Dimension?"
by David Wessel, Michigan State University

"System Composing" ‘
by Joel Chadabe, State University of New York at Albany

“Rhythmic App?ications of Geometric Series" "
by_Joe1 Gressel, New York City

Questions



PROGRAM

MUSIC COMPUTATION CONFERENCE
December 2 and 3, 1974
MICHIGAN STATE UNIVERSITY
East Lansing, Michigan 48824
Because of the unfortunate weather and the many delayed arrivals, the starting
time of the conference has been shifted to 1:30 Monday. Additional reorganiza-

tion of the sessions may be required.

All conference sessions will be held in Room 33 of the MSU Union.

December 2
MONDAY AFTERNCOMN:
12:00 Registration desk opens in front of Room 33 in the MSU Union.

1:30 PROGRAMS AND COMPOSITIONAL ALGORITHMS

MUSIC COMPUTATION AT THE CENTER FOR MUSIC EXPERIMENT
Bruce Leibig, University of California, San Diego

RECENT WORK IN COMPUTER-AIDED COMPOSITION AND DIGITAL SOUND SYNTHESIS
Gary Nelson, Oberlin Comservatory

HYBRID SYSTEMS

OBERLIN HYBRID COMPUTER MUSIC PROJECT
Sergio Franco, Oberlin Comnservatory

THE ISMUS PROJECT AT IOWA STATE UNIVERSITY
Stefan Silverston, Iowa State University

EXPERIMENTS WITH A HYBRID SYSTEM
J.E. Lay, Michigan State University

LATE AFTERNOON AND EARLY EVENING:

SPECTAL PURPOSE HARDWARE FOR DIGITAL SYNTHESIS

A DIGITAL MUSIC SYNTHESIZER BASED ON DIGITAL FILTERS
Harold Alles, Bell Telephone Laboratories, Murray Hill, N.J.

THE DIGITAL SYNTHESIZER AT THE CENTER FOR MUSIC EXPERIMENT
Robert Gross, University of California, San Diego

THE SYSTEM CONCEFPTS DIGITAL SYNTHESIZER
Peter Samson, Systems Concepts, San Francisco, Ca.

A REPCRT FROM MIT
Barry Vercoe, Massachusetts Institute of Technology

Discussion led by Andy Mcorer, Stanford University

MONDAY EVENING:

8:30 CCNCERT OF CCMPUTER RELATED MUSIC, MSU UNION BALLROOM



Music Computation Conference ) Tuesday Program

All sessions will be held in Room 33 of the MSU Union
December 3
TUESDAY MORNING:

9:00 COMPOSITIONAL ALGORITHMS

MUSIC COMPUTATION AT COLGATE UNIVERSITY
Dexter Morrill, Colgate University

COMPUTER MUSIC FOR THE COMPOSER
Wayne Slawscn, University of Pittsburg

10:30 Coffee

10:45 ON COMPOSITIONAL ALGORITHMS
John Melby, University of Illinois

COMPUTER COMPOSITION WITH TRADITIONAL NOTATION OUTPUT
Don Byrd, Indiana University

THE DARTMOUTH MUSIC PROJECT
Paul Tobias, Dartmouth College

12:00 Lunch
TUESDAY ATTERNOON:

1:15 METHODS FOR ANALYSIS AND SYNTHESIS

TONEAN: A PROGRAM FOR TIME VARTANT HARMONIC ANALYSIS
James Beauchamp, University of Illinois

ANALYSIS BASED ADDITIVE SYNTHESIS
Andy Moorer, Stanford University

3:00 Coffee

3:15 PSYCHOACOUSTICS AND COMPOSITION OF TIMBRE

MULTIDIMENSIONAL PERCEPTUAL STRUCTURES FOR THE
REPRESENTATION OF TIMBRE
David L. Wessel, Michigan State University

RECENT EXPERIMENTS ON TIMBRE SPACES
John M. Grey, Stanford University

"untitled presentation'
John Chowning, Stanford University

TUESDAY EVENING: Hold open for weather delayed sessions.

This conference was made possible by a grant from the National Endowment for
the Arts, and assistance from the Department of Music, Department of Psychology,
Computer Institute for Social Science Research, and Computer Laboratory of
Michigan State University. Special thanks go to the MSU Union Activities Board.




