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This Presentation Can be 
Found at:
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http://www.moforte.com	go	to	the	“News	and	Media”	section	

http://www.moforte.com
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This Thing on the CCRMA Timeline, Down 
on the First Floor
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I’m	going	to	talk	about	this	
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CCRMA History Source

• Andrew Nelson’s “The Sound of 
Innovation” is an excellent overview of the 
history of CCRMA. 


• The period of time leading up to and 
including the Sondius Project is covered in 
Chapter 6 “From Exposition to 
Development” and Chapter 7 “Plucking 
the Golden Gate Bridge”. 


• This presentation includes many audio 
and image artifacts from that period of 
time. 


• The focus is mostly on the technology 
developed at CCRMA with very little about 
the Office of Technology Licensing’s (OTL) 
licensing efforts.
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Stanford Sondius Project (1993-1997)

• Stanford OTL/CCRMA created the 
Sondius project to assist with 
commercializing physical modeling 
technologies.


• The result was a modeling tool known as 
SynthBuilder (Porcaro, et al.), an 8 blade 
DSP farm (aka Frankenstein) (Putnam , et 
al.) a set of models covering about two 
thirds of the General MIDI set and a 
portable C implementation for licensees 
(SynthServer/SynthScript) 


• Many modeling techniques were used 
including EKS, Waveguide, Commuted 
Synthesis, Coupled Mode Synthesis, 
Virtual Analog. 5
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CCRMA/Sondius Physical 
Modeling Pre-History
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Karplus-Strong (KS) Algorithm (1983)
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• Discovered (1978) as “self-modifying 
wavetable synthesis”


• Wavetable is preferably initialized with 
random numbers


• Licensed to Mattel

• The first musical use of the algorithm was 

in the work “May All Your Children Be 
Acrobats” written in 1981 by David A. 
Jaffe.  

http://www.moforte.com/wp-content/uploads/2013/04/maycba8.mp3
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
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EKS Algorithm (Jaffe-Smith 1983)
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• Musical Example “Silicon Valley 
Breakdown” (Jaffe 1992)


• Musical Example BWV-1041 (used 
to intro the NeXT machine 1988) 

http://www.moforte.com/wp-content/uploads/2013/04/SVB.mp3
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
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The KS and EKS Papers Were Published Simultaneously 
in the Computer Music Journal  (CMJ) (1983) 
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http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Karplus-Strong-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Jaffe-Smith_Extensions-CMJ-1983.pdf
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Digital Waveguide Models (Smith 1985)

• Equivalent to d'Alembert's Solution to 
the Partial Differential Equation for a 
string (1747) 


• Used for the Yamaha VL Family (1994)

• Shakuhachi, Tenor Sax

10

https://ccrma.stanford.edu/~jos/mp3/shakuhachi.mp3
https://ccrma.stanford.edu/~jos/mp3/tenor-sax.mp3
http://www.moforte.com/wp-content/uploads/2020/05/Digtial-Waveguide-Paper.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Digtial-Waveguide-Paper.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Digtial-Waveguide-Paper.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Digtial-Waveguide-Paper.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Digtial-Waveguide-Paper.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Digtial-Waveguide-Paper.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Digtial-Waveguide-Paper.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Digtial-Waveguide-Paper.pdf
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The NeXT MusicKit (1988)
• The NeXT MusicKit unified MIDI 

(Control) and Music V (Unit Generators) 
Paradigms. (Jaffe, Smith, et al.) 


• The launch of the NeXT Machine in 
1988 included a performance of a 6 
string physical model along with Dan 
Kolbialka playing Violin.   


• In 1989 Mike Minnick created 
SynthEdit using the MusicKit and the 
NeXT Draw Program


• In 1992 CCRMA took over supporting 
the NeXT MusicKit.   


• in 1993 Eric Jordan and David Jaffe 
created GraSP using the MusicKit and 
the NeXT Draw Program
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https://youtu.be/R3JpBZSsHcA
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Sheila Vocal Track Modeling (Cook 1990)  
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Perry Cook’s SPASM "Singing	
Physical	Articulatory	Synthesis	
Model”

https://ccrma.stanford.edu/~jos/mp3/diphs.mp3
https://ccrma.stanford.edu/~jos/mp3/shiela.mp3
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In 1994 Physical Modeling Was Poised to be   
“The Next Big Thing”. 

• By 1994, FM was the standard for PC Game Music.  In part 
due to it’s small memory footprint.  

