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�DISCLAIMERS

This document and the accompanying software are copyrighted materials. No part of this document may be reproduced, stored or transmitted except as part of the SND32 Sound System, without prior written permission of the author.



This document contains trade names and trademarks of several companies. These trademarks are the properties of their respective owners. Usage of these trademarks in this document is not intended to convey endorsement or other associations with this document or product.



Every effort has been made to assure complete, accurate and timely information contained in this document. However, the author can neither guarantee nor be held liable for any mistakes contained in this document.



THIS SOFTWARE AND DOCUMENTATION IS PROVIDED BY THE AUTHOR "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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��INTRODUCTION

The product you hold in your hands, SND32, is the result of hundreds of hours of programming effort. It is my hope that you will find the efforts justified. This product represents an effort to produce a commercial quality 32 bit sound library at an affordable price, without onerous licensing restrictions. It contains routines which will allow you the developer to add digitized sound and FM synthesized music to your products quickly and easily.



Some of the features of this product include:

Support for Watcom 32 bit C compilers and DOS4GW

Automatic sensing and configuration for Adlib and SoundBlaster cards

Interrupt driven support for both FM and Digital sounds

Digitized sound support for .WAV and .RAW sound files

FM Synthesis support for Adlib and SoundBlaster compatible sound cards

Support for MIDI files

Support for registered users

Reasonable pricing and licensing 



This product was developed out of a sense of frustration regarding the so called commercial sound libraries available. Some libraries are reported to be extremely buggy. Most do not support 32 bit development. Almost all are prohibitively expensive for someone who just wants to produce software for personal use or who is not backed by an established software house. This package is designed to remedy these defects.



While the shareware version is being released in a limited form, the libraries provided are fully functional. The extended utilities and customization support are available only in the registered versions. For more information regarding the different levels of support, please read the section titled REGISTERING.



�HOW TO REACH THE AUTHOR

If you have any questions regarding this package, the licensing, compatibility or other concerns, please feel free to contact me. I am always trying to improve the quality and functionality of my software and your feedback is important. I can be reached electronically in the following ways (in order of decreasing frequency of checking):



Internet: kgraham@ix.netcom.com

CIS:	73250,2005 (subject to discontinuation at any time)



If the above doesn’t work, I can be reached via US Snail Mail at:

Ken Graham

P.O.Box 735.

Parker, CO.  80134

LICENSE

This product is being distributed as shareware. This means that the user has the right to evaluate this software for a period of 30 days. At the end of that period the user has the option of registering the software (see REGISTERING below) or removing the software from their system and destroying the documentation. 



Persons developing and distributing software for profit who do not abide by the above restrictions will be subject to prosecution. Markers have been placed within the code which will allow positive identification of the SND32 routines. These markers will also positively identify registered and non-registered versions of the software.

License Fee Schedule

The license fee schedule for SND32 is as follows:



Personal License (single version)	$5.00



Non-Commercial License	$25.00



Commercial License (first title)	$125.00



Commercial License (per add’l title)	$100.00

�REGISTERING

In an effort to be flexible to the needs of the various types of users, there are three levels of registration for SND32. 



Personal Level

Non-Commercial Level

Commercial Level



Each of levels is described below.

Personal Level

The first level of registration is for Personal use of a single version only. The Personal Level user acknowledges that they have received a shareware version of SND32 and are using it for personal projects. The author will keep the name and contact information of these users on file and will notify them of any new versions to be released, up to three versions beyond the version registered.



If a registered Personal Level user of SND32 is the first to report a software defect (bug) sufficient to warrant a new version they will be given a complimentary registration for the updated version.



A Personal Level user does not have the right to distribute software which contains any of the SND32 routines.

Non-Commercial Level

The second level of registration for Non-Commercial users. Non-Commercial users are defined as developers who will be creating software using SND32 for public release at no charge (freeware). This level of registration includes the following benefits over the Personal Level:



direct access to the author via Email for problem resolution

notification and complimentary first upgrade to the latest software

a printed manual, including material not covered in this document

nominal cost upgrades to the latest software after the first free upgrade

the right to distribute non-commercial software using SND32

removal of the “unregistered shareware” message on startup



The author will keep the name and contact information of these users on file and will notify them of any new versions to be released, up to three versions beyond the version registered.

Commercial Level

The third level of support is for Commercial users. Commercial users are defined as developers who will be creating software using SND32 for commercial release. Commercial release includes any software for which money will be charged or which is used as an advertisement for commercial software.



Commercial level support is licensed on a per product basis (see License Fee Schedule above). The first title licensed includes the support package described under Non-Commercial Level.



Shareware packages using SND32, at the option of the author of SND32, may be classified as Non-Commercial packages until they have sold 100 units. If you believe that your package qualifies please contact the author (see HOW TO REACH THE AUTHOR above).





�BACKGROUND

FM SYNTHESIS

FM synthesis is the process of modeling sounds using Frequency Modulated operators. The Sound Blaster family (and many other sound cards) use the Yamaha FM synthesizer chips OPL-2 and OPL-3 to provide the sound synthesis. Since it is beyond the scope of this document to provide a definitive tutorial on FM synthesis, the reader should locate one of the many books on SoundBlaster sound cards which deal with FM synthesis for more information. A brief tutorial is given in the sections which follow.

Operators

The Yamaha FM synthesizer chips (OPL-2) used in the SoundBlaster have 18 operators (the OPL-3 chips have more, but that is for a different discussion). These operators are capable of modulating an input frequency in very complex ways. Generally, it requires two operators to produce one instrument voice. This would seem to mean that the OPL-2 can have 9 voices (18 divided by 2). The answer is that the OPL-2 chip can create percussion sounds in addition to melody type voices. Percussion sounds generally only require one operator. 



Each operator consists of a phase modulator, which generates a tone, and an envelop generator, which controls the tones amplitude.

Operating Modes

There are three operating modes available in the OPL-2 chip. They are melody only, melody with percussion and speech synthesis.



The melody only mode uses all 18 operators in pairs to provide instrument voices. Unfortunately, in this mode there cannot be any percussion (drums).



The melody with percussion mode uses 12 operators in pairs to provide instrument voices. The next two operators provide the bass drum sound. The remaining 4 operators each provide a different drum type (Hi Hat, Tom Tom, Snare Drum and Top Cymbal).



The third mode is referred to as “speech synthesis” mode because all 18 operators can be connected together to produce extremely complex sounds capable of mimicking speech. This mode has been mostly abandoned because of the complexity of simulating speech in this fashion. It is much easier to digitize speech and play it through the DSP.

Frequency

Frequency is the term given to the pitch of a given tone. Frequency is typically measured in cycles per second. The lower the frequency the deeper the tone.

Amplitude

Amplitude is the term given to the loudness of a given sound. The higher the amplitude of sound the louder it is. Amplitude is typically measured in decibels.

ASDR

The acronym ASDR stands for Attack Sustain Decay Release, which are the four phases which an operator can operate on the amplitude (loudness) of a given frequency. ASDR defines the tone’s envelope. The diagram below illustrates this.



����������������  



FM Synthesis Principles

To generate most sounds via FM synthesis, two operators are used with the output of the first operator used as the input of the second. Additional complexity can be added by using a feedback loop which feeds the combined output of both operators back into the input of the first. The diagram below illustrates this.



