INTISARI

Personal Computer (PC) adalah suatu perangkat yang dapat
digunakan untuk membantu beberapa kegiatan manusia,
terutama dalom bidang elektronika. Piranti Polyphonic Keyboard
berbasis PC adalah piranti yang menggabungkan suatu perangkat
luar dengaon PC yaong akan menjalankan program pengaksesan
Sound Card sesuai dengan data masukan dari perangkat keras
Keyboard.

Dalam proses pengiriman data dari Keyboard ke PC melalui
suatu Inferface sebagai penyesuai tegangan dan arus yang masuk
ke PC. Penggunaan PPl 8255 dimaksudkan agar masukan data
secara paralel 3 kali 8 Bit dapat dideteksi dengan cepat oleh
program. Program yang dibuat  menggunakan bahasa
pemrograman Borland Delphi 5.0 ini akan menerima data
kemudian diproses untuk mengakses Sound Card, dan
diterlemahkan sebagai bunyi nada yang sama sesuai dengan
nada yang ditekan pada Keyboard.

Keyboard 2 oktaf yang dibuat dapat dimainkan dengan
menyambungnya melalui LPT port {port Printer) dan menjalankan
program Confroller pada PC. User dapat memainkan dalam 128
pilihan jenis suara berbeda dan mengatur Volume suara melailui
tombo-tombol yang sudah disedickan. Pengiriman dafa yang
paralel memungkinkan dimaikannya 23 futs dan menghasilkan
suara secara bersamaan (23 Polyphonic).
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ABSTRACT

Personal Computer (PC) is a device which could be used for
helping human activities, expecially in electric one. “Polyphonic
keyboard based on PC" is a device which combining a component
and PC that will run sound card accessing program associated with
data input from Keyboard as a hardware.

Process of sending data from keyboard to PC trough an
interface as a voltage and current adaptor that connected to PC.
Using of PPI 8255 is for fast detecting 3 port parallel (8 bit) data input
by program. Borland Delphi 5.0 programming language as a
software will receive data and processed for accessing sound card,
and changing as atone of sound as wellas tone that prassed on
keyboard.

The 2 octave keyboard can be played by connecting it
trough LPT port (printer port) and running the controller program on
PC. One (User} can plays 128 different sound register and arranged
volume of sound from layout conftroller. The parallel data transfer
permints to playing 23 tuts and sounding at the same time (23
polyphonic).
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end;
if Value <> FVolume {1}

begin
if {MIDICAPS_VOLUME and FDeviceCaps.dwlupport
MidioutCheck{midiCutSetVclume {FHandle, Valu

FVclume := Value;
end;
end;
initialization
B St B R Sl Py
finalization
FMidiQutputs.Free;
end.
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LAMPIRAN G : LISTING UNIT ddkint.pas
File yang berisi Device Driver dan proses untuk menjalankan Driver.

interface
uses windows,winsvc;
function CTL_CODE (const DeviceType, Func,Method,Access:Cardinal):cardinal;

const
FILE_DEVICE_BEEP = $00000001;
FILE_DEVICE_CD_ROM = $00000002;
FILE_DEVICE_CD _ROM FILE SYSTEM = $00000003;
FILE_DEVICE_CONTROLLER = $00000004;
FILE_DEVICE_DATALINK = $00000005;
FILE DEVICE_DFS = $00000006;
FILE_DEVICE_DISK = $00000007;
FILE DEVICE_DISK FILE SYSTEM = $00000008;
FILE DEVICE FILE_SYSTEM = $00000009;
FILE_DEVICE_INPORT_PORT = $0000000a;
FILE_DEVICE_KEYBOARD = $0000000b;
FILE_DEVICE MAILSLOT = $0000000c;
FILE DEVICE MIDI_IN = $0000000d;
FILE_DEVICE_MIDI_OUT = $0000000e;
FILE_DEVICE_MOUSE = $0000000f;
FILE_DEVICE MULTI_UNC_PROVIDER = $00000010;
FILE DEVICE NAMED PIPE = $00000011;
FILE DEVICE NETWORK = $00000012;
FILE_DEVICE_NETWORK BROWSER = $00000013;
FILE_DEVICE_NETWORK FILE_SYSTEM= $00000014;
FILE_DEVICE_NULL = $00000015;
FILE_DEVICE_PARALLEL PORT = $00000016;
FILE_DEVICE_PHYSICAL NETCARD = $00000017;
FILE DEVICE PRINTER = $00000018;
FILE_DEVICE_ SCANNER = $00000019;
FILE_DEVICE_SERIAL MOUSE_PORT = $000000la;
FILE_DEVICE_SERIAL_PORT = $0000001b;
FILE_DEVICE_SCREEN = $0000001c;
FILE_DEVICE_SOUND = $0000001d;
FILE DEVICE_STREAMS = $0000001le;
FILE DEVICE_ TAPE = $0000001f;
FILE DEVICE_TAPE FILE SYSTEM = $00000020;
FILE DEVICE_TRANSPORT = $00000021;
FILE_DEVICE UNKNOWN = $00000022;
FILE_DEVICE_VIDEO = $00000023;
FILE_DEVICE_VIRTUAL_DISK = $00000024;
FILE_DEVICE WAVE_IN = $00000025;
FILE_DEVICE_WAVE_OUT = $00000026;
FILE_DEVICE 8042_PORT = $00000027;
FILE_DEVICE NETWORK_REDIRECTOR = $00000028;
FILE_DEVICE_ BATTERY = $00000029;
FILE_DEVICE_ BUS_EXTENDER = $0000002a;
FILE_DEVICE MODEM = $0000002b;
FILE_DEVICE_VDM = $0000002c;
FILE DEVICE_MASS_STORAGE = $0000002d;
FILE_DEVICE SMB = $0000002e;
FILE_DEVICE_KS = $0000002¢F;

FILE DEVICE CHANGER = $00000030;

FILE DEVICE SMARTCARD = 500000031;
FILE DEVICE_ACPI = 500000032;
FILE DEVICE DVD = $00000033;
FILE DEVICE FULLSCREEN VIDEO = $00000034;
FILE DEVICE DFS_FILE SYSTEM = $00000035;
FILE DEVICE DFS_VOLUME = $00000036;
FILE DEVICE SERENUM = 500000037;
FILE DEVICE TERMSRV = $00000038;
FILE DEVICE KSEC = $00000039;



FILE_DEVICE_ KRNLDRVR = $80ff;

METHOD_ BUFFERED = 0;

METHOD _IN_DIRECT = 1;

METHOD OUT DIRECT = Z;

METHOD NEITHER = 3:

FILE_ANY ACCESS = 0;

FILE SPECIAL ACCESS = (FILE_ANY ACCESS);

FILE_READ ACCESS = ( $0001 ) // file & pipe
FILE WRITE ACCESS = ( $0002 }; // file & pipe

function driverstart(const name:pchar) :integer;
function driverstop({const name:pchar) :integer;

// Hanya Untuk Cek Validitas
function driverinstall (const path, name:pchar):integer:;
function driverremove(const name:pchar):integer;

// Pesan
function messagestring(const error:integer):string;

implementation

function CTL CODE (const DeviceType, Func,Method, Access:Cardinal) :cardinal;
begin

Result := DeviceType shl 16 or Access shl 14 or Func shl 2 or Method;
end;

function driverinstall (const path,name:pchar) :integer:;
var hService: SC HANDLE;

hsCMan : SC_HANDLE;
begin
Result := 0;
hSCMan := OpenSCManager (nil, nil, SC_MANAGER ALL ACCESS):
if hSCMan = 0 then begin
result := getlasterror;
exit;
end;
hService := 0;
hService := CreateService(hSCMan, name,name,

SERVICE ALL ACCESS, SERVICE KERNEL DRIVER, SERVICE DEMAND START,
SERVICE_ERROR NORMAL, path, -
nil, nil, nil, nil, nil);

if (hService = 0) then begin

result := getlasterror;
CloseServiceHandle (hSCMan) ;
hSCMan := 0;
exit;

end

else

CloseServiceHandle (hService);
CloseServiceHandle (hSCMan) ;
end;

function driverstart(const name:pchar}:integer;
var

hService: SC_HANDLE;
hsSCMan : SC_HANDLE;
args:pchar;

begin

Result := 0;

hSCMan

OpenSCManager(nil, nil, SC_MANAGER CONNECT);



if hSCMan = 0 then begin

result := getlasterror;
exit;
end;
hService := 0;

// service handle
hService := OpenService(hSCMan, name, SERVICE_START);
if hService <> 0 then Begin
// start the driver
args := nil;
if integer({StartService(hService, 0, args )) = 0 then
result := getlasterror;
CloseServiceHandle (hService);
end
else
result := getlasterror:;
CloseServiceHandle (hSCMan) ;
end;

function driverstop(const name:pchar):integer:;
Var

serviceStatus: TServiceStatus;

hService: SC_HANDLE;

hsCMan : SC_HANDLE;
begin
Result := 0;
hSCMan := OpenSCManager (nil, nil, SC_MANAGER CONNECT);
if hsCMan = 0 then begin
result := getlasterror;
exit;
end;
hService := 0;
hService := OpenService (hSCMan, Name, SERVICE STOP);

if hService <> 0 then Begin
if integer (ControlService(hService, SERVICE_CONTROL STCOP,

then
result := getlasterror;
CloseServiceHandle (hService);
end
else
result := getlasterror;

CloseServiceHandle (hSCMan) ;

end;

function driverremove (const name:pchar) :integer;
Var

servicestatus: TServicestatus;

hService: SC_HANDLE;

hSCMan 1 SC_HANDLE;
begin
Result := O;
hSCMan := OpenSCManager(nil, nil, SC_MANAGER ALL_ACCESS);
if hSCMan = O then begin
result := getlasterror;
exit;
end;
hService := 0;
hService := OpenService (hSCMan, Name, SERVICE ALL ACCESS);

if hService <> 0 then Begin

serviceStatus))



if integer( DeleteService(hService)) = 0 then
result := getlasterror;

CloseServiceHandle (hService);

end

else
result := getlasterror;

CloseServiceHandle (hSCMan) ;

end;

function messagestring(const error:integer) :string;
var p:pchar;
begin
getmem(p, 200) ;
formatmessage (FORMAT MESSAGE FROM SYSTEM,nil,error,0,p,199,nil);
Result := p;
freemem(p, 200);
end;

end.