PROGRAM

MUSIC COMPUTATION CONFERENCE
December 2 and 3, 1974
MICHIGAN STATE UNIVERSITY

East Lansing, Michigan 48824
All conference sessions will be held in Room 33 of the MSU Union.

December 2
MONDAY MORNING:
8:30 Registration desk opens in front of Room 33 in the MSU Union.

9:30 PROGRAMS AND COMPOSITIONAL ALGORITHMS

MUSIC COMPUTATION AT THE CENTER FOR MUSIC EXPERIMENT
Bruce Leibig, University of California, San Diego

RECENT WORK IN COMPUTER-AIDED COMPOSITION AND DIGITAL SOUND SYNTHESIS
Gary Nelson, Oberlin Conservatory

10:45 Coffee

11:00 HYBRID SYSTEMS

OBERLIN HYBRID COMPUTER MUSIC PROJECT
Sergioc Franco, Oberlin Conservatory

THE ISMUS PROJECT AT IOWA STATE UNIVERSITY
Stefan Silverston, Iowa State University

EXPERIMENTS WITH A HYBRID SYSTEM
J.E. Lay, Michigan State University

12:20 Lunch
MONDAY AFTERNOON:

1:30 SPECIAL PURPOSE HARDWARE FOR DIGITAL SYNTHESIS

A DIGITAL MUSIC SYNTHESIZER BASED ON DIGITAL FILTERS
Harold Alles, Bell Telephone Laboratories, Murray Hill, N.J.

2:30 Coffee

2:45 : THE SYSTEM CONCEPTS DIGITAL SYNTHESIZER
Peter Samson, Systems Concepts, San Francisco, Ca.

A REPORT FROM MIT
Barry Vercoe, Massachuse;ts Institute of Technology

Discussion led by Andy Moorer, Stanford University

8:15 CONCERT OF COMPUTER RELATED MUSIC, MSU UNION BALLRCOM



Music Computation Conference . Tuesday Program
All sessiéns will be held in Room 33 of the MSU Union

December 3 |

TUESDAY MORNING:

9:00 COMPOSITIONAL ALGORITHMS

MUSIC COMPUTATION AT COLGATE UNIVERSITY
Dexter Morrill, Colgate University

COMPUTER MUSIC FOR THE COMPOSER
Wayne Slawson, University of Pittsburg

10:30 Coffee

10:45 ON COMPOSITIONAL ALGORITHMS
John Melby, University of Illinois

COMPUTER COMPOSITION WITH TRADITIONAL NOTATION OUTPUT
Don Byrd, Indiana University

12:00 Lunch
TUESDAY AFTERNOON:

1:15 METHODS FOR ANALYSIS AND SYNTHESIS

TONEAN: A PROGRAM FOR TIME VARIANT HARMONIC ANALYSIS
James Beauchamp, University of Illinois

TIIE HETERODYNE FILTER AS A TOOL FOR ANALYSIS OF TRANSIENT WAVEFORMS
Andy Moorer, Stanford University

3:00 Coffee

3:15 PSYCHOACOUSTICS AND COMPOSITION OF TIMBRE

MULTIDIMENSIONAL PERCEPTUAL STRUCTURES FOR THE
REPRESENTATION OF TIMBRE
David L. Wessel, Michigan State University

RECENT EXPERIMENTS ON TIMBRE SPACES
John M. Grey, Stanford University

"untitled presentation" providing the French airlines do not strike
John Chowning, Stanford University

This conference was made possible by a grant from the National Endowment for

the Arts, and assistance from the Department of Music, Department of Psychology,
Computer Institute for Social Science Research, and Computer Laboratory of
Michigan State University.




UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

School of Music

MUSIC COMPUTATION CONFERENCE II
COMPUTER MUSIC CONCERT I

Music Building Auditorium, Friday, November 7, 1975, 9:00 P.M.