�

DIGITAL SOUND

Digital sound is captured by the use of an Analog to Digital Converter (ADC). This device will sample the analog voltages produced by a microphone or other audio input device and convert those voltages to digital information which can be processed by the computer. When the sound is required, the digital data stream is passed into a Digital to Analog Converter (DAC) which will reproduce the information.

Sampling

Sampling is the process of taking a something, a sound in this case, and measuring its wave shape at discrete intervals. This interval is called the sampling rate. Audio CDs for example will sample at a rate of 44100Hertz (Hz) per second. Since the upper end of hearing for most humans is about 20000Hz, this works out well according to Shannon’s Law. Shannon’s Law is a mathematical theory which states that for an accurate reproduction to occur, the sampling rate must be at least one half or less of the smallest part of the object being sampled. For most digital effects, the sampling rates can produce adequate reproduction at rates well below 44100Hz.

ADC

The ADC, or Analog to Digital Converter, will take an analog voltage as input and at discrete intervals will produce a digital representation of that voltage. In the case of most sound cards, the analog voltage is produced by either a microphone or the amplifier of some other sound device (radio, CD player, TV, etc.). The most common sampling rates are 11000Hz, 22000Hz and 44000Hz. Not all sound cards are capable of recording these higher frequencies.

DAC

The DAC, or Digital to Analog Converter, reverses the process of the ADC and outputs “analog” voltages based on digital data. The voltages produced by a DAC are not truly analog as they are really a stairstep, but if Shannon’s Law holds and they were sampled at twice the smallest (highest) frequency of the input, the output will appear to be identical. The process of sampling and reproducing sound is illustrated in the following diagram:



� EMBED Word.Picture.6  ���              � EMBED Word.Picture.6  ���

Sampling the Waveform			Reproducing the Waveform

IDF FILE FORMAT

The IFD or Instrument Frequency Duration file format was designed specifically for SND32 version 1.x. This format has been abandoned in favor of the industry standard MIDI file format.





�SOUND LIBRARIES

The Watcom C/C++ compiler provides two methods of passing parameters stack passing, where parameters are pushed on the stack, and register passing, where specific registers are filled in order and the remaining parameters are pushed on the stack. The sound libraries described below are provided in both stack and register passing models. The stack passing library is called SND32S.LIB and the register passing version is SND32R.LIB.

MIDI LIBRARY

The MIDI library routines consist of 6 function calls. The operation of these function calls will be defined in detail in this section. As a quick overview, the functions provide a method to initialize the sound card, to load song files, to play the song files, to determine if songs are playing, to stop songs playing and to cleanup before exiting.



A very simple example of how to use these functions is provided in the section entitled MIDI Example. For a more extensive example the reader is directed to the source for MIDPLAY.C which was included in the SND32 distribution.



�MIDI_Load



Synopsis:

#include “snd32.h”

MIDI *MIDI_Load(char *name);



Description:

The MIDI_Load function loads a MIDI song file into memory. If it is necessary to remove a loaded MIDI file from memory, MIDI_Free() should be used on the returned pointer.



Returns:

This function returns a pointer to a MIDI file structure, or NULL if it was not successful. 



See Also:

MIDI_Free()



�MIDI_Play



Synopsis:

#include “snd32.h”

VOID MIDI_Play(BYTE *song, INT loop);



Description:

The MIDI_Play function plays a previously loaded MIDI file. The loop parameter indicates the number of times to play the song over again. If loop is zero the song will not be replayed.



Returns:

This function returns nothing.



See Also:

MIDI_Playing(), MIDI_Stop()

�MIDI_Playing



Synopsis:

#include “snd32.h”

INT MIDI_Playing(VOID);



Description:

The MIDI_Playing function is used to determine if a song is currently playing.



Returns:

This function returns 1 if a song is playing or 0 if no song is playing.



See Also:

MIDI_Play(), MIDI_Stop()



�MIDI_Stop



Synopsis:

#include “snd32.h”

VOID MIDI_Stop(VOID)



Description:

The MIDI_Stop function stops the currently playing song. It does not remove it from memory, so that it is possible to run a song which has been stopped by calling MIDI_Play again. MIDI_Stop will remove the interrupt routines so it MUST be called before your program exits or system integrity may be compromised. 



Returns:

This function returns nothing.



See Also:

MIDI_Play()



�MIDI Library Example



#include <stdio.h>

#define USES_FM_ROUTINES 1

#include “snd32.h”



void main(int argc, char *argv[])

{

	MIDI	*song;



	if (SndCardType() == 0) // sound card check

{

		printf(“No sound card found.\n”);

		exit(-1);

	}

	// load MIDI song

	if ((song = MIDI_Load(argv[1])) == NULL)

{

		printf(“Unable to load file %s\n”,

			argv[1]);

		exit(-1);

	}

	MIDI_Play(song, 1);		// play song 1 time

	while (MIDI_Playing()) 

{

		if (kbhit()) 

{

			if (getch() == 0x1b) 	// look for ESC

{

	MIDI_Free(song);

				break;	// while (…)

			}

		}

	}

	MIDI_Stop();

	exit(0);

}



�DSP LIBRARY

The DSP library routines consist of 6 functions calls. The operation of these function calls will be defined in detail in this section. As a quick overview, the functions provide a method to initialize the sound card, to load digital sound files, to play the sound files, to test for sounds playing, to stop sounds playing and to cleanup before exiting.



A very simple example of how to use these functions is provided in the section entitled DSP Example. For a more extensive example the reader is directed to the source code for PLAYSND.C and PLAYSNDS.C which were included in the SND32 distribution.

�DSPload



Synopsis:

#include “snd32.h”

BYTE *DSPload(DIGSOUND *ds)



Description:

The DSPload function will load a digital sound file and set up the playback parameters. The DSPload function will load either raw sound files (designated by a .RAW extension) or Microsoft wave files (designated by a .WAV extension).



Returns:

This function returns a pointer to the sound data and fills out the DIGSOUND structure if successful or NULL if the file could not be successfully loaded.



See Also:





�DSPplay



Synopsis:

#include “snd32.h”

VOID DSPplay(DIGSOUND *ds, INT channel)



Description:

The DSPplay function will play the digital sound file pointed to by the DIGSOUND structure, which was previously loaded by the DSPload function. 



The variable channel is either -1, which means use any available channel, or the specific channel number. The current version of SND32 supports 4 channels numbered 0 through 3.



Returns:

This function returns nothing.



See Also:



�DSPplaying



Synopsis:

#include “snd32.h”

INT DSPplaying(VOID)



Description:

The DSPplaying function will return 0 if no sound is currently playing or 1 if a sound is currently playing.



Returns:

0 if no sound is playing or 1 if a sound is playing.



See Also:

DSPplay()

�DSPstop



Synopsis:

#include “snd32.h”

VOID DSPstop(INT channel)



Description:

The DSPstop function will stop the currently playing digital sound on either all channels, or a specific channel. It will not affect either the DIGSOUND structure or the data, it will simply stop the playback.



Returns:

This function returns nothing.



See Also:

DSPplay()

�DSPcleanup



Synopsis:

#include “snd32.h”

VOID DSPcleanup(VOID)



Description:

The DSPcleanup function will remove the DSP interrupt routines and other structure which were set up by DSPinit. This function must be called once prior to exiting the program.



Returns:

This function returns noting.