LAMPIRAN H : LISTING UNIT JCLbase.pas
File ini adalah dasar dari program yang akan dirancang.

{$I jcl.inc}
{ SWEAKPACKAGEUNIT ON}
interface

uses
{SIFDEF MSWINDOWS}
Windows,
{$SENDIF MSWINDOWS}
Classes, SysUtils;

const
JclVersionMajor = 1;
JclversionMinor = 22;
JclVersionRelease = 1;
JclversionBuild = 965;
JclVersion = (JclVersionMajor shl 24) or (JclversionMinor shl 16) or

{JclVersionRelease shl 15) or (JclVersionBuild shl 0):

{$IFDEF FPC}

type
PResStringRec = ~string;

function SysErrorMessage{ErrNo: Integer): string;

{$IFDEF MSWINDOWS}
procedure RaiseLastWin32Error;

procedure QueryPerformanceCounter(var C: Inté4);

function QueryPerformanceFrequency({var Frequency: Inté4): Boolean;
{$ENDIF MSWINDOWS)

var
Default8087CW: Word:
{$SENDIF FPC}

type
EJclError = class (Exception)
public
constructor CreateResRec (ResStringRec: PResStringRec);

constructor CreateResRecFmt (ResStringRec: PResStringRec; const Args: array of
const);

end;

{$IFDEF MSWINDOWS}

type

EJclWin32Error = class (EJclError)

private
FLastError: DWORD;
FLastErrorMsg: string;

public
constructor Create(const Msg: string);
constructor CreateFmt(const Msg: string:; const Args: array of const):;
constructor CreateRes(Ident: Integer);
constructor CreateResRec (ResStringRec: PResStringRec};
property LastError: DWORD read FlLastError:
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property LastErrorMsg:

end;

{SENDIF MSWINDOWS}

type

{$IFDEF MATH_EXTENDED_PRECISION]
Float = Extended:
{SENDIF MATH_EXTENDED_PRECISION}
{SIFDEF MATH_DOUBLE-PRECISION}

Float = Double

7

{SENDIF MATH DOUBLE_ PRECISION}
{$IFDEF MATH_SINGLE_PRECISION}

Float = Single

(SENDIF MATH SINGLE_ PRECISION}

PFloat = ~Float;

{$SIFDEF FPC)
type

LongWord = Cardinal;
set of Char;

TSysCharSet =
{$SENDIF FPC}

type

PPointer = ~Pointer;

procedure I64ToCardinals(I:

Inté4; var

string read FLastErrorMsg;

LowPart, HighPart: Cardinal);

procedure CardinalsTolI64 (var I: Int64; const LowPart, HighPart: Cardinal);
type
PLargeInteger = ~TLargelnteger;
TLargeInteger = record
case Integer of
0: (
LowPart: LongWord;
HighPart: Longint);
i: (
QuadPart: Inté4});
end;
type
PULargeInteger = "“TULargelnteger:;
TULargeInteger = record
case Integer of
0: |
LowPart: LongWord;
HighPart: LongWord);
i: |
QuadPart: Int64);
end;
type
TDynByteArray = array of Byte;
TDynsShortintArray = array of Shortint;
TDynSmallintArray = array of Smallint;
TDynWordArray = array of Word;
TDynIntegerArray = array of Integer;
TDynLongintArray = array of Longint;
TDynCardinalArray = array of Cardinal;
TDynInt64Array = array of Inte4;
TDynExtendedArray = array of Extended;
TDynDoubleArray = array of Double;
TDynSingleArray = array of Single;
TDynFloatArray = array of Float;
TDynPointerArray = array of Pointer;
TDynStringArray = array of string:



{$IFNDEF COMPILERS UP}
type
TObjectlList = class (TList)
private
FOwnsObjects: Boolean;
function GetlItems(Index: Integer): TObject;
procedure SetItems(Index: Integer; const Value: TObject):
public
procedure Clear; override;
constructor Create(AOwnsCbjects: Boolean = False);
property Items[Index: Integer]: TObject read Getltems write SetItems; default;

property OwnsObjects: Boolean read FOwnsObjects write FOwnsObjects;
end;

{SENDIF COMPILERS UP}

{$IFNDEF COMPILER6 UP}
procedure RaiselLastOSError;
(SENDIF COMPILER6_UP}

i {$IFDEF SUPPORTS_INTERFACE}
. ($IFNDEF COMPILER6 _UP}

type
IInterface = IUnknown;

{SENDIF COMPILER6_ UP}
{SENDIF SUPPORTS_INTERFACE}

{$IFDEF COMPILER4}

type
TStringlistCustomSortCompare = function(List: TStringList; Indexl, Index2:
Integer): Integer:;

procedure StringListCustomSort(StringList: TStringList; SortFunc:
TStringListCustomSortCompare);

[SENDIF COMPILER4}
implementation

uses
JclResources;

constructor EJclError.CreateResRec(ResStringRec: PResStringRec);
begin

{SIFDEF FPC}

inherited Create(ResStringRec”");

(SELSE FPC}

inherited Create(LoadResString(ResStringRec));

{SENDIF FPC}
end;

constructor EJclError.CreateResReckmt(ResStringRec: PResStringRec;
array of const);
begin
{SIFDEF FPC}
inherited CreateFmt (ResStringRec”, Args);
{SELSE FPC}
inherited CreateFmt(LoadResString(ResStringRec), Args);
{SENDIF FPC}
end;

const Args:

{SIFDEF FPC)
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{$IFDEF MSWINDOWS }

function SysErrorMessage (ErrNo: Integer): string;
var

Size: Integer:
Buffer: PChar;

begin
GetMem (Buffer, 4000);
Size := FormatMessage (FORMAT MESSAGE FROM SYSTEM or

FORMAT MESSAGE ARGUMENT ARRAY, nil, ErrNo,
0, Buffer, 4000, nil);
SetString(Result, Buffer, Size):;
end;

procedure RaiselastWin32Error;
begin
end;

function QueryPerformanceFrequency{var Frequency: Inté64): Boolean;
var

T: TLargeInteger;
begin
Windows.QueryPerformanceFrequency (@T) ;

CardinalsTolé4 (Frequency, T.LowPart, T.HighPart):
end;

procedure QueryPerformanceCounter(var C: Inté4};
var

T: TLargeInteger;
begin
Windows.QueryPerformanceCounter (@T) ;
CardinalsToI6é4(C, T.LowPart, T.HighPart);
end;

{SELSE MSWINDOWS)]
function SysErrorMessage(ErrNo: Integer): string;
begin
Result := Format(RsSysErrorMessageFmt, [ErrNo, ErrNo]):
end;
{$ENDIF MSWINDOWS)
{SENDIF FPC}

{(SIFDEF MSWINDOWS}

constructor EJclWin32Error.Create(const Msg: string);

’

begin
FlLastError := GetlastError;
FLastErrorMsg := SysErrorMessage(FLastError);

inherited CreateFmt(Msg + #13 + RsWin32Prefix, [FLastErrorMsg, FLastError]);
end;

constructor EJclWin32Error.CreateFmt(const Msg: string; const Args: array of
const);

begin
FLastError := GetlastError;
FlastErrorMsg := SysErrorMessage(FLastError);

inherited CreateFmt (Msg + #13 + Format (RsWin32Prefix, [FlLastErrorMsg,
FlLastError]), Args});

end;

constructor EJclWin32Error.CreateRes(Ident: Integer);

begin
FLastError := GetlastError;
FlastErrorMsg := SysErrorMessage (FLastError);

inherited CreateFmt (LoadStr(Ident) + #13 + RsWin32Prefix, [FLastErrorMsg,
FLastError]);

end;
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constructor EJclWin3ZError.CreateResRec(ResStringRec: PResStringRec);
begin

FlastError := GetLastError;

FLastErrorMsg := SysErrorMessage (FLastError);

{$SIFDEF FPC}

inherited CreateFmt (ResStringRec” + #13 + RsWin32Prefix, [FLastErrorMsg,
FLastErrorl):;

{SELSE FPC}

inherited CreateFmt (LoadResString(ResStringRec) + #13 + RsWin32Prefix,
[FLastErrorMsg, FLastError]);

{$ENDIF FPC}
end;

{SENDIF MSWINDOWS}

procedure I64ToCardinals(I: Inté4; var LowPart, HighPart: Cardinal);
begin

LowPart := TULargelInteger (I).LowPart;
HighPart := TULargeInteger(I).HighPart;
end;

procedure CardinalsToI64 (var I: Int64; const LowPart, HighPart: Cardinal);
begin

TULargeInteger (I).LowPart := LowPart;
TULargeInteger(I).HighPart := HighPart;
end;

{$IFNDEF COMPILERS UP]

procedure TObjectList.Clear;

var
I: Integer:
begin
if OwnsObjects then
for I := 0 to Count - 1 do
Items[I].Free;
inherited;
end;

constructor TObjectList.Create(AOwnsCbjects: Boolean);
begin

inherited Create:;