VOICES (1974) v v « v v v v « .+ . . . . TRACY LIND PETERSEN
GEORGANNA'S FAREWELL (1975} =+ + + « 4« + + « o « + =+ « . JON APPLETON
"FORANDRE": SEVEN VARIATIONS FOR DIGITAL COMPUTER (1969) . . . . . . JOHN MELBY
SCHERZO (1975) + « + + « & « o « « '« « « & « . HUBERT S. HOWE, JR.
"INFRAUDIBLES" (1967) « + « « « « « « oo o « + « « « . HERBERT BRUN

For Five Instruments and Tape




.PRQGRAM NOTES, COMPUTER MUSIC CONCERT

Saturday, November 8, 1975 -

MUTATIONS I, by Jean-Claude . Risset: '
"MUTATIONS I" was coumissioned by the Service de la Recherche of the French
Radio (O-R.T.F.). ALl the sounds of this piece have been synthesized with the help
—of a_digital couputer. [ Provided by the composer with a proper description of the
physical structureé of the desired sounds, the computer using Max Mathews' Music V
programs generates a string of numbers (as many as 40,000 for one second of sound)
which describe in detaill the time waveform of these sounds. " The many numbers-are , . _
then divided into pulses;~which~formnthe.waveuoﬁwthemsynthéfiC4soungsT\ The pilece is
not computer-composed, although some limited developments have been realized auto-
matically by the computer, ‘
In "MUTATIONS I", I took advantage of the possibility, afforded by computer
ﬁynthesis, to use compositional processes at the level of the sound itself —
MUTATIONS I" focuses on harmonic possibilities. The title refers to the gradual
transformation from a discontinuous non~tempered 12 tome scale to continuous fre-
quency changes; it also alludes to the mutation stops of an organ. e
At the beginning an arpeggio chord provides an initial harmonic strvcture,
which will later affect melody, harmony and timbre. Through natural harmonic devel-
opment, analogous to the organ's mutations (although more intricate), the harmonic
structure gives rise to a dense network of frequencies, yielding evolving textures
in which the melody and the harmony are inseparable. After a brief apparition of
rows, the discontinuous scale is eroded by the dense harmonic material and by erratic
deviations. The steps of the scale dissolve into the continuum of frequencies:
sounds will change pitch in a continuous way while staying on the same note, then they
will start an endless upward progression. Glissandi which could go up forever
undergo timbre chanpes. At the end, the upward progression accompanied by pitches
and spectra related to the harmonic structures, goes up to a point where the low and
high pitched components of the harmonic network are liberated.

PROGRAM ETUDE, by Hichael Kowalski:

It is question of strategy. Should one fratemize and risk compromise, ot
remain aloof and unsullied (how boring!)?

I find the fact that this piece was digitally synthesized to be one of the most
trivial, uninteresting circumstances attending its composition.

Common knowledge that 2 piece of mine was computed or digitally synthesized has
repeatedly made my work less accessible to those who suspect me of indulging an
unproductive fetish.

If news of this meeting gets out, I'm afraid that our reputations as gadget
fetishists will be dreadfully enhanced.

POINTS IN TIME, by Joel Gressel:

"POINTS IN TIME" was realized in the Winham Computer Laboratory at Princeton
University in 1973-74. It utilizes Fortran subroutines prior to performance to
create groups of attack points which articulate geometric series of durations, pat-
terns that accelerate or decelerate regularly.

Geometric serles control rhythmic relationships between successive measures,
beats and subbeats. Long time periods are in most cases divided by two contrapun-
tally opposed gecmetric series of measures. Each measure in turn is subdivided by
series of accelerating or decelerating beats which diverge from one another within
theé measure and reconverge to start the next. The geometric series —- which approx-




imate the familiar sound of a bouncing ping-pong ball or its retrograde -- are pre-
sented as clearly differentiable lines at various points of the piece. Particularly
in the early sections, however, the series are disguised by overlapping durations,
mixed timbres, subdivided beats and intersecting registers. Equal note values are
extremely rare, and the templ of individual lines are in comnstant flux.

The pitch successions of these lines are often canonic. Minor thirds, tritones,
the collection F F# C B, and the trichord G E D#, its inversions, and transpositions
are prominent throughout the piece.

PHOENIX, by Larry Austin: _
"PHOENIX" is a computer controlled, electronic music composition for four-
channel tape. The work was composed in 1974 with and for the SYCOM digital/analog .
system, employing a PDP 11/10 computer controlling functions on both Moog and Buchla
synthesizers. The work explores the polyphonic movement of sound sources, the pitch

successions created by such movement, and the spatial textures such combinations

provide,



1977 INTERNATIONAL COMPUTER MUSIC CONFERENCE LIBRARY OF PAPERS
(Available at circulation

esk, Central Library-see program for hours)

C VOLUME 1
THURSDAY :
1. “Understandlng the Behavior of Users of Interactive Computer Music

Systems" - Otto E. Laske.
"Design Considerations for Computer Music Systems" - John P. Walsh.