• PM was seen by OTL and Yamaha as the successor to FM 
(John Chowning’s pioneering FM patent was expiring). This 
drove the creation of the Sondius Project. 

• However, the cost of memory starting plummeting in 1996.  
Sampling (aka Wavetable) became common.  The memory 
footprint advantage was lost.  


• Some expressivity could be achieved by extensively 
interpolated samples.  

• Voicing PM is difficult (like FM), voicing samples is more direct.   

• Controllers that could express multiple dimensions were not 
common. 
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http://www.moforte.com/wp-content/uploads/2020/05/Keyboard_Feb_1994_The_Next_Big_Thing-4.pdf
http://www.moforte.com/wp-content/uploads/2020/05/Keyboard_Sept_1994_The_History_Of_Physical_Modeling.pdf
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SynthBuilder (1993-1997)
• SynthBuilder was a rapid-prototyping 

tool on the NeXT machine for the 
development of music synthesis and 
effects patches. Initially for the 56k 
DSP and later for SynthServer/
SynthScript. 


• Leveraged the NeXT Music Kit and 
the source code for the NeXT Draw 
Program. 


• It played a major role in the 
development of physical models 
including Coupled Mode Synthesis 
(Van Duyne), Virtual Analog (Stilson, 
Smith).


• SynthBuilder was written by Nick 
Porcaro with significant contributions 
from David Jaffe and Pat Scandalis, 
Julius Smith, Tim Stinson and Scott 
Van Dyne. 
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1997 SynthBuilder won the Grand Prize in the  
Bourges International Music Software Competition 
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Guitar Model (1996)

• Distortion, feedback 
and effects. 


• Initial period 
excitations to capture 
the sound of different 
guitars. 


• Controlled with 
Yamaha G10 guitar 
controller similar to 
today’s MPE.  
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http://scandalis.com/Jarrah/Audio/GuitarPickUps.mp3
http://scandalis.com/Jarrah/Audio/DistortionGuitar.mp3
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Coupled Mode Synthesis (CMS)  
(Van Duyne) (1996) 

• Modeling of percussion sounds

• Modal technique with coupling

•     Tibetan Bell Model 

•     Wind Chime Model 

•     Tubular Bells Model 

•     Percussion Ensemble

•     Taiko Ensemble 
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http://scandalis.com/Jarrah/Audio/Windchimes.mp3
http://scandalis.com/Jarrah/Audio/TibetanBell.mp3
http://www.moforte.com/wp-content/uploads/2013/04/TubularBells.mp3
http://www.moforte.com/wp-content/uploads/2013/04/CMS_Percussion.mp3
http://scandalis.com/Jarrah/Audio/03%20Taiko%20Percussion%20Using%20Scott%20Van.mp3
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Virtual Analog (Stilson-Smith) (1996)
• Alias-Free Digital Synthesis of Classic Analog 

Waveforms

• Digital implementation of the Moog VCF.  Four 

identical one-poles in series with a feedback 
loop. 


• Sounds great! 

24

https://youtu.be/-r9oPcibhes
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Full Ensembles all Physical Modeling (1997)

• Stanford OTL/CCRMA created 
the Sondius project to assist 
with commercializing physical 
modeling technologies.


• The result was a modeling tool 
known as SynthBuilder, and a 
set of models covering about 
two thirds of the General MIDI 
set. 


• Many modeling techniques were 
used including EKS, Waveguide, 
Commuted Synthesis, Coupled 
Mode Synthesis, Virtual Analog.
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http://scandalis.com/Jarrah/Audio/14%20_James_%20Rhodes_Bass_Percussion%20Mo.mp3
http://scandalis.com/Jarrah/Audio/09%20_Isreal_,%20Piano_Bass.mp3
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Full Ensembles all Physical Modeling (1997)

• Stanford OTL/CCRMA created 
the Sondius project to assist 
with commercializing physical 
modeling technologies.


• The result was a modeling tool 
known as SynthBuilder, and a 
set of models covering about 
two thirds of the General MIDI 
set. 


• Many modeling techniques were 
used including EKS, Waveguide, 
Commuted Synthesis, Coupled 
Mode Synthesis, Virtual Analog.
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http://scandalis.com/Jarrah/Audio/14%20_James_%20Rhodes_Bass_Percussion%20Mo.mp3
http://scandalis.com/Jarrah/Audio/09%20_Isreal_,%20Piano_Bass.mp3
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SynthServer/SynthScript 1996/1997
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• SynthServer was a portable 
reference server, implemented in C 
with object oriented Programming 
techniques, that was used to realize 
SynthScript Patches in either non-
real Time, or in Real time on various 
Platforms.