FOwnsObjects := AOwnsObjects;
end;

function TObjectlList.GetItems(Index: Integer): TObject;
begin

Result := TObject(Get(Index));
end;

procedure TObjectlist.SetItems(Index: Integer; const Value: TObject);
begin

Put (Index, Value):;
end;

{$SENDIF COMPILERS_UP}
{$IFNDEF COMPILER6 UP}
procedure RaiseLastOSError;
begin

RaiseLastWin32Error;
end;

{$SENDIF COMPILER6 UP}
{$IFDEF COMPILER4}

procedure StringlistCustomSort(StringList: TStringlList; SortFunc:
TStringListCustomSortCompare);



procedure QuickSort(L, R: Integer);

var
I, J, P: Integer;
begin
repeat
I :=1L;
d := R;
P := (L + R) shr 1;
repeat
while SortFunc(StringlList, I, P) < 0 do
Inc(I);
while SortFunc(StringList, J, P) > 0 do
Dec{J);
if I <= J then
begin

StringList.Exchange(I, J):;
if P = I then

P =4
else
if P = J then
P :=1I;
Inc(I);
Dec (J);

end;

until I > J;

if L < J then
QuickSort (L, J};

L :=I;
until I >= R;
end;
begin
QuickSort (0, StringList.Count - 1);
end;

{SENDIF COMPILER4}

end.
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LAMPIRAN I : LISTING UNIT tuningdlg.pas

File Tuning Dialog ini adalah File pendukung yang digunakan untuk

menampilkan frekuensi dari nada-nada yang dimainkan.

interface
{$INCLUDE JEDI.inc}

uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

LMDControl, LMDBaseControl, JclMath, JclMidi, LMDBaseGraphicControl,
LMDBaselLabel,

LMDCustomLabel, LMDLabel, ExtCtrls, ComCtrls, StdCtrls, LMDDrawEdge,

IMDCustomButton, LMDButton, Spin;

type
Ttuningdialog = class(TForm)
Bevell: TBevel:
Bevel2: TBevel;
Bevel3: TBevel;
LMDLabell: TIMDLabel;
IMDLabel2: TLMDLabel;
IMDLabel3: TLMDLabel;
LMDDrawEdgel: TLMDDrawEdge;
IMDLabeld4: TLMDLabel;
Midifreq: TEdit;
Freghertz: TEdit:
Notelabel: TIMDLabel;
OKbtn: TLMDButton;
MidiKey: TSpinEdit;
procedure MidifreqChange (Sender: TObject);
procedure MidifregExit (Sender: TObject);
procedure FreghertzExit(Sender: TObject);
procedure FreghertzChange (Sender: TObject}:
procedure MidiKeyChange (Sender: TObject});
procedure OKbtnClick(Sender: TObject);
procedure FormCreate(Sender: TObject):;
private
FInMIDIFregChange: Boolean;
FInFreqHertzChange: Boolean;
FChangingFrequency: Boolean;
FChangingMidiFrequency: Boolean;
FFrequency: Single;
FMidiFrequency: Single;
procedure SetFrequency(Value: Single);
procedure SetMidiFrequency(Value: Single);
public
property Frequency: Single read FFrequency write SetFrequency;
property MidiFrequency: Single read FMidiFrequency write SetMidiFrequency;
end;

var
tuningdialog: Ttuningdialog;

implementation

uses utama;

{$SR *.DFM}

const
HalftonesPerOctave = 12;
MiddleA = 440.0; // Hertz
MidiMiddleA = 69; // A3 = 440 Hertz
Digits = 6;
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MIDIFregMax = 127.99993896;
FregHertzMin 8.17579892;
FreqHertzMax = 132839.70346552;

function Hertz (MIDINote: Extended): Extended;
begin

Hertz := TwoToY((MIDINote - MidiMiddleAR) / HalftonesPerOctave) * MiddleA;
end;

function MIDINote (Hertz: Extended): Extended;

begin
if Hertz < 1.0 then
MIDINote := Low(Integer)
else
MIDINote := LogBase2(Hertz / MiddleA) * HalftonesPerOctave + MidiMiddleA:
end;

procedure TTuningDialog.SetFrequency(value: Single);
begin
if FChangingFrequency or (Value = Frequency) then
Exit;
FChangingFrequency := True;

try
if Value < FregHertzMin then
Value := FregHertzMin
else
if Value > FregHertzMax then
Value := FreqgHertzMax;
FFrequency := Value:
if not FInFreqgHertzChange then
FreqHertz.Text := FloatToStrF(Value, ffrixed, 9, Digits);
MidiFrequency := MIDINote(Value);
finally
FChangingFrequency := False;
end;
end;

procedure TTuningDialog.SetMidiFrequency(Value: Single);
begin
if FChangingMidiFrequency then
// or (Value = MidiFrequency)} then
Exit;
if value < 0 then
Value := 0
else
if value > MidiFregMax then
Value := MidiFreqMax;
FChangingMidiFrequency := True;
try
FMidiFrequency := Value;
if not FInMidiFregChange then
MIDIFreq.Text := FloatToStrF(value, ffFixed, 9, Digits);
Frequency := Hertz(Value);
finally
FChangingMidiFrequency := False;
end;
end;

procedure Ttuningdialog.MidifreqChange (Sender: TObject);
var
F: Extended;
begin
if FInFregHertzChange or (MIDIFreq.Text = ''} then
Exit;
FInMIDIFreqChange := True;
try
{$IFDEF COMPILER6_UP}
if TryStrToFloat(MidiFreq.Text, F) then
{SELSE}
if TextToFloat{PChar(MidiFreq.Text), F, fvExtended) then
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{$SENDIF}
MidiFrequency := Fj;
finally
FINMIDIFreqChange := False;
end;
end;

procedure Ttuningdialog.MidifregExit(Sender: TObject);
begin

MIDIFreq.Text := FloatToStrF(MidiFrequency, ffFixed, 9, Digits):;
end;

procedure Ttuningdialog.FreghertzExit{Sender: TObject);
begin

Freqiertz.Text := FloatToStrF(Frequency, ffFixed, 9, Digits);
end;

procedure Ttuningdialog.FreghertzChange(Sender: TObject);
var

F: Extended;

begin
if FInMIDIFreqChange or (FregHertz.Text = ''} then
Exit;
FInFreqHertzChange := True;
try

{$IFDEF COMPILERG_UP}
if TryStrToFloat (FregHertz.Text, F) then

(SELSE}
if TextToFloat(PChar(FreqHertz.Text), F, fvExtended) then
{SENDIF}
Frequency := F;
finally
FInFregHertzChange := False;
end;

end;

procedure Ttuningdialog.MidiKeyChange (Sender: TObject);
begin

MIDIFrequency := MIDIKey.Value;
NoteLabel.Caption := MidiNoteToStr (MIDIKey.Value);
end;

pegeadure Ttuningdialog.OKbtnClick(Sender: TObject);
tuningdialog.Close;

form2.show;

end;

procedure Ttuningdialog.FormCreate (Sender: TObject):
begin

midikey.vValue := form2.niltag ;
midikeychange (sender):

end;

end.
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General Description
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Hex inverter with Schmitt Trigger Input

Ordering Code:

Order Number |Package Number

Package Description

OM7414N N14A 14-Lead Ptastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Connection Diagram
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|
]‘ 2 3 1 is —lu 7
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Function Table

Y=A
Input Output
A Y
L H
H L

H = HIGH Logwc Level
L = LOW Logic Level
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DM7414

Absolute Maximum Ratingsoe 1)

Note 1. Tne "ADsolute Manmum Rilngs” ate hone values beynnd winck

Supply Voltage v Ine sa‘ely of he Cevsce CanNot be guaranieec The gewes sboud Not te
secatec at Mese dmils The partamet values defined in the CieCincal

age 5.5V overa
Input Vol ige 5 CrasaTie~sios Lidles are Aol ¢ Anterd Al he ARSI T mum tatogs
Opecating Freo Air Temperature Ranga O0Ctw+70 C The "Recommiendes Operaing Cundions (b wel getme e Gondds ns

for AT LR cevee aperinen

Recommended Operating Conditions

{ Storage Temperature Ranar 163 Clo+150 C
'i

|

[

Symbol TWarameter e Min i Nom 1 Cunits T
Vee Supply Volt T 475 3 C T
— ‘ : O U PO O S e e e
V-, Positive-Going lnput i X
15 17 ! 2 : A
Threshoid Voitage (Note 2} | ;
Vs Negative-Going input H i
‘ e ° 06 09 | 1 5 v
| Threshold Vottage (Note 2) | : :
‘ - — 1 SREa S : -
HYS |Inpul Hysteresis (Note 2) 0.4 [oR:) i ; \
tou High Level Output Currerit N - ___.._}..,._ 08 mA T
lou Low Level Output Current | 16 i mA
Te Free Air Operating Temiperature 4] i 70 ; C
JENUOU U S SR e -
Note 2: V¢ 5V
Electrical Characteristics
over recommended operaling tree av lemperature range (unless otnerwise notedi
H Typ
Symbol Parameter Conditions Min Max Units
{Note 3)
Vv, Input Clamp Voltage Veg =M = 12 mA 1.2 \Y
V, HIGH Level Vee = Min, = Max
on cc lont 2a 34 v
Outpul Vollage Vi=V; Ma
V, LOW Level Vee = Min g = Max
oL {Vee o 02 04 v
Output Vohage V.=V Max R
Ir. Input Current at Vee=5V. V=V, -G.43 mA
Positive-Going Threshold
1. Input Current at ] Vee - S\ V=V _C.SG mA
Negative-Going Tnreshold
Y Input Current @ Max Vee = Max. V=55V 1 mA
Input Voltage
'™ HIGH Level inpul Current Vee = Max v =24V 4c A
Iy LOW Leve! Input Curren Voo = Max, v, = 0.4V -1.2 mA
Tos Short Cireurt Ve = Max
los cc -18 -5¢ mA
Output Current (Note 4)
locet Supply Current with Vee = Max 22 36 mA
Qutputs HIGH
lece Supgly Current with Ve = Max 3s 60 mA
QOutputs LOW
Note 3: Ali typicals arc at Vee - SV, T, 225 C.
Note 4: Not mare than one output should be shorted at a time,
Switching Characteristics
atVge = 5V and T4 =25°C
Symbol Parameter L Conditions ’ Min Max Units
pLH Propagation Delay Time C_ =15pF 2
2 ;
{LOW-to-HIGH Level Output R = 4006 s
[y Propagalion Delay Time
22 ns
HIGH--LOW Level Cutput |

L
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Fairchild reserves the right al any lime without notice to change said circuitry and spesificalions.