"A One Caxd 64 Channel Digital Synthesizer" - "H. G, Alles &
Pepino di Giugno.

4, "A Portable Digital Sound Synthesis System" - H. G. Alles.
. “The Carnegie-Mellon Computer Music System Digital Hardware" -
Alice C. Parker, Richard D. Blum, & Paul E. Dworak.
VOLUME 2
FRIDAY
1. "I.N.V.: A Program for Music Processing and Generation" -
Curtis Abbott.
2. "Real-Time Software for A Digital Music Synthesizer" -
Douglas L. Bayer.
3. "Computer Program to Control A Digital Real-Time Sound Synthesizer"
- James Lawson & Max Mathews,
4. "The Composer As Surgeon: Performing Phase Transplants”
- Tracy Lind Petersen. '
5. "Nuances In the Synthesis of Live Sounds”" - Ercolino Ferretti.
6. "Towards Improved Analysis - Synthesis Using Cepstral and Pole Zero
Techniques" - Richard Cann & Kenneth Steiglitz.
7. "Digital Synthesis of Complex Spectra by Means of Non-Linear
Distortion of Sine Waves and Amplitude Modulation" - D. Arfib.
8. "A Fuzzy Hierarchical System Model for Real-Time Visual
Interpretation in Musical Experiences" - Gary W. Schwede.
VOLUME 3
SATURDAY
1. "Some Simplifications and Improvements of the Stochastic Music
Program" - John Myhill.
. "Composing Grammars" - Curtis Roads.
. "A Systems Approach to Composition" - Curtis Roads.
. "New Developments In Stochastic Computer Music" - Jon C. Siddall &
James N, Siddall.
5. "Musicol: Musical Instruction Composition Oriented Language" -
Peter Gena.
6. "A Microprocessor Based Live-Performance Instrument” -
Michael A. Yantis.
7. "A 256 Channel Performer Input Device" - H, G, Alles.

"A Device Able to Get and Play Music" -~ C. Aperghis Tramoni.

4




- 10.

"Transducers and Computer Music” - Lawrence H. Sasaki &
Kenneth C. Smith.

"Envelope Control With An Optical Keyboard" - Paul E. Dworak &
Alice C. Parker.

VOLUME 4

SUNDAY & UNCLASSIFIED

1.
2.

"A Computer Study of Ruggles Melodic Style" - James Tenney.

"Psychoacoustic Aids for the Musicians Exploration of New Material"
David L. Wessel & Bennett Smith. '

"Automatic Music Transcription” - Martin Piszczalski &
Bernard Galler.

"Computer Synthesis of Pivotal Harmonic 12-Tone Rows" -
Charles A. Bodeen.

VOLUME 5

STUDIO REPORTS

1.

"The Indiana University Computer Music System" - Donald Byrd &
Rosalee Nerheim.

"Computer Facilities for Music at IRCAM" - John K. Gardner,
Brian Harvey, James R. Lawson, & Jean-Claude Risset.

"Three Methods for the Digital Synthesis of Chordal Structures
with Non-Harmonic Partials" - James Dashow.

"GROUPE Art et Informatique de Vincennes" - Marc Battier &
Guisseppi Englert.

"Computer Music at CNUCE" - Pietro Grossi.

"Some Reflections on the Nature of the Landscape Within Which
Computer Music Systems are Designed" - Joel Chadabe.

ALSp. '
Cn

ReserVe in the Cent
MUsSTC -

Libyr
MEMOR ary
Uanersity Mgcr&QgOUGHTJ Otto

Im E,
s Internat10n§fsszén%277,.319 Pgs
) rb .