See Also:

DSPinit()

�DSP Library Example



#include <stdio.h>

#define USES_DSP_ROUTINES 1

#include “snd32.h”



void main(int argc, char *argv[])

{

	DIGSOUND	ds;



	if (SndCardType() == 0) // check for sound card

{

		printf(“No sound card found.\n”);

		exit(-1);

	}

	if (DSPinit() == FAILURE) 

{

		printf(“Unable to intialize DSP.\n”);

		exit(-1);

	}

	&ds.name = argv[1];		// name of file to load

	if ((DSPload(&ds)) == NULL) 

{

		printf(“Unable to load file %s\n”, argv[1]);

		exit(-1);

	}

	DSPplay(&ds, -1);	// start the sound

	while (DSPplaying()) 

{

		if (kbhit()) 

{

			if (getch() == 0x1b) // look for ESC

{

				DSPstop(-1);	// stop sounds

			}

		}

	}

	DSPcleanup();

	exit(0);

}

�COMMON ROUTINES

SndCardType



Synopsis:

#include “snd32.h”

INT SndCardType(VOID)



Description:

The SndCardType function will test for the presence of a sound card and will attempt to determine the kind of card it is, the IRQ it is using,  the port number it is using and the DMA channel used. 



Returns:

The type number of the card detected or 0 if no card was detected. Defines for the types of cards are found in SND32.H.



See Also:



�UTILITIES

The utilities are supplied in both binary and source form as programming examples. These are designed to be examples of how to program the sound interfaces not necessarily shining examples of how to program in C.

PARSEMID

PARSEMID is a program which will parse a MIDI file into text. It takes only one file at a time using the syntax:



parsemid midifile



If the input file is not a MIDI file, PARSEMID will abort with an error message. As the output is printed to stdout it may be redirected using any of the normal DOS stream redirection operators (>, |).

PLAYSND

PLAYSND is a demonstration utility for playing .WAV and .RAW sound files. It takes one filename as input and plays it once. To break out of the sound, press the ESC key. The syntax to invoke PLAYSND is:



playsnd soundfile [-v]



If the input file is not an 8 bit mono WAV file or RAW file, PLAYSND will abort with an error message. The -v option turns on the Verbose mode, which prints out some debugging information.

PLAYSNDS

PLAYSNDS is a demonstration utility for playing multiple .WAV and .RAW sound files. It takes up to 4 filenames as input and plays them once. After the initial mix of all sounds, they can be replayed by pressing the corresponding number key (1, 2, 3 or 4), . To break out of the sound, press the ESC key. The syntax to invoke PLAYSND is:



playsnds soundfile [-v]



If the input files are not 8 bit mono WAV file or RAW file, PLAYSNDS will abort with an error message. The -v option turns on the Verbose mode, which prints out some debugging information.

�MIDPLAY

MIDPLAY is a demonstration utility for playing MIDI files. While a song is playing the plus (+) and minus (-) keys can be used to adjust the volume up or down. To break out of the song, press any other key. The syntax to invoke MIDPLAY is:



midplay midifile [-v]



If the input file is not a type 0 or type 1 MIDI file, MIDPLAY will abort with an error message. The -v option turns on the Verbose mode, which prints out some debugging information.



�Other Useful Utilities

The following information is being provided as a service to the user of SND32. This list is not meant to be a comprehensive list of the useful sound products available, but as a general reference to some which the author has some familiarity with.

Digital Sound Utilities

SOX

SOund eXchange is a freeware utility which will reformat many different digital sound formats into other formats. Formats supported include Amiga .AIFF files, Microsoft .WAV files as well as a number of others. This program is available, with source, from a number of places, including CompuServe as well as a number of Internet Simtel sites. The credit for SOX goes to “Lance Norskog And Sundry Contributors” (from the copyright notice in sox.c).

WAVE STUDIO

WAVE STUDIO is software from Creative Labs to allow the creation of WAV files from a variety of media including microphones and CDROMs. This software has been included with several of the Creative Labs Sound Blaster 16 cards the author has purchased in the last several years, so while not free or shareware it is probably widely available due the large number of Sound Blasters purchased.

WINDOWS Sound Recorder

Sound Recorder is a utility supplied with Windows 3.1 and Windows 95. While it is more limited than Wave Studio, it has the advantage of being ubiquitous. It is one of the optional items when installing Windows 95 so, it may need to be installed from the Windows 95 CD or disks.

�MIDI Sequencers 

MIDI sequencers are software which allow the composition of MIDI song files. Some are quite sophisticated and will allow input from a variety of input sources such as keyboards and stringed instruments, Others will allow music to be composed from a computer keyboard and mouse. As the author is a better programmer than he is a musician, take any recommendations in this section with whatever skepticism appears appropriate.

CakeWalk

CakeWalk is a professional MIDI sequencer with many sophisticated features. For professional musicians and advanced amateurs, CakeWalk has been recommended to the author by a number of musicians as THE package to use. The last time the author checked, more information and “crippled” (no save or print) demo versions could be obtained from their Web site: 

http://www.cakewalk.com.

MIDISOFT Studio

Studio is the name of a MIDI package produced by MIDISOFT. It is not as sophisticated as some of the more professional sequencers, but does an adequate job for the author (see the above disclaimer). It is affordably priced at under $100 the time the author checked. The last time the author checked, more information and “crippled” (no save or print) demo versions could be obtained from their Web site: 

http://www.midisoft.com



�MIDI Tutorials and Resources

There are a number of excellent tutorials on MIDI available on the World Wide Web. One of the most comprehensive is listed below. To find others, try Alta Vista (http://altavists.digital.com) and do a search on “MIDI sequencers” or look for the author of the paper listed below. At the time of the writing of this manual Jim Heckroth has a number of papers on the kingfisher Web server in England. The addresses are not listed as academic sites on the Web tend to be relatively ephemeral. 



Tutorial on MIDI and Music Synthesis

Written by Jim Heckroth, Crystal Semiconductor Corp.

http://www.harmony-central.com/MIDI/Doc/tutorial.html

http://datura.cerl.uiuc.edu/netstuff/midi/MMA/tutorial.html

http://kingfisher.cms.shu.ac.uk/midi/main_p.htm



Additional Resources

One of the best sources for additional resources on MIDI is from the group that brought it to us, the MIDI Manufacturers Association (MMA). Their Web site is:

http://www.aonet.com/mma/

�FUTURE DIRECTIONS

The author is providing this information on potential future enhancements as a service to the users of SND32. There is no commitment on the part of the author to offer any of these enhancements at any specific time or in any specific order. As always, registered users get my attention much more quickly regarding new enhancements (“Money talks, Bulls**t walks”).

Support for Stereo Sound

One of the more interesting areas of sound cards is the ability for many of the newer cards to provide stereo FM sound synthesis. This ability was added to the original SoundBlaster Pro and has been enhanced by most of the newer sound cards.

Support for Newer WAV File Features

The current version of SND32 supports 8 bit mono WAV files. Support for 16 bit stereo WAV files would be nice. But then, so would getting people to register.

Support for the Mixer

Another feature which was added to the SoundBlaster Pro sound cards is the ability to mix sound from several sources. A programming interface to manipulate this feature could be developed if there was sufficient interest. Some control over the mixer is provided with this release of SND32, but much more is required.

Support for additional MIDI facilities

Support for a number of MIDI facilities needs to be improved. Some which come to mind include: Pitch Bend (not currently supported), Pan (not currently supported) and Percussion (limited support).