Fairchild does not assume any respensibility for use of any circuitry described, no circuit patent licenses are implied and

LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body. or (b) support or sustain life, and (¢} whose failure
1o perform when propery used in accordance with
instructions for use provided i the labeling, can be rea-
sonably expected to resull in a significant injury to the

L user

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF ThE PRESIDENT OF FAIRCHILD

2. A critical componerl in any component of a life support
device or system whose failure 10 perform can be rea-
sonably expecled to cause the failure of the life support
device or syslem. or {0 affect its safely or effectiveness.

www.fairchildsemi.com
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82CS55A
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Table 1. Pin Description

Dip

Pin Number ] Type : Name and Function

PLCC

PA; 5 1-4

|

2-5

170

| PORT A, PINS 0-3: Lower nittbie of an B-inl data vutput futcn/
i butter and an B-bit data input laich

1

. READ CONTRGL: This INEUt s iow dunng CRU read operatons

|

o
m [ "

~}

5 CHIP SELECT: A low on thisinput enables the 82855816
lrespond to D and WH signals. BD and WR are gnored
ofherwise,

9]
=
(@)

(o2

System Ground

ADDRESS: These input signals, in conjunction BD and WE.
contro! tha selecton of one of the three ports or the conlrol
wOrd registers.

1A1
| E—

RO | WR | TS | Input Operation (Read)

s} 6 i 0 Poft A - Data Bus

o] Port B - Data Bus

o|=ijo®

]

o 1| o

0 1] o Port C - Data Bus
100

Conlrol Word - Dala Bus

Output Operation (Write)

o 1 Jolo Data Bus - Port A

o |
s

1 L 0 0 Data Bus - PortB

-
o=

0 Data Bus - Port C

Data Bus - Contro!

—
]
- | -
o
o

Disable Funttion

x | x | x| x| i Data Bus - 3- State

R

X X 1 1| 0 Data Bus - 3 - State

PCr.4 16-13

11,1315

PORT C, PINS 4-7: Upper nibbie of an 8-bit datla output latch/
bufler and an 8-bit data input buffer (no fatch for input). This port
can be divided into lwo 4-bit pons under the mode controd, Each
4-bn port contains a 4-bit latch and it can be used for the control
signai oulpuls snd status signalinpuls in conjunction with ports
Aand B.

PORT C, PINS G- 3: Lower nibble of Port C.

PORT B, PINS G-7: &4n 8-bil data output tatch/ bufter and an 8-
bit dala inpul butfer.

| SYSTEM POWER: | 5V Power Supply.

1/O

DATA BUS: Bi-directional, tri-state dala bus lines. connecled to
| system data bus.

RESET: A high on thisinpul clears the control register and ali
ports are sel 1o the input mode.

WRITE CONTROL: This inpul is low during CPU write
operatons,

PORT A, PINS 4-7: Upper nibbie of 2n 8-bit date oulputjaich/
hufier and an 8-bit data input latch.

Mo Cornect
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82C55A FUNCTIONAL DESCRIPTION

General

The B2CH54 1s a programmable penpheral interface
device Jesigned for use in Inlel mictocomputer sys-
tems, Hs function is that of a general purpose 110
component 1o interface peripheral equipment 10 the
microcomputer system bus. The funclional configu-
rev o of the 82C35A s programmed by the system
software so that normatly no external logic is neces-
sary toantertace penpheral devices or structures

Data Bus Buffer

This 2-state bidirectiona! 8-bit butfer is used (o inter-
tace the 82CH5A 0 the system data bus. Data is
transmitled or received by the buffer upon execulion
of input or oulput instructions by the CPU. Control
words and status information are also Uansferred
through the data bus butter.

Read/Write and Control Logic

The function of this block is to manage all of the
irternal and extarnal transfers ol both Datla and
Confrol or Status words. 11 accepis inpuls from the
CPU Address and Control busses and in turn, issuss
commands to both of the Control Groups.

Group A and Group B Controls

The functional configuration of sach port is pro-
grammed by the systems software. In essence, the
CPU “outputs™ a control word to the 82C55A. The
control word containg information such as “mode™.
“bit set’, “bit reset’, ete., that initializes the func-
tionzl configuration of the B2G55A.

82CS55A

Each of the Control blocks (Group A and Group B)
accepts “commands” from the Read/Wnte Control
Logic. receives “control words™ from the intemal
data bus and issues the proper commands (o its as-
sociated ports.

Control Group A - Port A and Port C upper (C7-Cd}
Contro} Group B - Port B and Pon C lower (C3-C0}

The control word register can be both eeritten and
read as shown in the address decode lable in the
pin descriptions. Figure 6 shows the control word
format for both Read and Write operations. When
tha control weord is read. bit D7 will always be a logic
"1, as this implies control word mode information.

Ports A, B,and C

The 820554 contains three 8-bit ports (A B, and C).
All can be configwred in a wide variety of funclional
characteristics by the system software bul each has
its own special fealures or “personality” 1o further
enhance the power and flexibility of the B2C554A,

Port A. One 8-bil data outpul laich/buffer and one
8-bit input latch buffer. Both “pull-up” and “pull-
down™ bus hold devices are present on Port A,

Port B. One B-bit dala inpu/outpul latch/butter.
Only “pull-up™ bus hold devices are present on Porl
B.

Part C. One 8-bit data output latch/buffer and one
8-bit data input buffer {no latch for input). This port
can ba divided into two 4-bit ports under the mode
control. Each 4-bit port contains a 4.bit {atch and it
can be used for the control signal outpuls and status
signal inputs in conjunction with ports A and B. Only
“pull-up”™ buy hold devices are preseni on Port C.

See Figure 4 for the bus-hold circuit configuration for
Port A B, and C.
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2412583

Figure 3. 82C55A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions

RESLY o
EeTERNY
INTERRAL d_o<}_q>—-—- AT A

DATA IR

INTERNA, o
[sTA Ol >

FIEYET

HTERNAL So——
LT3N
Wws
‘NOTE:

21258
Pest prns iaded witnt v then 20 pF capacilance may nol have e log:e iz

Fyuaanisad (CHowing a nw dware rasst

Figure 4. Port A, B, C, Bus-hold Caunfiguration
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82C55A OPERATIONAL DESCRIPTION

Mode Selection
Thaere are three basic modes of operation that can
L sebected by tne system suflivain,

tiode 0 — Basic input/output

tode 1 — Swobed Inpulf ouput
bode 2 — Bi-directional Bus

Yhen the resetingul goes “rugh™ all ports will e set
0 the input mode with dl 24 port lines held at a logic
“one” level by the nternal bus hold devices (see
Fugure 4 Notel After the rasel is removed the
E2C554A can remain in the inpul mode with no addi-
tonal inittalizaton required, Thes eliminales the need
for pullup or pulldown devices in “all CMCS™ de-
signs. During the execution of the system program.
sny ol the olther modes may be selected by using &
single outputl instruction. This aliows a single
B82C55A to service a vanety of peripheral devices
vith a simple software maintenance routine.

The modes for Port & and Port B can be separately
defined, while Port C is divided into two portions as
raquired by the Port A and Port B definitions. All of
the output registers, including the status Hlip-tiops,
will be resel whenever the mode is changed. Modes
may be combined so that their functional definitton
can be "ailored” to almost any 1/O structure. For
instance; Group B can be programmed in Mode 0 10
monitor simple switch closings or display computa-
tional results, Group A could be programmed in
Mode 1 10 monitor a8 keyboard or 1ape reader on an
interrupi-driven basis.

2a12hE-s

Figure 5. Basic Mode Definitions and Bus
interface

K-5

82C55A

SUNTRCL AN

e e e 1t Ayt ot COE BET FLAG

15 AGTIVE

EINESE

Figure 6. Mode Definition Format

The mode definitions and possible mode combina-
tions may sesm confusing at first but afler a cursory
review of the complele device operation a simpie.
logical 1/0 approach will surface. The design of the
B2C55%A has taken into account things such as etffi-
cient PC board layout. controf signal definition vs PC
layout and complete functional flexibility to support
almaost any peripheral device with nc externa! logic.
Such design represents the maximum use of the
avaiiable pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port G can be Set or Resel
wsing a single OUTput instruction. This feature re-
duces software requirements in Control-based appli-
cations.