: m*d pT -7 fArpung f-w'd g—--w-e g ‘depanieg -w-d g
~mre g ‘Aeprag {-wd g7 - twe g ‘Lepsanyl ‘Aepssupey :s9Wrl Burmoilod
a3y 3e LIBaqT] A3TSAPATUf TRIIUS] SYF UT {SI( GOTIB[DOIL) IYj JO UOLIDSS

IAI=89Y Yl 1e F[qElrRA®R 3q [IIA 20U2I2Juod 3yl ol pajjtuqns siaded TTV

s I133u8)

IfTTA®puUEy GZT wooy ur -w-d go:y 03 ‘wre QQ:QI wWwoiz Aepanieg Aeldstp ue
aq TTTA I¥D 9TSNW 00§ S04 Ul *(gSf) FTTPITng 30UITIg BIBNpRAFIApU) 391
ur gz/7 WOOY PUB ‘TIEH [BITOSE PUER WNTICITIPNY I23uU3) DTTTAPUBRK © (AND)
sndue) usizey gy IusWrAadxy DTSN I0F 191U2) oyl e pTRY 99 TTIM SIU3AY

L2232 2322222 22222 PR B2 LR T L]

neOITEYS ‘200383 LA1IBY
A3oTouyoa] orsny yaanduwo) uo
30 9INITISUT SIIISOYIESSER 25USI3JUO) TBUOTIPUISIUT ISITH 9/6T

uswATEYD ‘unag 3I99I9H

AqraR uyor

dueyonesayg sawer
STOUITTI JO A1TsIZaTun 71 @ouaxozuo) uorieandmo) TSN S/i6T

UBMITEY) ‘T9SS2M pPIARQ
£1TSasAaTu 21B1S UBSTYOITH avuazsjuony uoTieindmo) oTSDy vI6T

1S9V IDJUGY) SNOTABIJ

spuBy pIBUIIY

SCARATT(Q 2urneg

uop8) InqrTH

21qTa7 sonag

yoequallTyd 2Inig

STOJUERL] SoTiRY)-usafl
£S01H 31290y :991]1TmMU0) IVUIIDJUBOD

L{6T “0£-97 12903130
o089 ueg 1® BIUIOITIRD O AJTSIaaTl)
2TSni Jo juswiaedag
yoxeasay paile[ed pue Juswriadxy JISn I0F I33ua)

HINTIHANOD DISNW FHLOJWOD TYNOIEVNEAINI £/61




sseqelluo) ‘4Ayziaan] weilisg {S0TuollDB[Y ‘uewiysyg praed
uPmIYs§ PLAB( - SITUOIIDSTY ULATIJ ApoI W Pue sseg oI 010§
SOIDATTQ SULINEJ — S521ppYy ButmwodTap
(unTI0ITPNY) LIFINGD

se] 013Q ~ swalsAg o2Tsny I=andwo)
3AT3I0BIDIU JO SIPS[ Yl JO 10TA®Ysg 3UYj Furpuelsiapuf
(TT®H TB3T08Y) ZOGTOHDAS HIASA

STaeg ‘WYDMI ‘I8I0CH "V ‘[ — STBRIUBWEPENZ OTSNK Is1ndmo:)
(T1EH TB2T22Y) TVINOLAL

uoswes 19334 — S9TAISTISIVRIRY) [EBUOLIDUNY pup Juau

—doraang TEOTUYID]L :I9zTsayluis [elt8rg sidesuo) swersdg syl
S8TTV "9 "H - s5uwa3

-s£g sTsoyjufg Telrdtqg 98ae7 SurprIng 03 Yoeoiaddy Jlminpoy vV

STV "D "H-we1sds $T$9YIudg punog Te3TdIg 27qR3iod ¥
SSTTV "D "H puE

ouSnty 1p ourdeg — IvzTsaqluids [elr8rq TPUUBRY] 49 PIB) 2UQ ¥
yeiomg "% [Ned pue ‘unfg ‘d pIRYITY “IsNied ) 91TV

- axempIey TRIT8TQ weasdg odreny reandwo) uoly=K =2182uie) 3yl
qsEen

*d uyor - swaysAg SISny 193ndmoy 303 SU0OIlBISPISuod udrsag

0JSTOUBII UBG .m#nwucou swelsdy ‘uosuwesg 19394 iuvwIley)

- ' (THD) TEVMTEIVH SISHHINAS

00T -00:¢T

GHITI-G¢%:0T

0£-0T-0E:8

0€:TT-0£-8

/7 A8qo32Q *4mpsintyf

aa3ndwon Y3TM sIswiojiag ‘sadeg
(1TeH TeITo2¥) II NOISSHS NOILIGTHXT

seade],
(TT®H TE3T129¥) I NOISSIS NOILIEIHXA

iswalsis oTsnum Iajndwod Jo ulTssp 2Y2 UT Iayjo
yoea sAToauI sissurlue pue siosodwod UBD MOR INOISSADSIA