Support for Additional Sound Cards

One of the most common requests is to provide support for additional sound cards. Unfortunately, the author has neither won the lottery , nor is independently wealthy. So consequently, the number of sound cards supported will be in direct proportion to the number of persons who register their programs. Unless, of course, some of the sound cards manufacturers wish to donate cards and technical specs (hint, hint).
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�LICENSE FORM

SND32 v2.00 REGISTRATION FORM 

Name:  _____________________________________  Date:  	



Mailing Address (include country if not USA):

	

	

	

	



Phone number:  (      ) 	



Type of disks you prefer:  3.5" ____  or  5.25" ____ (pick one only)

If you can use 3.5”, it is suggested that you order them in this format, as they survive the mailing process much better than 5.25” disks.



Type of  computer system (type of computer, CPU type, amount of RAM, video card, size of hard drive, sound card)

	

	

	

	



Comments about the program (use back for more space):

	

	

	



Registration Level:

	Personal License (this version)	$5.00	x  Qty___ = 	_______

	Non-Commercial License	  $25.00	x  Qty___ = 	_______

	Commercial License (first title)	$125.00	x  Qty___ = 	_______

	Commercial License (addt’l title)	$100.00	x  Qty___ = 	_______

			Total	_______



Thank you very much for registering SND32. Please do not send cash. Make all checks, money orders, etc. payable to Ken Graham.



Mail this form with your check or money order to:

	Ken Graham

	P.O. Box 735.

	Parker, CO   80134

�Appendix A - General MIDI Instrument Patch Map



The names of the instruments indicate what sort of sound will be heard when that instrument number (MIDI Program Change or "PC#") is selected on the GM synthesizer. These sounds are the same for all MIDI Channels except Channel 10, which has only percussion sounds and some sound "effects". (See "GM Percussion Key Map") 

GM Instrument Families 



The General MIDI instrument sounds are grouped by families. In each family are 8 specific instruments. 



-------+----------------------------+----------+------------------------

PC#    | Family                     | PC#      | Family

-------+----------------------------+----------+------------------------

1-8    | Piano                      | 65-72    | Reed

9-16   | Chromatic Percussion       | 73-80    | Pipe

17-24  | Organ                      | 81-88    | Synth Lead

25-32  | Guitar                     | 89-96    | Synth Pad

33-40  | Bass                       | 97-104   | Synth Effects

41-48  | Strings                    | 105-112  | Ethnic

49-56  | Ensemble                   | 113-120  | Percussive

57-64  | Brass                      | 121-128  | Sound Effects



GM Instrument Patch Map 

Note: While GM does not define the actual characteristics of any sounds, the names in parentheses after each of the synth leads, pads, and sound effects are, in particular, intended only as guides). 



-------+----------------------------+----------+------------------------

PC#    | Instrument                 | PC#      | Instrument

-------+----------------------------+----------+------------------------

1.�Acoustic Grand Piano �65.�Soprano Sax��2.�Bright Acoustic Piano�66.�Alto Sax��3.�Electric Grand Piano�67.�Tenor Sax��4.�Honky-tonk Piano�68.�Baritone Sax��5.�Electric Piano 1�69.�Oboe��6.�Electric Piano 2�70.�English Horn��7.�Harpsichord�71.�Bassoon��8.�Clavi�72.�Clarinet�������9.�Celesta�73.�Piccolo��10.�Glockenspiel�74.�Flute��11.�Music Box�75.�Recorder��12.�Vibraphone�76.�Pan Flute��13.� Marimba�77.�Blown Bottle��14.� Xylophone�78.�Shakuhachi��15.�Tubular Bells�79.�Whistle��16. �Dulcimer�80.�Ocarina�������17.�Drawbar Organ�81.�Lead 1 (square)��18.�Percussive Organ�82.�Lead 2 (sawtooth)��19. �Rock Organ�83.�Lead 3 (calliope)��20.  �Church Organ�84.�Lead 4 (chiff)��21. �Reed Organ �85.�Lead 5 (charang)��22.  �Accordion�86.�Lead 6 (voice)��23. �Harmonica�87.�Lead 7 (fifths)��24.�Tango Accordion�88.�Lead 8 (bass + lead)�������25.�Acoustic Guitar (nylon)�89.�Pad 1 (new age)��26.�Acoustic Guitar (steel)�90.�Pad 2 (warm)��27.�Electric Guitar (jazz)�91.�Pad 3 (polysynth)��28.�Electric Guitar (clean)�92.�Pad 4 (choir)��29.�Electric Guitar (muted)�93.�Pad 5 (bowed)��30.�Overdriven Guitar�94.�Pad 6 (metallic)��31.�Distortion Guitar�95.�Pad 7 (halo)��32.�Guitar harmonics�96.�Pad 8 (sweep)�������33.�Acoustic Bass �97. �FX 1 (rain)��34.�Electric Bass (finger)�98.�FX 2 (soundtrack)��35.�Electric Bass (pick)�99.�FX 3 (crystal)��36.�Fretless Bass�100.�FX 4 (atmosphere)��37.�Slap Bass 1�101.�FX 5 (brightness)��38.�Slap Bass 2�102.�FX 6 (goblins)��39.�Synth Bass 1�103.�FX 7 (echoes)��40.�Synth Bass 2�104.�FX 8 (sci-fi)�������41.�Violin�105.�Sitar��42.�Viola�106.�Banjo��43.�Cello�107.�Shamisen��44.�Contrabass �108.�Koto��45.�Tremolo Strings�109.�Kalimba��46.�Pizzicato Strings�110.�Bag pipe��47.�Orchestral Harp�111.�Fiddle��48.�Timpani�112.�Shanai�������49.�String Ensemble 1�113.�Tinkle Bell��50.�String Ensemble 2�114.�Agogo��51.�SynthStrings 1�115.�Steel Drums��52.�SynthStrings 2�116.�Woodblock��53.�Choir Aahs�117.�Taiko Drum��54.�Voice Oohs�118.�Melodic Tom��55.�Synth Voice�119.�Synth Drum��56.�Orchestra Hit�120.�Reverse Cymbal�������57.�Trumpet�121.�Guitar Fret Noise��58.�Trombone�122.�Breath Noise��59.�Tuba �123.�Seashore��60.�Muted Trumpet �124.�Bird Tweet��61.�French Horn�125.�Telephone Ring��62.�Brass Section �126.�Helicopter��63.�SynthBrass 1�127.�Applause��64.�SynthBrass 2�128.�Gunshot��

�Appendix B - General MIDI Percussion Key Map



On MIDI Channel 10, each MIDI Note number ("Key#") corresponds to a different drum sound, as shown below. GM-compatible instruments must have the sounds on the keys shown here. While many current instruments also have additional sounds above or below the range show here, and may even have additional "kits" with variations of these sounds, only these sounds are supported by General MIDI. 