• SynthScript is an interchange 
format that will allow the exchange 
of Software based synthesis 
"programs" (Patches) and Scores 
between various platforms.


• SynthServer/SynthScript were 
created so that Sondius Licensees 
could have actual code to work 
with.  

				oscgUG	MyOscillator

																				(out=oscgUGOut,	control=sliderNFOut,

																														[	amp=0.5, 
																																freq=440.0:OscillatorFrequency

																															]

					);
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Papers
 
“SynthBuilder: A Graphical Rapid-Prototyping Tool for the Development of Music Synthesis 

and Effects Patches on Multiple Platforms” (pdf, 1.5 mb) , Nick Porcaro, 
David Jaffe, Pat Scandalis, Julius Smith, Tim Stilson, and Scott Van Duyne, 
Computer Music Journal, Volume 22, Number 2, pp. 35 - 43, MIT Press, 1998.

 
“A Lossless, Click-Free, Pitchbend-able Delay Line Loop Interpolation Scheme” (pdf, 671 

kb), Scott A. Van Duyne, David A. Jaffe, Gregory Pat Scandalis, Timothy S. 
Stilson, 1997 International Computer Music Conference, Greece, 1997.

 
“SynthBuilder and Frankenstein” (pdf 305 kb), N. Porcaro, W. Putnam, P. Scandalis, T Stilson, 

D. Jaffe, and J. O. Smith, S. Van Duyne, ICAD 1996.
 
“Work in Progress, SynthScript and SynthServer” (pdf 8 kb), P. Scandalis, David Jaffe, 

CCRMA Affiliates Presentation 1996
 
“SynthBuilder: A Rapid-Prototyping Tool for Sound Synthesis and Audio” (pdf 14kb), Nick 

Porcaro, Pat Scandalis, Julius Smith, 1996 Presented at Berkeley EE seminar.
 
“Using SynthBuilder for the Creation of Physical Models” (pdf 283 kb), N. Porcaro, P. 

Scandalis, D. Jaffe, and J. O. Smith, 1996 International Computer Music 
Conference, Hong Kong. 1996.

 
"SynthBuilder Demonstration, A Graphical Real-Time Synthesis, Processing and 

Performance System" (pdf 415 kb) Nick Porcaro, Pat Scandalis, Julius Smith, 
David Jaffe and Tim Stilson, 1995 International Computer Music Conference, 
Banff. 1995.
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https://scandalis.com/Jarrah/Documents/ComputerMusicJournalPaper.pdf
https://scandalis.com/Jarrah/Documents/ComputerMusicJournalPaper.pdf
https://scandalis.com/Jarrah/Documents/DelayLine.pdf
https://scandalis.com/Jarrah/Documents/DelayLine.pdf
https://scandalis.com/Jarrah/Documents/SB_and_Frankenstein.pdf
https://scandalis.com/Jarrah/Documents/SynthScriptPresentation.pdf
https://scandalis.com/Jarrah/Documents/CNMAT%20Presentation.pdf
https://scandalis.com/Jarrah/Documents/SynthBuilderICMC96.pdf
https://scandalis.com/Jarrah/Documents/SynthBuilderICMC95.pdf
https://scandalis.com/Jarrah/Documents/SynthBuilderICMC95.pdf
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Sondius Epilog
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• Yamaha and OTL combined all patents into 
a portfolio called Sondius-XG (1997)


• The Sondius Team spun out as Staccato 
Systems (1997)


• Staccato Systems created a synthesis 
engine called SynthCore which offered 
physical models for games (Nascar 2000) 
and General MIDI for game music.  


• SynthCore was designed to run at Windows 
Ring 0 and essentially looked like a 
hardware device, displacing expensive 
sound cards for MIDI game music. 


• Analog Devices acquired Staccato Systems 
in 2000 and used SynthCore/General MIDI/
Ring 0 combined with a $2 AC97 codec to 
kill the sound card market. 
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Thanks!
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And	CCRMA

• John Chowning

• Mary Albertson

• Chris Chafe

• Perry Cook

• Jon Dattorro

• David Jaffe

• Kathy Ku

• Joe Koepnick

• Scott Levine

• Fernando Lopez-Lezcano

• Stanford OTL

• Nick Porcaro

• Bill Putnam

• Pat Scandalis

• Dr. Julius O. Smith II

• Tim Stilson

• Scott Van Duyne

• Jonathan Norton

• Yamaha
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Questions?
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