When Port G is being used as status/conirol for Port
A or 3. these bits can be set or resel by using the Bit
SetrBeseal operation just as if they were data cuiput
ports. .
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Figure 7. Bit Set/Reset Format

MODE O Port Definition

intal

When the 82C55A s programmed o operate i
mode 1 or mode 2 controf s:anals are provided that
can be used as interrupt feguest npuis 0 te CRU
The interrup! request signals. generated trom port C.
can be inhitsied or enabled by selling of @ waelhng
the assodiated INTE flip-llop. using the it set/resgt
functon of pont C.

interrupt Control Functions

This tunchon glows the Programmer o allow or
allow a specific 1/0 device 10 imerrupt the GPU vath-
oul atfecting any other device in the interrupl struc-
wre.

INTE thp-fiop detindion:

{BIT-SETY—INTE 15 SET—intenup! enabdie
BIT-BRESETHINTE is RESET—Interupt disable

Note:
All Mask flip-flops are automatically resel dunng
mode seiection and device Reset

[ A B GROUP A GROUP B

D, D D, Dg PORT A (':,?,?,Eg) v PORT B (tg‘?v";g)
0 0 0 0 OUTPUT CUTPUT 0 OUTPUT OUTPUT
0 ) 0 1 OUTPUT OUTPUT 1 OUTPGT INPUT

0- 0 1 o ouTPUT OUTPUT 2 INPUT outePuT |
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT

) 1 0 o OUTPUT INPUT 4 CUTPUT OUTPUT
0 1 0 1 OUTPUT INPUT 5 ouUTPUT INPUT

0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
) i 1 1 OUTPUT INPUT 7 INPUT INPLIT

1 ] o 0 0 INPUT OUTPUT | & OUTPUT ouUTPUT
1 ) ) 1 INPUT OUTPUT | 9 GUTPUT INPUT

1 0 1 0 INPUT OUTPUT | 10 INPUT QUTPUT
1 0 1 1 INPUT OUTPUT 11 INPUT INPUT

1 1 ) o INPUT INPUT 12 OUTPUT OUTPUT
3 1 0 1 INPUT INPUT 13 OUTPUT INPUT

1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT

K-6
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Mode Definition Summary

MODE 0 | MODE 1

| IN jOuT IN | ouT
PAn | IN | OUT I ouT
PAy| IN | OUT N ouT
PAz | IN | OUT IN ouT
PA;| IN | QUT IN ouT
Pag| IN | OUT IN ouT
PA5 | IN [ OUT N ouT
PAg | N | QUT N ouT
Pa; | IN | ouT ]\ ouT
PBy | IN | QUT iN ouT
PBy | IN | OQUT N ouT
PB. | 1IN | OQUT N ouT
PR.| IN | OUT N ouT
PB4 | IN {QUT N ouT
PBg | IN | CGUT IN ouT
PBs| IN | OUT IN ouT
FB, | IN } OUT IN ouT
PCa IN | OUT INTRg | INTRg
PGy | IN | OUT IBFg | OBFy
PC,| IN |OUT STBy | ACKy
PCy| IN |OUT INTR | INTRA
PCq| IN |OUT §TBA | 1O
PCs | IN | OUT IBF. | 14O
PCs | IN |OUT O | ACKa
PC; | IN | OUT 110 | OBFp

Special Mode Comhination Considerations

There are several combinations of modes possible.
For any combination. some of all of the Port C lines
are used for contro! or stalus. The remaining bits are
either inpuls or oulputs as defined by a “Set Mode”
command.

During a read of Ponl G, the stale of all the Port C
lines. except the ACK and STB lines. will be placed
on the data bus. In place of the ACK and STB line
slates, flag status will appear on the data bus in the
PG2. PCA. and PGS bit positions as illustrated by
Figure 18.

Through a “Write Port C command, only the Port ©
pins programmed as outputs in a Mode D group can
be written. No other pins can be affected by a2 “Wrile
Port C” command. nor can the interrupt enable flags
be accessed. To waite 10 any Porl C outlput pro-
grammed as an oulput in a Mode 1 group or lo

K-7

MODE 2

GROUP A ONLY

MODE O
— ORMODE 1
ONLY

1O
170
140

INTR A

STB;
1BF
ACK A

OBFa

change an interrupt enable tlag, the ~Set/Reset Port
C Bit” command must be used.

With a "Se1/Reset Port C Bit” command, any Forl C
line programmed as an output {including INTR, IBF
and OBF) can be wrnilten, or an interrupt enabls flag
can be either set or reset. Port C lines programmed
as inputs. including ACK and STB fines. associated
with Fort C are not affected by a ~Set/Reset Port ©
Bit" command. Wnting 1o the corresponding Port C
tul positions of the ACK and STB fines with the
“Set/Reset Port C Bit” command wiil affect the
Groug A and Group B interrupt enable tlags. s illus-
trated in Figure 18,

Current Drive Capability

Any output on Port A, B or C can sink or source 2.5
mA This teature aliows the 82C55A 10 directly drive
Darhington type drvers and high-vollage displays
thatl require such sink of sowce curent.
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Reading Port C Status

in kode 0. Purt C transfers data to or from the pe-
npheral device When the 82C55A is programmed o
function in Modes 1 or 2. Pont C generales of ac-
cepts “hand-shaking” signals with the peripheral de-
vice. Reading the contents of Port C allows the pro-
agrammer {0 test or verify the “status™ ot each pe-
ripheral device and change the program tlow ac-
cordingly.

There is no special instruction to read the status in-
formation from Port C. A normal read operation of
Port Cis executed to perform this function.

82C55A

D; Dg Ds Dy D;

WPUT CONFIGURATION
D, Dy D

GROUP A

lireTveDier, e inra, [intey 1er, [ mrey |

QUTPUT CONFIGURATIONS
D; Dg Dg Dy Dy D Dy Dy

SROUP B

|53 ‘oliol ; re=13 5
goarA\lNreJn_.o\r.o&mA |,~.'TEL.|OE<FL.|H-JTRL.E
|

GROUP A

J
GRCUF B

Figure 17a. MODE 1 Status Word Format

D Ds Dy D3

D2 D4 Do

Dy
[08F A INTE, [1BF 2 INTE, [INTR.
L L

1)

GROUP A
L (0ol e Uy bMose § oo Made 1 Sekeotoc:

GROUPE

Figure 17b. MODE 2 Status Word Format

Interrupt Enable Flag Position Alternate Port C Pin Signat (Mode)
INTEB PC2 ACTK (Output Mode 1} or STBy (loput tode 1}
INTE A2 PC4 STB 4 (Input Mode 1 or Mode 2)

INTE At PCE ACK a (Quiput Mode t or Mode 2

Figure 18. interrupt Enable Flags in Modes 1 and 2

K-8
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ABSCOLUTE MAXIMUM RATINGS®
Ambient Temperature Under Bias. .. .0°Ctlo + 70°C

150°C

0.5t | 80V
EERE- A AT
Voltage on any Input. .. ....... GND 2V t 65V
Voltage on any Outpul . .GND 0.5V 10 Voo | 05V
Power Dissipation .................. ...... 1 Wall

Storage Temporature .. ... 65 C1io 1
Supply Voltage ..................
Operating Voltage ... ..

intal.

NOTICE: Thig is a production data sheet. The specifi-
cations are subject to change without notice.

il

WARNING: Stressing ihe deves beyord the "Absolule

Maxmun Falngs™ may Causs pomnansn! Zamage.
These are stress raungs omy. Oparation beyond the
“Opearating Conditons ™ s not recommendsd and ax-
tanged exposwe Leyond e Ouenatmg Condbons”
may alfect Ceucs rehapdty.

D.C. CHARACTERISTICS

Ta - 0'C 1o 70°C, Voo t SV —10%. GND - OV (Ta - 40"C 1o | 85C for Extended Tamperture)
| symboi | Parameter Min Max | Units | Test Conditions
| | Input Low Voltage 05 0.8 v
Vir Input High Voltage 2.0 Veo v
Vou Output Low Voltage 0.4 vV ‘ IoL  2.5mA
Vo Outpul High Voliage 3.0 N oM 2.5 mA
Voo 0.4 Y Ion - 100 uA
b input Leakage Cumertt =1 wh Vin © Voo 1o OV
{Note 1}
lorL Outpu! Float Leakage Cumrent =10 uh Vin - Voo to OV
{Note 2}
tpag Darlinglon Drive Current =25 {Note 4} mA Poris A. B, C
Rg, - 5004t
Vaxt - 1.7V
Topt Port Hold Low Leakage Current 150 1 300 uh Yaur - 1.0V
Port & only
(P Port Hold High Leakage Curgnt 50 309 uwh Vour 30V
Poris A, B.C
lpHLO Port Hold Low Overdrive Current - 350 wh Vaur © 08Y
lHHO Port Hold High Overdnive Cument 1350 wA Vour - 3.0V
ton Vo Supply Current 10 miA {Note 3}
fors Vo Supply Current-Standby 10 wh Voo = 5.5V
Vin - Voo of GND
Port Conditions
i1/P - Open/High
O/P - Open Only
With Data Bus -
High/Low
CS .+ High
Raset - Low
Pure inputs -
Low /High
NOTES:

toPins Ay, A, TFRE FD. Reset,
2. Data Bus: Ports B, C,
3. Qulpuls cpen,

4. Larit oulput currsed Lo 4 3 r Al
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OTHER TIMINGS

% Symbe! Parameter 82CS5A-2 Units Test
Min | Max Conditionsg
I o WR 110 Output 350 ns
I Penpheral Data Betore RD 0 ns
Yt Peripheral Data After RD 0 ns j
fak ACK Pulse Width 200 ns ]
151 STB Pulse Width 100 ns
g Per. Data Before 5TB High 20 | ns
Yo Per. Data After STE High 50 | ns
Yo ACK - 0o Output T 175 ns
| W ACK - 1t CutputFloat 26 | 250 ns
i‘ LaoH j WR 1100BF  © 150 ns
o ACK  0wDBF 1 } 150 ns
i T8 owIBF 1 150 ns
g BD - 110IBF =~ 0 150 ns
a3 RO OtoINTR - O 200 ns
g1y STB -~ 1{GINTR = 1 150 ns
Wi ACK {110INTR = 1 150 ns
it WR = D10INTR ~ O 200 ns see note 1
egEs Reget Pulse Width 500 ns sge note 2
NOTE:

1. INTR | mae cccur as eady as WR | .
2. Pulse width of intial Resel pulss after pewer on must be at feast 50 uSee. Subseguent Reset pulses may bs 550 ng
mnrum. The output Ports A B or Cray gitch low duning the réset pulse but all pert pins will be held at alegic “ens” leval

afler the raset pulse.
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82C55A

CAPACITANCE
Ta  PEC oo GND GV
| Symbol | Parameter Min Max | Units | TestConditions
i G input Capacitance 1G [ pF Unmeasured plos
i T . rgtumed o GND
H ety 0O Capacilanc .
t G, 1:0 Capacitance 20 ’ pF # 3 { A5
NOTE:
5 Saapizd ot 10075 tested,
A.C. CHARACTERISTICS
Th 0 1073C Voe 15V —10% GND . OV
Th 40°C 1w 1 85°C ior Extended Temperalure
8US FPARAMETERS
READ CYCLE
r 554
| Symbol Parameter 82Cs54-2 Units Tes't
Min L Max Conditions
T Address Stable Belore B0 | o] L ns
ta Adiress Hold Time After RD | o | ns
ek RD Pulse Width 150 ns
() Data Delay rom 80 | 120 ns
g AD T to Data Floating 10 75 ns T
thy Recovery Time between RD/WR 200 L ‘ ns ‘
WRITE CYCLE
Symbol Parameter 82C55A-2 Units c ‘:St
L Min Max anditiens
Yy ‘L Address Stabie Betore WR | 0 ns
fin ‘ Ladresy Hold Time Afler WR T P26 ns Ports A& B
1 20 | ns FortC
. L WR Pulse Width 100 ny
1oy Data Setup Time Before WR T 100 ns T
i Data Hoid Time After W | 30 ns | Ports A&B
30 ns T Port C

K-11
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B logos
poaERy GENERAL MIDI ioga is atrademazx of Associztion of Musical Electrouics Indusiry {AMEL),
and indicates G systemn level 1 Camzliant.
E XG loyo is a trademark of YAMAHA Comoration.

‘@ : n H n I Il s xa SONDIUS-XG loge is a trademark that Stanzord University in the United States and
' ™ YAMAHA Corpomatic held jaintly.

@ Se nsqura™ Seasaura loge 13 a tradernark of Central Aesearch Laboratonies Limited

1. GM system level 1
GM system level 1 is a world standard format about MID! synthesizer wiuch provides voice arrangements
and MIDI functions.

2.XG
'XG is a formar about MIDI synthesizer that is preposed by YAMAHA, and kceps the upper compatibility of
GM system level 1. The pood points are the voice mrangements kept extensively, o large number of the
voiees, modification of the voices, 3 kinds of effects, and sc on

3. SONDIUS-XG
Products bearing the SONDIUS-XG logo aie licensed under patents of Stanford University and YAMAHA
Corporation as listed on <htip:ifwwwsondius-xgeom>, The SONDIUS-XG produces ncoustic sound
outputs by running a virtual simulation of the actual acoustic insttument operation. Therefors, it provides
much more real-world acoustic sound ecutputs fundamentally different from the Wavetable sound generator
that stmply processes the recorded ncoustic sound sources only.  The SONDIUS-XG adds the technology
of virtual acoustic sound te the XG formar.

4. Sensaura
Senscura is a technology which provides 3D positions] rudio and moving effect by HRTF (Head Relnted
Transfer Function) with 2 speakers or headphone. This feature nwkes it pessible to enjoy invariabie and

unchangeable sound feelings in all-positicnal area covering as wide as 368 degrces.
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YMF724F MATIARIA

B FUNCTION OVERVIEW

1. PCI INTERFACGE -

1-7. PCl Bus Command

NS- 1 supports the following PCE Bus commands,

1-1-1. Target Device Mode

C/BE[3:00% Command
0 ¢ o € | Intenupt Acknowledue (not support)
0 0 i | Special Cycle (not support)
& iy 1 0 | YO Rend
] 3 1 i YO Wiite
0 i o 0 | reserved
0 1 0 1| reserved
0 ! 1 ¢ | Memory Read
0 1 1 Memory Wiite
1 b 0 0 | reserved
1 o 0 i reserved
1 o 1 0 | Configuration Read
1 0 1 i Configuration Write
1 { 0 0 ] Memory Read Multiple {not support)
1 { 0 1 | Dual Address Cycle {not support)
1 1 1 ¢ | Memory Read Line {not support)
i { 1 { Memory Wriite and Invalidate {not support)

DS-1 does not mssert DEVSEL# when nccessed with commands that are indicated as (not supperted) or
reserved,

1-1-2. Masler Device Mode

C/BE[3:018 Command
0 1 1 ¢ | Memory Read
0 I 1 1| Memory Wiite

When DS-1 becomes a Master Device, 1t generates only memory write and read cycle commands.
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YMF724F

1-2. FPCI Contiguration Register

1 addition 1e the Counfipwration Register defined by PCH Revision 2.1, DS-1 provides proprietary PCI

Confiparalion Repisters in oider lo contro! iegney audic function, such as Fb Synthesizer, Souud Blaster Pro,

MPUA0Y and Joystick  These additional registers ave (o0 ™

from YAMAHA Comomlicn.

Thie fcllowing shows the cverview of the PCI Contiguration Repister.

Offset bi31..24] b{23..16} p{15..8] b{7..0]
0-G3h Bevice 112 Vendor i3

04-37n Status Command

08-08Bn Baze Class Code Sub Class Code rogramming 1F Revision 10
QC-0Fh Reserved Header Type Latency Tirmer Reserved
10-13h FCi Audio Memory Base Address

14-2Bh Resenred

2C-2Fh Subsyslem ID Subsystem Vendor 1D
30-33h Reserved

34-37h Reserved l Cap Polrter
38-3Bh Reserved

3C-3Fh | Maximum Latency hMininum Grant Interrupt Pin i Interrupt Line
40-43h Extended Legacy Audio Control Legacy Audio Cortrol
43-4Fh Subsystem 1D Write Subsystern Vendor ID Write
48-4Bh 08-1 Fower Control DS-1 Controi

4C-4Fh Reserved B-DMA Siave Configuration
50-53h Power Kanagemeni Capabllities Next {tem Polnter Capability 1D
54-57h Resefved Power Management Control f Status
58-58h Reserved ACPl Moge

SC-FFh Resetved

Reserved | repisters are hardwired to <07

read from these registers are all zero.

All data wiitten fo these registers are discarded.

DS-1 can be accessed by using any bus width, §-bit, 16-bit or 32-bit.
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Introduction

MIDI Programming

There 1s a separate device file for each installed MIDI
interface. The device name contains two decimal digits which
specify the interface number. The interface number is shown

in the printout produced by cat /dev/sndstal. For example
the device tile for the tirst installed MIDI port is
Jdev/midioe. Name /dev/midi 1s a svmbolic link that points

to the default MIDI device file which is usually

/dev/miding.

These device tiles have similar capabilities than the ordinary
/dev/try interface. Evervthing written to the device will be
sent to the midi port as soon as possible (there could be some
earlier written bytes in the queue which delay the transmit).
There are no timing features which make 1t difficult to use
these devices for sequencer like applications. The intended use
for this interface is sending and receiving system exclusive
messages. For example this is required when making a patch
editors and librarians for various MIDI synthesizers.

Reading from the device waits until there are at least one byte
in the receive buffer. When the first byte is received, the driver
will not wait for additional characters. This means that the
read returns usually less bytes than requested. Since the MID!
transfer rate is fairly high

(about 31 kbaud), several bytes will be received betfore the
reading process finally gets activated and is able to continue
execution of the read call. On my 486/50 system it can receive
up to about 60 bytes at a time. On a slower or heavier loaded
system the read could return even more data at once.

There are couple of unnecessary delays in the current
implementation, but they seems to be harmless. For example it
is possible to route the incoming midi data from one port into
another using cat /dev/imidi00 > /dev/m1di01. There is no
annoving delavs between a kevpress on the kevboard and the
sound on the synth connected to the /dev/midiO1.

The /dev/midi interface supports select but currently just with
Linux.

To use the raw MIDI devices, you will need some knowledge
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Changing
parameters

of the MIDI protocol. The ofticial MIDI 1.0 specification is
sold by MIDI Manufacturer's Association (MMA). There are
some books containing the most important parts of the
protocol. In addition unofficial hacks of various MIDI
specifications are available using anonymous ftp from
ftp://mitpress.mit.edu/pub/Computer-Music-
Journal:Documents/MIDI or read an HTML version here.

We don't give exact details at this time since the interface will
change before final release. Here are just some hints.

There is possibility to set a time-out which the process waits
for the first byte. By default 1t waits infinitely.

Intelligent MIDI adapters

The Roland MPU-401 and some other pro-level MIDI cards
have various advanced features not available in most
soundcards.

For accessing the MPU-401 in it 1s intelligent mode, there are
two ioctl calls. The first turns on the intelligent mode (or
rather it resets the card and turns off the UART mode). The
second one sends a command to the card. Since some
commands have parameters or return some data, there will be
a way to handle these situations. Unlike in some other MPU-
401 drivers, OSS will not contain separate 1oct! for each of the
commands. There will be just one and the command (with
parameters) are passed in the argument. The MPU-401
specific features are available only with cards supporting the
intelligent mode. Several sound cards have a MPU-401
compatible interface which supports the UART mode only.