(wooy IvuaILIU0)) SuotiesiTddy uopivonpy oISy
. (wooy urey) Buri@sy 2immpIey TRITITQ
swe1SAS pPTiqfiH “s10s§8001d0I0TR

urBTUDITH JO AITsSILATU °“UInoTs uyop susmireyn
Sur3eauw sias) TF Jad

(WD) S4AN0YD ISTIALNI TVIDAdS

(9HD) NOILVEISNOWAQ OTdNlS TWD

(WD) uoTIeIIETTAY

00-01-00:8
00:% ~ 001
0E:Yy
oE:g
0L:e
00T
0€2% —00°T
00:T - 0011
00:% ~00:0T

g7 1340300 ‘Aepsaupap

089T(Q UEBS J® BTUIOITTED JO AIISIASATUN
21sny ¢ jusmyxedsag

yo>Ieasay poleTay pue Juawriadxy OISO I0J Iajusd

AINTITANOD OJISOW HHINJHOD IYNOIIVNMALNI LZ6T




sadeL up1g 3I3gqreg I19sodmod yITA {ButuzA2

(TT®H TeaTo4) IA NOISSHS NOILIEIHXH 0€:TT-0E:6 fepinjeg uo souepurozidd) 3014, PUR ,STPUEINH SIIEITH,
soue senoerp stoduerg seTaey)-uwer pue ddr1 sepie)
- TTePPIS "N L pue Bl TE31T29%) N nosId 0g:0T-00:0T
8 'D mor - DISUY 193nduon 971SEYR03§ UL SIusmdoTsARp MSN (TTBH 183T32¥) NOISS
- TonuemIy 21sn de3ndwory 9ATIDERIBIUI UL SASTPNIG ISYIINJ swou3ER -A e pue HosAE -y SeWer
- gursoduo
‘n+g fA3TSIPATUL HmmwwwowoﬂﬁwudWMﬂmMmMWNMM MMEpam:w - — zozTsouluULg punog swWIl-TEsY ® T0Ijuc) o3 uei801d umumaﬁoo
) ) ) : ) 1adeq
) (WNTI0ITPNY) SHHITEODTEY TYNOILISOJHOO 0£:0T-0£+:8 - seT3noq - 132 TSaYIULS Te318TQ B 103 Iiemyjog SWL] TedY
13099y
67 1290320 Aepanies ST34n) — UOTIeIsUsSH pUEB guissaazolig OISNK 103 adendueT ¥ AN
g *91gTreT SInIg UBWATBYD
Shi6 —0C:8

sToSup1z SeTIRYD-UBAL *IBQTTS UYOL (WnTIOATPNY) SISHHLNAS (GNNOS Hod AIVALIOS
ITqURESUY VATA —
xx UOTSSTWISIUT xx
GoTSsNoIsg ‘9frosn uoy | —
uosHOTAY 3I8Goy ~ 5do0] UOISSNAISg
(£219 W uyor £q UOTIBZT[BIL as3andws))
uosSYITIF 3I3G0{ - SIUIEWNIAISUT 10T sdoo
aTquesuy sanbruyodl TeI0A PPPUIIXY
yoseary yzioqa( - (1disoxa) wernbey

g7 1990320 “APprig

-£3TTTo®] yowe 1w pacnpoid s2de1d varjejusssidsi Jo soouemIoJIad
spnTIur [TT# Sixodal OTpPnls 3150 “ITGRITEAE swa]sAs 24l YIaTM UOTIOE
—1971U] 12506mOD SPIBMO] PRIVIITP 3q [TFM UCTSSNIST "SITITTTIRS 2T3ITo9ds