-------+----------------------------+----------+------------------------

Key#   | Drum Sound                 | Key#     | Drum Sound

-------+----------------------------+----------+------------------------

35�Acoustic Bass Drum�59�Ride Cymbal 2��36�Bass Drum 1�60�Hi Bongo��37�Side Stick�61�Low Bongo��38�Acoustic Snare�62�Mute Hi Conga��39�Hand Clap�63�Open Hi Conga��40�Electric Snare�64 �Low Conga��41�Low Floor Tom�65 �High Timbale��42�Closed Hi Hat�66�Low Timbale��43�High Floor Tom�67�High Agogo��44�Pedal Hi-Hat�68�Low Agogo��45�Low Tom �69�Cabasa��46�Open Hi-Hat�70�Maracas��47�Low-Mid Tom �71�Short Whistle��48�Hi Mid Tom �72�Long Whistle��49�Crash Cymbal 1�73�Short Guiro��50�High Tom�74�Long Guiro��51�Ride Cymbal 1�75�Claves��52�Chinese Cymbal�76�Hi Wood Block��53�Ride Bell�77�Low Wood Block��54�Tambourine�78�Mute Cuica��55�Splash Cymbal�79�Open Cuica��56�Cowbell�80�Mute Triangle��57�Crash Cymbal 2�81�Open Triangle��58�Vibraslap����



�Appendix C - Summary of MIDI Messages

Table 1: MIDI 1.0 Specification Message Summary

The following table lists the major MIDI messages in numerical (binary) order. This table is intended as an overview of MIDI. Additional tables are provided through links following. 



WARNING! Details about implementing these messages can dramatically impact compatibility with other products. We strongly recommend consulting the official MMA Detailed MIDI Specification for additional information. 



=========================================================================

               Table 1: MIDI 1.0 Specification Message Summary

             Updated 1995 By the MIDI Manufacturers Association





Status       Data Byte(s)     Description

D7----D0     D7----D0

-------------------------------------------------------------------------

Channel Voice Messages

-------------------------------------------------------------------------

1000cccc     0kkkkkkk         Note Off event.

             0vvvvvvv         This message is sent when a

                              note is released (ended).

                              (kkkkkkk) is the key (note) number.

                              (vvvvvvv) is the velocity.



1001cccc     0kkkkkkk         Note On event.

             0vvvvvvv         This message is sent when a

                              note is depressed (start).

                              (kkkkkkk) is the key (note) number.

                              (vvvvvvv) is the velocity.



1010cccc     0kkkkkkk         Polyphonic Key Pressure (Aftertouch).

             0vvvvvvv         This message is most often sent by

			      pressing down on the key after it

			      "bottoms out". 

                              (kkkkkkk) is the key (note) number.

                              (vvvvvvv) is the pressure value.



1011cccc     0ccccccc         Control Change.

             0vvvvvvv         This message is sent when a controller

                              value changes.  Controllers include devices

                              such as pedals and levers.

                              Certain controller numbers are reserved

                              for specific purposes. See Channel Mode Messages.

                              (ccccccc) is the controller number.

                              (vvvvvvv) is the new value.



1100cccc     0ppppppp         Program Change.

                              This message sent when the patch number changes.

                              (ppppppp) is the new program number.



1101nnnn     0vvvvvvv         Channel Pressure (After-touch).

                              This message is most often sent by pressing down

			      on the key after it "bottoms out". This message

			      is different from polyphonic after-touch. Use

			      this message to send the single greatest

                              pressure value (of all the current depressed keys).

                              (vvvvvvv) is the pressure value.



1110nnnn     0lllllll         Pitch Wheel Change.

             0mmmmmmm         This message is sent to indicate a change in the

                              pitch wheel.  The pitch wheel is measured by a

                              fourteen bit value. Center (no pitch change) is

                              2000H.  Sensitivity is a function of the 

                              transmitter.

                              (llllll) are the least significant 7 bits.

                              (mmmmmm) are the most significant 7 bits.



-------------------------------------------------------------------------

Channel Mode Messages  (See also Control Change, above)

-------------------------------------------------------------------------

1011nnnn     0ccccccc         Channel Mode Messages.

             0vvvvvvv         This the same code as the Control

                              Change (above), but implements Mode

                              control by using reserved controller

                              numbers.  The numbers are:



                              Local Control.

                              When Local Control is Off, all devices

                              on a given channel will respond only to

                              data received over MIDI.  Played data, etc.

                              will be ignored.  Local Control On

                              restores the functions of the normal

                              controllers.

                              c = 122, v =   0: Local Control Off

                              c = 122, v = 127: Local Control On



                              All Notes Off.

                              When an All Notes Off is received,

                              all oscillators will turn off.

                              c = 123, v =   0: All Notes Off

                             (See text for description of actual

                               mode commands.)

                              c = 124, v =   0: Omni Mode Off

                              c = 125, v =   0: Omni Mode On

                              c = 126, v =   M: Mono Mode On (Poly Off)

                              where M is the number of channels

                              (Omni Off) or 0 (Omni On)

                              c = 127, v =   0: Poly Mode On (Mono Off)

                              (Note: These four messages also cause

                               All Notes Off)



-------------------------------------------------------------------------

System Common Messages

-------------------------------------------------------------------------

11110000     0iiiiiii             System Exclusive.

             0ddddddd         This message makes up for all that MIDI

                ..            doesn't support.  (iiiiiii) is usually a

                ..            seven-bit Manufacturer's I.D. code.  If the

             0ddddddd         synthesizer recognizes the I.D. code as

             11110111         its own, it will listen to the rest of

                              the message (ddddddd).  Otherwise, the

                              message will be ignored.  System Exclusive

                              is used to send bulk dumps such as patch

                              parameters and other non-spec data.

                              (Note: Real-Time messages ONLY may be

                               interleaved with a System Exclusive.)

                              This message also is used for extensions

                              called Universal Exclusive Messages.



11110001                      Undefined.



11110010     0lllllll             Song Position Pointer.

             0mmmmmmm             This is an internal 14 bit register that

                              holds the number of MIDI beats (1 beat=

                              six MIDI clocks) since the start of

                              the song.  l is the LSB, m the MSB.



11110011     0sssssss             Song Select.

                              The Song Select specifies which sequence 

                              or song is to be played.



11110100                      Undefined.



11110101                      Undefined.



11110110                      Tune Request.

                              Upon receiving a Tune Request, all analog

                              synthesizers should tune their oscillators.



11110111                      End of Exclusive.

                              Used to terminate a System Exclusive

                              dump (see above).



-------------------------------------------------------------------------

System Real-Time Messages

-------------------------------------------------------------------------

11111000                      Timing Clock.

                              Sent 24 times per quarter note when

                              synchronization is required (see text).



11111001                      Undefined.



11111010                      Start.

                              Start the current sequence playing.

                              (This message will be followed with

                              Timing Clocks).



11111011                      Continue.

                              Continue at the point the sequence was

                              Stopped.



11111100                      Stop.

                              Stop the current sequence.



11111101                      Undefined.



11111110                      Active Sensing.

                              Use of this message is optional.  When

                              initially sent, the receiver will expect

                              to receive another Active Sensing message

                              each 300ms (max), or it will be assume

                              that the connection has been terminated.

                              At termination, the receiver will turn off

                              all voices and return to normal (non-

                              active sensing) operation.



11111111                      Reset.

                              Reset all receivers in the system to

                              power-up status.  This should be used

                              sparingly, preferably under manual

                              control.  In particular, it should not

                              be sent on power-up.





�

Table 2 - Expanded Messages List (Status Bytes) 



The following table lists Status Bytes in binary numerical order. This table is intended as a quick reference to all Status Bytes. Additional tables are provided through links following. 



WARNING! Details about implementing these messages can dramatically impact compatibility with other products. We strongly recommend consulting the official MMA Detailed MIDI Specification for additional information. 