We have used the MPU-401 for recording midi bytes and it
works fine. The data received from the card contains all the
information returned by the card, including the MIDI data,
timing bytes, MPU marks and messages. I have not tried
output yet but 1t should be possible to make 1t work.

The MPU interface is not there so that everyone can program
the MPU-401 itself. The /‘dev/sequencer2 interface will
support all the features of MPU-401 in way that is portable.
Some other MIDI cards have advanced features like tape sync
and the sequencer? interface makes these features accessible
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What is
MIDI?

in device independent way. The MPU interface is there just
for making it easier to port MPU specific applications from
other environments. (The main reason why it is there 1s that 1t
makes 1t easier to study ins and outs of the MPU-401).

Usine the raw MPU interface requires deep knowledge about
the MPU-401 internals. There are at least two sources for this
information. The first is the MPU-401 Technical Reference
Mannal and the other is the developers library for the Music
Quest MOQX-32M.

MIDI is an acronym for Musical Instrument's Digital Interface
(or something like it). MIDI 1.0 Detailed Specification defines
both the hardware level interface and the communication
protocol used for communication between devices having
MIDI interface. It is primarily a data communication
specification but also used in many other ways. 1 don't try to
give complete description here. Just the rough idea.

The hardware level MIDI interface is like a RS-323 port but it
1s not plug compatible with it. MIDI cable has 5 pin DIN
connectors at the ends and the transfer rate is nonstandard
(31250 baud??7). One cable can carry data just to one
direction. Bi-directional connection requires two cables. More

than two devices can be connected together by chaining the
devices.

The MIDI devices communicate by sending messages through
the MIDI cable. Every message starts with a status byte and
may have one or more additional data bytes. The status byte
has 1 in the most significant bit while the data bytes have 0.
This means that the data bytes may have just 128 different
values and to carry just 7 bits of information.

The first four bits of a status byte (status O0xF0) specify the
type of the status and the last 4 bits carry the MIDI channel
number. Status bytes OxFO to OxFF are reserved for system
messages (the last 4 bits contain the message type).

There are 16 possible ¢hannels in the MIDI cable. Each of
them can be assigned to physically separate devices or some
devices could interpret the messages sent to all channels.
Some parameters such as instrument (program) number are
assigned by channel so each device listening a particular MIDI
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channel will play using the same instrument number. The
device has freedom to interpret the instrument number as 1t
wish.

For example when the player hits a key on the kevboard. a
NOTE ON message 1s transmitted to the MIDI cable. It starts
with a status byte 0x9X where the X 1s the channel number.
There are two data bytes following the status. The first 1s the
note number which tells which key the player has pressed. The
second specifies the velocity of the keypress. The velocity is
used to control the volume and some other parameters of the
played sound.

It 1s important to notice that no sound is transferred through
the MIDI line. Just instructions how the receiving instrument
should control itself.

MIDI file is a file containing MIDI messages and some other
data which can be used by the MIDI sequencers and other
applications. It is a well defined interchange format which
makes it possible to transfer songs between virtually any

application supporting the format. In the PC workd these files
have an extension .MID.

Unlike some other file formats for storing musical information
(.MOD) MIDI files don't contain any instrument data. The
instruments are defined just by including some MIDI program
change messages into the files. The playing system has

complete freedom to assign actual instrument timbres for the
program numbers.

Preface
After the MIDI 1.0 standard was finalized in the early 1980's, numerous musical
instruments with MIDI jacks appeared upon the market. Musicians started to
attach these instruments via their MIDI ports, and quickly discovered that the
MIDI 1.0 specification had overlooked some important concerns. ‘

One typical scenario may have been as follows:

A musician attaches his Roland D-10 to his Yamaha DX-7, because he prefers the
front panel of the D-10, but prefers the sound of the DX-7, and he wants to use the
D-10 to "play" the DX-7. He selects the patch labeled "Piano” on the D-10, and he
plays the D-10 keyboard, and on the DX-7 he hears... a trumpet? How did this
happen? Well, it happened because MIDI sends a program change message that
contains only a patch number -- not the actual name of the patch. So if patch #1 on
the DX-7 is a trumpet sound, then that's what he gets on the DX-7, despite the fact



that sclecting patch #1 on the D-10 yields a piano sound on the D-10. The MIDI
1.0 specitfication did not require that particular sounds be assigned to particular
patch numbers, so every manufacturer used his own discretion as to "patch
mapptng".

But the real problem was with MIDI files that the musician made. MIDI files
contain only MID! messages. So. any program change event in a MIDI file refers
only to a patch number as well -- not the actual patch name. So, this musician
creates a MIDI file using his D-10. He has a piano track, so he puts a program
change event at the track's beginning to select patch #1, which happens to be a
Piano sound on his D-10. He takes that MIDI file to a friend's house. The friend
has a DX-7. They play the MIDI file on that DX-7, and suddenly, the piano part is
playing with a trumpet sound. Well, that's because patch #1 on the DX-7 is not a
piano -- it's a trumpet sound. To "fix" the MIDI tile, now the musician with the
DX-7 has to edit the MIDI tracks and change every MIDI Program Change event
so that it refers to the correct patch number on his DX-7. This deviance among
MIDI sound modules made 1t very difficult for musicians to create MI1DI
arrangements that played properly upon various MIDI sound modules.

There were also some other deviances among early MIDI modules that made 1t
more difficult to use them together via MIDI. To address these concerns, Roland
proposed an addendum to the MIDI 1.0 specification in the late 1980's. This new
addendum was called "General MIDI" (GM). It added some new requirements to
the base MIDI 1.0 specification (but does not supplant any parts of the 1.0
specification -- the 1.0 specification is still the base level to which all MIDI

devices should adhere). GM has now been adopted as part of the MIDI 2.0
specification.

| General MII)i Patcﬁes

So to make MIDI Program Change messages of more practical use, Roland found
1t necessary to adopt a standard "patch bank”. In other words, what was needed
was to assign specific instrument sounds to specific patch numbers. For example,
it was decided that patch number 1 upon all sound modules should be the sound of
an Acoustic Grand Piano. In this way, no matter what MIDI sound module you
use, when vou select patch number 1, vou always hear some sort of Acoustic
Grand Piano sound. A standard was set for 128 patches which must appear i a
specific order, and this standard is called General MIDI (GM). For example, patch
number 25 upon a GM module must be a Nylon String Guitar. The chart, GM

Patches, shows you the names of all GM Patches, and their respective Program
Change numbers.
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Nowadavs, most modules (including the built-in sound modules of computer
sound cards) ship with a GM bank (of 128 patches) so that it is easy to play MIDI

files upon any MIDI module, without needing to edit all of the Program Change
events in the file.

WA A, Akaae e 57

Multi-Timbral requirement

SR R,

General MIDI

Another burgeoning technology in the late 1980's was the multi-timbral module.
Typically, there were deviances in the way that various manufacturers
implemented this, since the 1.0 specification did not specifically address such
devices. For example, some early multi-timbral modules supported only a limited
set of the 16 MIDI channels simultaneously, so if you had a MIDI file with tracks
upon unsupported MIDI channels, you wouldn't hear those tracks play back. You
may not have even realized that those parts weren't being played.

So, one requirement of a GM-compliant module is that it must be fully multi-
timbral, meaning that it can play MIDI messages upon all 16 channels
simultaneously, with a different GM Patch sounding for each channel.

General MIDI Note Number assignments
There were also deviances in regards to Note Number mapping. For example,
some manufacturers mapped middle ‘C' to MIDI Note Number 60. Others mapped
1t to Note Numbers 72 or 48. Some modules even had middle C mapped to

various places in different patches, depending upon the instrument. For example, a
bass guitar patch may have middle C mapped to the highest C on the keyboard

(since the most useful range on a bass guitar is below middle C). A flute patch
may have middle C mapped to the lowest C on the keyboard.

The result was that, it became confusing to keep track of which key (ie, MIDI
Note Number) played middle C for each patch. Also, when a MIDI track was

played back upon certain modules, the part may play back an ociave too high or
low.

It therefore was decided that all patches must sound an A440 pitch when receiving

a MIDI note number of 69. (ie, Note Number 69 plays the A above middie C, and
therefore Note Number 60 is middle C).

There were deviances in regards to "drum machines” as well. Most drum
machines (and drum units built into multi-timbral modules) play a different drum
sound for each MIDI Note Number. But the 1.0 specification never spelled out
which drum sounds were assigned to which MIDI note numbers. So, whereas note
number 60 may play a snare upon one drum unit, upon another drum unit, it may



play a crash cymbal. Again, this caused trouble with MIDI files, since sometimes
a drum part would play back with the wrong drum sounds.

To address this discrepancy, the GM addendum contains a "drum map". This
assigns about 48 common drum sounds to 48 specific MIDI Note Numbers. The
assignments of drum sounds to MID! notes 1s shown in the chart, GM Drum
Sounds. Also, it was decided that a GM drum unit should default to using MIDI
channel 10 to receive MIDI messages. Therefore, a composer of a GM MIDI file
can safely assume that his drum part will play correctly if he uses the GM Drum
note assignments and records the drum part upon MIDI channel 10.

General MIDI polyphony

Polyphony is how many notes a module can sound simultaneously. For example,
perhaps a module can sound 32 notes simultaneously. Early MIDI modules

typically had very limited polyphony. For example, the Prophet 5 could sound
only 5 notes simultaneously.