aTquasuy senbTuyoal TEI0A PIPHAIXT
geuol prae( - TBRiO1SEd

% (unTio1Tpny) SENDINAOAL SISTHINAS

("3ued) gz 390390 ‘Leplid

Jnoqe uotiemioul apTacid ol popusiul SUOTSEDS [BIVIAS 2ae sjzodsy oTpnlg

>

(EHD) IMHEINOD HWD 00:8 qirmg SNTTR[ - IBZTSIULG TRITHTE 200§ PIRYSTY 4 94l
unig a7 JIBH - SES9YIuLg Furdeyssaey
sade], — qqeNIH [9BYSTIH -~ UOI]
(TT®H Te3T09Y) A NOISSIS NOILIGTHXH gL —0E Yy -e[NPOR 2SBYJ OLUOSBRIIUT JO suc1leoTTddy TeUOTITSOdIO) WS
. . TTdpeeisiioyag” ﬁﬂdﬂﬂ%@bmz Furaenpoy xa7duo) T YITA UOTIRTNpol
A . . B . Asudnbeig Sursq sele] JUAWNIISUT TRINIEN JO UOTIBTDWILS m@b@
BIUIOFITRD “4979%rag "mooquUasoy PTAE(Q sTSayludg U0 UWOTIVIS IYF $ITNPOIIUT BuTumoy]) Uyor
L3rsaaaTup £u=oaunmm fuolarddy uor SIURY IBN — SAqUIL JO TOIFUOD
WYDYI *19ssTy 2pneTd TeoIsTMy pue 4pnilg 2TISNoDEOYDLsg io3 aBenduel asinduo) V
Jg9r pug ‘UosME Y sowe[ ‘Adaley] URTIY ‘isupied "y uUyop ELESEEL
hmﬁmumbﬁam uo3evurag ‘Aysue] Tneq aaydoasTayy - uorideniag 9ouelsIq AI03]pny Ul Juswriadcd Uy
£1TsieaTuy eURTPUl ‘WISYIeN IVTESAY PUE pILg prEu wOp105 WOl — SIIGEEL TEVISNK 30 JUTTEOS TEUOTSUSWEPTITAR
RO ‘YPBQUeIITY BINLd UBMITEY) £515 wgor — UOTIBUTWTIDSTI( JIQULL IO Fusuw
(uniIolTpny) III SI¥OJLTA CTARLS 00:¢ _BINSES 2T1SNOVEBOYIASS Yl UC IXIIU0) TROTSTH O I29I3F 2]
ysny usao]
(WD) NOILVELSNOWEQI OIQNLS WO 00:2 -00:C ~ suI0JaABM OTpny pozTaT8IQ SuIsseooag pue BuTHTH SUTITPH
Ao yiaiss — 11 3deg AITTToRg TeuoTIdwindwo) VMDD =4l
(UOTITqTIUXa 93 Juranp paieaT(ep 29 TTIa Ioded STUL) 10400] ¥ [ — 1 3ded A1T{ToB4 feuorieinduo) VINOD SUL
apamyag -n £aep - seousriadxy DTSN UL uollel@adisjul i
A QWL [E9Y A0F TOPOW WwoiSAg TeITUIIBISTH £Z2Znd V WALV 00:T  (wnd0d) SOLLSH00V NV DISOR
sadel, 0IPTA PUE OIPOY NI HOYVASHY WALOJHOD HOo4L mmyﬂmu ALISYTATNN Qmomz¢ﬁm HHL
- . . gH0 FS0IBATTQ SULINEJ :UBRITRYD
(ITeH 7227199¥) AL NOISSHS NOILIAIERH 0D:C - 00 ¢ (EH0)} TI SINOdTE OTQNIS 05:s
GLILY
ue( - UOTJeTAPO 9pnTTdmy puE S2ABM 9UTG FJO UOTIXAISTIA sadey],
LmpT-uof Jo suedl Aq ®Il1oadg xa1dwoy Jo sIsayjudg Telrs8rqa — (112l T21To9y) ITT NOISSHS NOTIIIZIHKI 00:/ —-00+%
211789135 YiPuuay pue uue) PIEYITH - Sonbruyos] 0Iaf
4 pue feaisds) Surs) steayzuds/STsATrUy poacadu] spiesMoj * £3ofotm2aL 3O @INITISUI SIIPSOYIESSEH 200197 AxTeq
ar3sn sewep — UBTS9C IPITI4 1URTARA SWIL 10y onbiuysa] ¥ sauuaouIs 9P
uumwumm QUTTODIZ — SPUNOG AATT JO SISIYIUAS 23Ul UT IDTENY anbrlRWIOIUT 312 2311y 2dnoiad f11273uy oddessnyg ‘19T13iBY DIBR
uosaIlag AueqTy 2® "A°N'0'S “2qepRUD T20r
humuy - squerdsuex], aseyg FuJwioJiag :uoaBAng S& iasodmo) ATel] ‘omoy ‘moyse( SIWel
WYDdI ®A3I00f 'V "I susmaTeyd ason ‘uopgp ANgTIM UBLEITERYD
0L 2T-CT:0T (UNTICITPIY) T SI¥04HY 0140LS ac:e