===========================================================================





                 TABLE 2: Expanded Status Bytes List

(adapted from "MIDI by the Numbers" by D. Valenti, Electronic Musician 2/88)

Updated 1995 By the MIDI Manufacturers Association



            STATUS BYTE                        |          DATA BYTES

------------------------------------------------------------------------------

   1st Byte Value |  Function                  |    2nd        |    3rd     

 - - - - - - - - -|                            |    Byte       |    Byte

  Binary |Hex| Dec|                            |               |

 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

 10000000= 80= 128| Chan 1      Note off       |  Note Number  | Note Velocity

 10000001= 81= 129| Chan 2         "           |   (0-127)     |   (0-127)

 10000010= 82= 130| Chan 3         "           |     see       |      "

 10000011= 83= 131| Chan 4         "           |    Table      |      "

 10000100= 84= 132| Chan 5         "           |      4        |      "

 10000101= 85= 133| Chan 6         "           |      "        |      "

 10000110= 86= 134| Chan 7         "           |      "        |      "

 10000111= 87= 135| Chan 8         "           |      "        |      "

 10001000= 88= 136| Chan 9         "           |      "        |      "

 10001001= 89= 137| Chan 10        "           |      "        |      "

 10001010= 8A= 138| Chan 11        "           |      "        |      "

 10001011= 8B= 139| Chan 12        "           |      "        |      "

 10001100= 8C= 140| Chan 13        "           |      "        |      "

 10001101= 8D= 141| Chan 14        "           |      "        |      "

 10001110= 8E= 142| Chan 15        "           |      "        |      "

 10001111= 8F= 143| Chan 16        "           |      "        |      "

 10010000= 90= 144| Chan 1      Note on        |      "        |      "

 10010001= 91= 145| Chan 2         "           |      "        |      "

 10010010= 92= 146| Chan 3         "           |      "        |      "

 10010011= 93= 147| Chan 4         "           |      "        |      "

 10010100= 94= 148| Chan 5         "           |      "        |      "

 10010101= 95= 149| Chan 6         "           |      "        |      "

 10010110= 96= 150| Chan 7         "           |      "        |      "

 10010111= 97= 151| Chan 8         "           |      "        |      "

 10011000= 98= 152| Chan 9         "           |      "        |      "

 10011001= 99= 153| Chan 10        "           |      "        |      "

 10011010= 9A= 154| Chan 11        "           |      "        |      "

 10011011= 9B= 155| Chan 12        "           |      "        |      "

 10011100= 9C= 156| Chan 13        "           |      "        |      "

 10011101= 9D= 157| Chan 14        "           |      "        |      "

 10011110= 9E= 158| Chan 15        "           |      "        |      "

 10011111= 9F= 159| Chan 16        "           |      "        |      "

 10100000= A0= 160| Chan 1     Polyphonic      |      "        |  Aftertouch

 10100001= A1= 161| Chan 2     Aftertouch      |      "        |    amount

 10100010= A2= 162| Chan 3         "           |      "        |    (0-127)

 10100011= A3= 163| Chan 4         "           |      "        |      "

 10100100= A4= 164| Chan 5         "           |      "        |      "

 10100101= A5= 165| Chan 6         "           |      "        |      "

 10100110= A6= 166| Chan 7         "           |      "        |      "

 10100111= A7= 167| Chan 8         "           |      "        |      "

 10101000= A8= 168| Chan 9         "           |      "        |      "

 10101001= A9= 169| Chan 10        "           |      "        |      "

 10101010= AA= 170| Chan 11        "           |      "        |      "

 10101011= AB= 171| Chan 12        "           |      "        |      "

 10101100= AC= 172| Chan 13        "           |      "        |      "

 10101101= AD= 173| Chan 14        "           |      "        |      "

 10101110= AE= 174| Chan 15        "           |      "        |      "

 10101111= AF= 175| Chan 16        "           |      "        |      "

 10110000= B0= 176| Chan 1      Control/       |     See       |     See

 10110001= B1= 177| Chan 2     Mode change     |    Table      |    Table

 10110010= B2= 178| Chan 3         "           |      3        |      3

 10110011= B3= 179| Chan 4         "           |      "        |      "

 10110100= B4= 180| Chan 5         "           |      "        |      "

 10110101= B5= 181| Chan 6         "           |      "        |      "

 10110110= B6= 182| Chan 7         "           |      "        |      "

 10110111= B7= 183| Chan 8         "           |      "        |      "

 10111000= B8= 184| Chan 9         "           |      "        |      "

 10111001= B9= 185| Chan 10        "           |      "        |      "

 10111010= BA= 186| Chan 11        "           |      "        |      "

 10111011= BB= 187| Chan 12        "           |      "        |      "

 10111100= BC= 188| Chan 13        "           |      "        |      "

 10111101= BD= 189| Chan 14        "           |      "        |      "

 10111110= BE= 190| Chan 15        "           |      "        |      "

 10111111= BF= 191| Chan 16        "           |      "        |      "

 11000000= C0= 192| Chan 1      Program        |  Program #    |     NONE

 11000001= C1= 193| Chan 2       change        |   (0-127)     |      "

 11000010= C2= 194| Chan 3         "           |      "        |      "

 11000011= C3= 195| Chan 4         "           |      "        |      "

 11000100= C4= 196| Chan 5         "           |      "        |      "

 11000101= C5= 197| Chan 6         "           |      "        |      "

 11000110= C6= 198| Chan 7         "           |      "        |      "

 11000111= C7= 199| Chan 8         "           |      "        |      "

 11001000= C8= 200| Chan 9         "           |      "        |      "

 11001001= C9= 201| Chan 10        "           |      "        |      "

 11001010= CA= 202| Chan 11        "           |      "        |      "

 11001011= CB= 203| Chan 12        "           |      "        |      "

 11001100= CC= 204| Chan 13        "           |      "        |      "

 11001101= CD= 205| Chan 14        "           |      "        |      "

 11001110= CE= 206| Chan 15        "           |      "        |      "

 11001111= CF= 207| Chan 16        "           |      "        |      "

 11010000= D0= 208| Chan 1      Channel        |  Aftertouch   |      "

 11010001= D1= 209| Chan 2     Aftertouch      |    amount     |      "

 11010010= D2= 210| Chan 3         "           |   (0-127)     |      "

 11010011= D3= 211| Chan 4         "           |      "        |      "

 11010100= D4= 212| Chan 5         "           |      "        |      "

 11010101= D5= 213| Chan 6         "           |      "        |      "

 11010110= D6= 214| Chan 7         "           |      "        |      "

 11010111= D7= 215| Chan 8         "           |      "        |      "

 11011000= D8= 216| Chan 9         "           |      "        |      "

 11011001= D9= 217| Chan 10        "           |      "        |      "

 11011010= DA= 218| Chan 11        "           |      "        |      "

 11011011= DB= 219| Chan 12        "           |      "        |      "

 11011100= DC= 220| Chan 13        "           |      "        |      "

 11011101= DD= 221| Chan 14        "           |      "        |      "

 11011110= DE= 222| Chan 15        "           |      "        |      "

 11011111= DF= 223| Chan 16        "           |      "        |      "

 11100000= E0= 224| Chan 1       Pitch         |    Pitch      |    Pitch

 11100001= E1= 225| Chan 2       wheel         |    wheel      |    wheel

 11100010= E2= 226| Chan 3      control        |     LSB       |     MSB

 11100011= E3= 227| Chan 4         "           |   (0-127)     |   (0-127)

 11100100= E4= 228| Chan 5         "           |      "        |      "

 11100101= E5= 229| Chan 6         "           |      "        |      "

 11100110= E6= 230| Chan 7         "           |      "        |      "

 11100111= E7= 231| Chan 8         "           |      "        |      "

 11101000= E8= 232| Chan 9         "           |      "        |      "

 11101001= E9= 233| Chan 10        "           |      "        |      "

 11101010= EA= 234| Chan 11        "           |      "        |      "

 11101011= EB= 235| Chan 12        "           |      "        |      "

 11101100= EC= 236| Chan 13        "           |      "        |      "

 11101101= ED= 237| Chan 14        "           |      "        |      "

 11101110= EE= 238| Chan 15        "           |      "        |      "

 11101111= EF= 239| Chan 16        "           |      "        |      "

 11110000= F0= 240| System Exclusive           |      **       |      **

 11110001= F1= 241| MIDI Time Code Qtr. Frame  |  -see spec-   |  -see spec-   

 11110010= F2= 242| Song Position Pointer      |     LSB       |     MSB

 11110011= F3= 243| Song Select(Song #)        |   (0-127)     |     NONE

 11110100= F4= 244| Undefined                  |      ?        |      ?