(*3uov) f7 1290320 ‘fepsiny]



sadel
mﬂﬂmm Te1To2Y) X1 NOISSdS NOLITHTHXE 00:¢ ~00:€

Aueqly 3® "A°N°Q°S ‘S9BpERY) 900
*ng “A1SIPATU] I958I] UOWIS ‘¥enX] Axieq
uapomg ‘wWpoyyoolg ‘Tlewy SUBPH
sTIBg ‘WVDHT ‘3I9SSTE 9PReTd-usal
V0D f43TSasaluf pIojuels ‘Surumoyy uyor
T s5039 JI2qoY UBLIATEUD
(unTIo3Tpay) SHILSKS
TSR FALOJWOD H0 NOESHG NV HS0 FHL NI SWATdOdd - TaNvd 00-TT

ylTwg j2uuag pue [osssM plaeg - TETISIEH

may jo uoriBIofdxy s, I9s0dwo) @Yl I0J SPTV DTIEN0IBROYDAS]
Lauuay],

sawe - uoT3deniag 3Te3dsen Teiodwms] jo TIPOKH aoedg OTIAI8H V

ason fouezieg PTRIIY UBDITEYD

(UN§I0ITPNY)} NOILJIAD¥Id ANV SDILSO0IVOHOASd 006
g=de], .
(ITPH TBITOSY) I1TA NOISSHS NOIIILIHXE 00+:¢T~00+6

0E A8qo30Q *‘Awpung

Jsurierd ‘aprozusy drTTug
ATe1T suwoy ‘moyse( sewel — TTRISIBTIOC) TII23F
uorssnoiag *‘stodueig ssramyp-uwap
ST o utr(yI Jo £1Tsiasiu] ‘upig 3I3qIeH - 1014
oueTg ‘I9z3Tad Iudiag
RPTUICITTED ‘AITSIaATU] PIOJUETS ‘UsSmy UBIO] - OTSOH furTsARL]
, 4 UDTSSTRADIUT _
oueidog wWTIBTTJ BASN d
81IEg ‘WYOMI “19SSTY mwnMHUlﬁmQh.|m=UHﬂOBHMLﬂHm%
a1tysduey may ‘o8erTen Yinowjaeq ‘uoilsrddy uop - o031esaq ug
oueTq ‘12217394 1Y3TM(g
sseply A3TSIIATU[ MIETD ‘IeTInd Aa7sapm — S909TJ OJU] JULL
(unTaelTPNY) IHEONOD 00:8

(WoT3TQTYXZ 2Y3 Sufinp paIaaT[ap 24 TITA 1aded s1Yyl)
1933198 WeITIIM -$3av 2yl o3

a7qeoTTddy S9TITATIOV UYoaeesay sotydeig isindwo) 9aayl 1YddVd Q0:¢
02pTa pue sadel
(TT®H TE2TO94) ITA NOISSHS NOLLIHIHXH 00:Z ~-00%Y

AHO SUTIeH UTIMPH pue mﬂcmﬂmgm sajIeyj-uesf ‘S5019H 313qoy
sTOur[[l 30 £3Tsiadatun *AqTsH Wjop
ATE3T ‘BSIg “ADAND ‘TSso1) 0II9TJ
uspamg ‘wloywaolg ‘[ieui SUEH
sTout Il 30 £31Tsiaaru) ‘dweyoneag sswep
ISon ‘spuey piRUISY UBLITEBYD
(unTIOITPNY) AT SIYO4AM OTANIS 00:¢2

S91TY -9 PIOABH — 20Fasq ndu] Isuiogiag [auueyd 967 V
STIUEY
ToEIIH — JUSUNIISUL IDUBWIOIIJ SATT Poseq 10588001d0IITH ¥
yeliom g TREJ pur
I9ied ‘0 9OITY - PIB0qASY TEoTado ue (ita Toijuo) sdoTlaug
Znin BIUES D CPUIN] TOPIOS :UBEATRID .
(UNTI0ITPNY) SWALSAS DISOK FALAIAOD HITM NOIEDVYELINI HWII TVHd 0E:TT-6%:0T

(*3u0d) g7 12qo220 ‘Lepanies