 11110101= F5= 245| Undefined                  |      ?        |      ?

 11110110= F6= 246| Tune request               |     NONE      |     NONE

 11110111= F7= 247| End of SysEx (EOX)         |      "        |      "

 11111000= F8= 248| Timing clock               |      "        |      "

 11111001= F9= 249| Undefined                  |      "        |      "

 11111010= FA= 250| Start                      |      "        |      "

 11111011= FB= 251| Continue                   |      "        |      "

 11111100= FC= 252| Stop                       |      "        |      "

 11111101= FD= 253| Undefined                  |      "        |      "

 11111110= FE= 254| Active Sensing             |      "        |      "

 11111111= FF= 255| System Reset               |      "        |      "



 ** Note: System Exclusive (data dump) 2nd byte= Vendor ID (or Universal

          Exclusive) followed by more data bytes and ending with EOX.





�

Table 3 - Summary of Controller Messages (Data Bytes)



The following table lists the Controller messages in numerical (binary) order. This table is intended as a quick reference to all Controller and Mode Change messages. Additional tables are provided through links following. 



WARNING! Details about implementing these messages can dramatically impact compatibility with other products. We strongly recommend consulting the official MMA Detailed MIDI Specification for additional information. 

==================================================================================





Table 3: Controller and Mode Changes (Status Bytes 176-191) 

adapted from "MIDI by the Numbers" 

by D. Valenti-Electronic Musician 2/88)

Updated 1995 By the MIDI Manufacturers Association



------------------------------------------------------------------------------



    2nd Byte Value |              Function                  |  3rd Byte

  Binary  |Hex|Dec |                                        | Value  |  Use

 - - - - -|- -|- - | - - - - - - - - - - - - - - - - - - - -|- - - - | - - - - 

 00000000= 00=   0 | Bank Select                            | 0-127  |  MSB

 00000001= 01=   1 | Modulation wheel                       | 0-127  |  MSB

 00000010= 02=   2 | Breath control                         | 0-127  |  MSB

 00000011= 03=   3 | Undefined                              | 0-127  |  MSB

 00000100= 04=   4 | Foot controller                        | 0-127  |  MSB

 00000101= 05=   5 | Portamento time                        | 0-127  |  MSB

 00000110= 06=   6 | Data Entry                             | 0-127  |  MSB

 00000111= 07=   7 | Channel Volume (formerly Main Volume)  | 0-127  |  MSB

 00001000= 08=   8 | Balance                                | 0-127  |  MSB

 00001001= 09=   9 | Undefined                              | 0-127  |  MSB

 00001010= 0A=  10 | Pan                                    | 0-127  |  MSB

 00001011= 0B=  11 | Expression Controller                  | 0-127  |  MSB

 00001100= 0C=  12 | Effect control 1                       | 0-127  |  MSB

 00001101= 0D=  13 | Effect control 2                       | 0-127  |  MSB

 00001110= 0E=  14 | Undefined                              | 0-127  |  MSB

 00001111= 0F=  15 | Undefined                              | 0-127  |  MSB

 00010000= 10=  16 | General Purpose Controller #1          | 0-127  |  MSB

 00010001= 11=  17 | General Purpose Controller #2          | 0-127  |  MSB

 00010010= 12=  18 | General Purpose Controller #3          | 0-127  |  MSB

 00010011= 13=  19 | General Purpose Controller #4          | 0-127  |  MSB

 00010100= 14=  20 | Undefined                              | 0-127  |  MSB

 00010101= 15=  21 | Undefined                              | 0-127  |  MSB

 00010110= 16=  22 | Undefined                              | 0-127  |  MSB

 00010111= 17=  23 | Undefined                              | 0-127  |  MSB

 00011000= 18=  24 | Undefined                              | 0-127  |  MSB

 00011001= 19=  25 | Undefined                              | 0-127  |  MSB

 00011010= 1A=  26 | Undefined                              | 0-127  |  MSB

 00011011= 1B=  27 | Undefined                              | 0-127  |  MSB

 00011100= 1C=  28 | Undefined                              | 0-127  |  MSB

 00011101= 1D=  29 | Undefined                              | 0-127  |  MSB

 00011110= 1E=  30 | Undefined                              | 0-127  |  MSB

 00011111= 1F=  31 | Undefined                              | 0-127  |  MSB

 00100000= 20=  32 | Bank Select                            | 0-127  |  LSB

 00100001= 21=  33 | Modulation wheel                       | 0-127  |  LSB

 00100010= 22=  34 | Breath control                         | 0-127  |  LSB

 00100011= 23=  35 | Undefined                              | 0-127  |  LSB

 00100100= 24=  36 | Foot controller                        | 0-127  |  LSB

 00100101= 25=  37 | Portamento time                        | 0-127  |  LSB

 00100110= 26=  38 | Data entry                             | 0-127  |  LSB

 00100111= 27=  39 | Channel Volume (formerly Main Volume)  | 0-127  |  LSB

 00101000= 28=  40 | Balance                                | 0-127  |  LSB

 00101001= 29=  41 | Undefined                              | 0-127  |  LSB

 00101010= 2A=  42 | Pan                                    | 0-127  |  LSB

 00101011= 2B=  43 | Expression Controller                  | 0-127  |  LSB

 00101100= 2C=  44 | Effect control 1                       | 0-127  |  LSB

 00101101= 2D=  45 | Effect control 2                       | 0-127  |  LSB

 00101110= 2E=  46 | Undefined                              | 0-127  |  LSB

 00101111= 2F=  47 | Undefined                              | 0-127  |  LSB

 00110000= 30=  48 | General Purpose Controller #1          | 0-127  |  LSB

 00110001= 31=  49 | General Purpose Controller #2          | 0-127  |  LSB

 00110010= 32=  50 | General Purpose Controller #3          | 0-127  |  LSB

 00110011= 33=  51 | General Purpose Controller #4          | 0-127  |  LSB 

 00110100= 34=  52 | Undefined                              | 0-127  |  LSB

 00110101= 35=  53 | Undefined                              | 0-127  |  LSB

 00110110= 36=  54 | Undefined                              | 0-127  |  LSB

 00110111= 37=  55 | Undefined                              | 0-127  |  LSB

 00111000= 38=  56 | Undefined                              | 0-127  |  LSB

 00111001= 39=  57 | Undefined                              | 0-127  |  LSB

 00111010= 3A=  58 | Undefined                              | 0-127  |  LSB 

 00111011= 3B=  59 | Undefined                              | 0-127  |  LSB

 00111100= 3C=  60 | Undefined                              | 0-127  |  LSB

 00111101= 3D=  61 | Undefined                              | 0-127  |  LSB

 00111110= 3E=  62 | Undefined                              | 0-127  |  LSB

 00111111= 3F=  63 | Undefined                              | 0-127  |  LSB

 01000000= 40=  64 | Damper pedal on/off (Sustain)          | 64=on

 01000001= 41=  65 | Portamento on/off                      | 64=on

 01000010= 42=  66 | Sustenuto on/off                       | 64=on

 01000011= 43=  67 | Soft pedal on/off                      | 64=on

 01000100= 44=  68 | Legato Footswitch                      | 64=on

 01000101= 45=  69 | Hold 2                                 | 64=on

 01000110= 46=  70 | Sound Controller 1 (Sound Variation)   | 0-127  | LSB

 01000111= 47=  71 | Sound Controller 2 (Timbre)            | 0-127  | LSB

 01001000= 48=  72 | Sound Controller 3 (Release Time)      | 0-127  | LSB

 01001001= 49=  73 | Sound Controller 4 (Attack Time)       | 0-127  | LSB

 01001010= 4A=  74 | Sound Controller 5 (Brightness)        | 0-127  | LSB

 01001011= 4B=  75 | Sound Controller 6                     | 0-127  | LSB

 01001100= 4C=  76 | Sound Controller 7                     | 0-127  | LSB

 01001101= 4D=  77 | Sound Controller 8                     | 0-127  | LSB

 01001110= 4E=  78 | Sound Controller 9                     | 0-127  | LSB

 01001111= 4F=  79 | Sound Controller 10                    | 0-127  | LSB

 01010000= 50=  80 | General Purpose Controller #5          | 0-127  | LSB

 01010001= 51=  81 | General Purpose Controller #6          | 0-127  | LSB

 01010010= 52=  82 | General Purpose Controller #7          | 0-127  | LSB

 01010011= 53=  83 | General Purpose Controller #8          | 0-127  | LSB

 01010100= 54=  84 | Portamento Control                     | 0-127  | Source ote

 01010101= 55=  85 | Undefined                              | 0-127  | LSB

 01010110= 56=  86 | Undefined                              | 0-127  | LSB

 01010111= 57=  87 | Undefined                              | 0-127  | LSB

 01011000= 58=  88 | Undefined                              | 0-127  | LSB

 01011001= 59=  89 | Undefined                              | 0-127  | LSB

 01011010= 5A=  90 | Undefined                              | 0-127  | LSB

 01011011= 5B=  91 | Effects 1 Depth                        | 0-127  | LSB

 01011100= 5C=  92 | Effects 2 Depth                        | 0-127  | LSB

 01011101= 5D=  93 | Effects 3 Depth                        | 0-127  | LSB

 01011110= 5E=  94 | Effects 4 Depth                        | 0-127  | LSB

 01011111= 5F=  95 | Effects 5 Depth                        | 0-127  | LSB

                                                           -----------------

 01100000= 60=  96 | Data entry +1                          |       N/A

 01100001= 61=  97 | Data entry -1                          |       N/A

 01100010= 62=  98 | Non-Registered Parameter Number LSB    | 0-127  | LSB

 01100011= 63=  99 | Non-Registered Parameter Number MSB    | 0-127  | MSB

 01100100= 64= 100 | Registered Parameter Number LSB        | 0-127  | LSB

 01100101= 65= 101 | Registered Parameter Number MSB        | 0-127  | MSB

 01100110= 66= 102 | Undefined                              |        ?

 01100111= 67= 103 | Undefined                              |        ?

 01101000= 68= 104 | Undefined                              |        ?

 01101001= 69= 105 | Undefined                              |        ?

 01101010= 6A= 106 | Undefined                              |        ?

 01101011= 6B= 107 | Undefined                              |        ?

 01101100= 6C= 108 | Undefined                              |        ?

 01101101= 6D= 109 | Undefined                              |        ?

 01101110= 6E= 110 | Undefined                              |        ?

 01101111= 6F= 111 | Undefined                              |        ?

 01110000= 70= 112 | Undefined                              |        ?

 01110001= 71= 113 | Undefined                              |        ?

 01110010= 72= 114 | Undefined                              |        ?

 01110011= 73= 115 | Undefined                              |        ?

 01110100= 74= 116 | Undefined                              |        ?

 01110101= 75= 117 | Undefined                              |        ?

 01110110= 76= 118 | Undefined                              |        ?

 01110111= 77= 119 | Undefined                              |        ?

                                                           -----------------

 01111000= 78= 120 | All Sound Off                          |        0

 01111001= 79= 121 | Reset All Controllers                  |        0

 01111010= 7A= 122 | Local control on/off                   | 0=off    127=on   

 01111011= 7B= 123 | All notes off                          |        0

 01111100= 7C= 124 | Omni mode off (+ all notes off)        |        0

 01111101= 7D= 125 | Omni mode on (+ all notes off)         |        0

 01111110= 7E= 126 | Poly mode on/off (+ all notes off)     |       **

 01111111= 7F= 127 | Poly mode on                           |        0

                    (incl mono=off +all notes off)



 **Note: This equals the number of channels, or zero if the number of channels

         equals the number of voices in the receiver.





�Table 4 - Summary of Note Numbers by Octave



The following table lists all MIDI Note Numbers by octave.

(Note: The MIDI specification only defines note number 60 as "Middle C", and all other notes are relative. The absolute octave number designations shown here are based on Middle C = C4, which is an arbitrary assignment.) 



WARNING! Details about implementing these messages can dramatically impact compatibility with other products. We strongly recommend consulting the official MMA Detailed MIDI Specification for additional information. 



================================================================================



Table 4: Summary of MIDI Note Numbers for Different Octaves

(adapted from "MIDI by the Numbers" by D. Valenti - Electronic Musician 2/88)

Updated 1995 By the MIDI Manufacturers Association





Octave                     Note Numbers

  #  ||

     || C   | C#  | D   | D#  | E   | F   | F#  | G   | G#  | A   | A#  | B

-----------------------------------------------------------------------------

 -1  ||   0 |   1 |   2 |   3 |   4 |   5 |   6 |   7 |   8 |   9 |  10 |  11

  0  ||  12 |  13 |  14 |  15 |  16 |  17 |  18 |  19 |  20 |  21 |  22 |  23

  1  ||  24 |  25 |  26 |  27 |  28 |  29 |  30 |  31 |  32 |  33 |  34 |  35

  2  ||  36 |  37 |  38 |  39 |  40 |  41 |  42 |  43 |  44 |  45 |  46 |  47

  3  ||  48 |  49 |  50 |  51 |  52 |  53 |  54 |  55 |  56 |  57 |  58 |  59

  4  ||  60 |  61 |  62 |  63 |  64 |  65 |  66 |  67 |  68 |  69 |  70 |  71

  5  ||  72 |  73 |  74 |  75 |  76 |  77 |  78 |  79 |  80 |  81 |  82 |  83

  6  ||  84 |  85 |  86 |  87 |  88 |  89 |  90 |  91 |  92 |  93 |  94 |  95

  7  ||  96 |  97 |  98 |  99 | 100 | 101 | 102 | 103 | 104 | 105 | 106 | 107

  8  || 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119

  9  || 120 | 121 | 122 | 123 | 124 | 125 | 126 | 127 | 
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