This discrepancy in polyphony among MIDI modules made it difficult for
arrangers to create MI1DI files that played properly upon various modules. For
examnple, if the arranger created too "busy" an arrangement, it could exceed the

polyphony of a particular module, and therefore some of the notes may not be
heard.

To address this discrepancy, the GM addendum stipulated that a GM module
should be capable of sounding at least 24 notes simultaneously. (le, It must have
24 note polyphony). 1t could exceed 24 note polyphony, but it had to have at least
that level of polyphony. In this way, if an arranger ensured that he never had more
than 24 notes sounding simultaneously in his MID] file, all notes of his
arrangement would be heard upon any GM module.

Other Ceneral MIDI requirements

Finally, the GM addendum attempted to address some other discrepancies by
spelling out a few more requirements.

A GM module should respond to velocity (ie, for note messages). This typically
controls the VCA level (ie, volume) of each note. but the GM addendum
unfortunately did not set a specific function for velocity. Some modules may
allow velocity to affect other parameters on some patches.

The pitch wheel bend range should default to +/- 2 semitones. This allows an
arranger to use pitch bend messages in his arrangement without worrying whether
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a bend that is supposed to be up 2 whole steps will instead jump up 2 octaves
upon a certain sound module.

The module also should respond to Channel Pressure (often used to control VCA
level or VCO level for vibrato depth). Again, the GM addendum unfortunately did
not set a specific function for channel pressure, although typically 1t defaults to
controlling the volume of a note while it is being 1..17.

Finally, a GM module should also respond to the following MIDI controller
messages: Modulation (1) (usually hard-wired to . ontrol LFO amount, ie,
vibrato), Channel Volume (7), Pan (10), Expression (11), Sustain (64). Reset All
Controllers (121), and All Notes Off (123). Additionally, the module should
respond 1o these Registered Parameter Numbers: Pitch Wheel Bend Range (0),
Fine Tuning (1), and Coarse Tuning (2).

There were also some default settings that a GM module should apply upon power
up. Channel Volume should default to 90, with all other controllers and effects off

(including pitch wheel offset of 0). Initial tuning should be standard, A440
reference.

iR, PR < S

General MIDI messages

The GM addendum did specify a couple System Exclusive messages to alter

settings that are common to all GM units, but which were not addressed by the 1.0
specification.

One such message is for Master Volume -- not just the volume of a patch upon
any one MIDI channel, but the master volume of the module itself.

There is also a System Exclusive message that can be used to turn a module's
General MIDI mode on or off. This is useful for modules that also offer more
expansive, non-GM playback modes or extra, programmable banks of patches

beyond the GM set, but need to allow the musician to switch to GM mode when
desired.

Fmast LT e L W T SR e B e T

Conclusion

(GM Standard makes it easy for musicians to put Program Change messages in
their MIDI (sequencer) song files, confident that those messages will select the
correct instruments on all GM sound modules, and the song file would therefore
play all of the correct instrumentation automatically. Furthermore, musicians need
not worry about parts being played back in the wrong octave. Finally, musicians
didn't have to worry that a snare drum part, for example, would be played back on
a Cymbal. The GM Standard also spells out other minimum requirements that a
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GM module should meet, such as being able to respond to Pitch and Modulation
Wheels, and also being able to playv 24 notes simultaneously (with dvnamic voice
allocation between the 16 Parts). All of these standards help to ensure that MIDI
Files play back properly upon setups of various equipment.

The GM standard 1s actually not encompassed n the MIDI specification proper
(1e, it's an addendum), and there's no reason why someonc - ~»n't set up the Patches
in his sound module to be entirely difterent sounds than the GM set. After all,
most MIDI sound modules offer such programmability. But, most have a GM

option so that musicians can easily play the many MIDI {25 that expect a GM
module.

NOTE: The GM Standard doesn't dictate how a module produces sound. For
example, one module could use cheap FM synthesis to simulate the Acoustic
Grand Piano patch. Another module could use 24 digital audio waveforms of
various notes on a piane, mapped out across the MIDI note range, to create that
one Piano patch. Obviously, the 2 patches won't sound exactly alike, but at least
they will both be piano patches on the 2 modules. So too, GM doesn't dictate
VCA envelopes for the various patches, so for example, the Sax patch upon one
module may have a longer release time than the same patch upon another module.



GM Patches

This chart shows the names of all 128 GM Instruments, and the MIDI Program
Change numbers which select those Instruments.

The patches are arranged into 16 "families” of instruments, with each tamily
containing & instruments. For example, there is a Reed family. Among the &
instruments within the Reed familyv, you will find Saxophone, Oboe, and Clarinet.

Progt Instrument Prog# Instrument
1 S
2 10
3 11
4 12
5 13 Marimba
5 14 Xylophone
7 15 Tubular Bells
8 16 Dulcimer
GUITAR
17 Drawbar Organ 25 Nylon String Guitar
18 Fercussive Organ 26 Steel String Guitar
19 Rock Organ 27 Electric Jazz Guitar
20 Church Organ 28 Electric Clean Guitar
21 Reed Qrgan 29 Electric Muted Guitar
22 Lecocoridean 30 Overdriven Guitar
23 H 11CA 31 Distortion Guita:
24 T vocordian 32 Guitar Harmonics
SCLG STRINGS
33 A ic Bass 41 Vioclin
34 E ic Bagsi{finger: 42 Vioia
35 E ic Bass(picx} 43 Cello
36 Fretless Bass 44 Contrabess
37 Slzp Bass 1 45 Tremolc Strings
38 Slap Bass 2 46 Pizzicato Strings
39 Synth Bass 1 47 Orchestral Strings
40 Synth Bass 2 48 Timpani
BRASS
ile 1 57 Trumpet
le 2 58 Trombone
1 59 Tuba
Z 60 Muted Trumpet
61 French Horn
62 Brass Sectign
63 SynthBrass 1
64 SynthBrass 2




T PIPE
65 soprano Sax 73 Piccoia
66 Albto Sax 74 Flute
67 Tenor Sax 75 Reccorder
68 Baritcne Sax 76 Fan Fiute
69 Ohoe 77 Rlown Bottle
70 Enalish i 78 “Fid
71 79
72 80
SYNTH LEAD SYNTH PAD
81 Lead 1 {square 89 Pad 1 {new adgej
82 Lead 2 ({sawtoccothi 90 Pad 2 (warm}
83 Lead 3 {callicpe) 91 Fad 3 {(polysynth)
84 Lead 4 {chiff 92 Pad 4 (choir
85 Lead & (charang; 93 Pad & {(bowad)
86 Lead € {volice 94 Pad & (metallic!
87 Leard 7 {(fifyr g5 Pad 7 (halol
88 Lead 8 ({(bass+lead) 96 Fad B {sweep)
SYHTH LFFECTS ETHNIC
97 X 1 {(rain) 105 Sitar
98 FX 2 {soundtrack; 106 Banic
9% ©X 3 {crystal: 107 Shamisen
100 FX 4 {(atmosphere! 108 noto
101 FX 5 (brightness) 109 Kalimba
102 FX & {(goblins} 110 Bagpipe
103 FX 7 (echoes) 111 Fiddie
104 FX 8 (sci-fi) 112 Shanai
PERCUSSIVE SCUND EFFECTS
113 Tinkle Bell 121 GCuitar Fret Noise
114 RAgogo 122 Breath Noise
115 Steel Drums 123 Seashcre
116 Weedbliock 124 Rird Tweet
117 Teiko Drum 125 Telephcone Ring
118 Melodic Tom 12¢ Heligcorter
119 Synth Drum 127 Applause
120 Reverse Cymbal 128 Gunshot

Prog# refers to the MIDI Program Change number that causes this Parch to be
selected. These decimal numbers are what the user normally sees on his module's
display (or in a sequencer's "Event List"), but note that MIDI modules count the
first Patch as 0, not 1. So, the value that is sent in the Program Change message
would actually be one less. For example, the Patch number for Reverse Cymbal is
actually sent as 119 rather than 120. But, when entering that Patch number using
sequencer software or vour module's control panel. the software or module
understands that humans normally start counting tfrom 1, and so would expect that
you'd count the Reverse Cymbal as Patch 120. Therefore, the software or module

automatically does this subtraction when it generates the MIDI Program Change
message.

o
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So, sending a MIDI Program Change with a value of 120 (1¢, actually 119)to a
Part causes the Reverse Cymbal Patch to be selected for playing that Part's MIDI
data.

GM Drum Sounds

This chart shows what drum sounds are assigned to each MIDI note for a GM
module (ie, that has a drum part).

MIDI Drum Sound '~ MIDI Drum Sound
Note # Note #
35 Acoustic Bass Drum 59 Ride Cymbhal 2
36 Bass Drum 1 60 Hi Borgo
37 Side Stick 61 Low Bongo
38 Accustic Snare 62 Mute Hi fonga
39 Hand Clap 63 Open Hi Conga
40 Electric Snare 64 Low Conga
41 Low Flgor Tom 65 High Timbale
42 Closed Hi-Hat 66 Low Timbale
43 High Floor Tam 67 High Egogo
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 Lo istle
45 Crash Cymbal 1 73 Short iy
50 High Tom 74 Long G
51 Ride Cymbal 1 75 Clave
52 Chinese Cymbal 7€ Hi
53 Ride Bell 77 Low
54 Tambourine 78 Mute
55 Splash Cymbal 79 Cre
56 Cowbell 80 Mute

57 Crash Cymbal 2 81 Open

58 Vibraslap
A note-on with note number 42 will trigger a Closed Hi-Hat. This should cut off
any Open Hi-Hat or Pedal Hi-Hat sound that may be sustaining. So too, a Pedal
Hi-Hat should cut off a sustaining Open Hi-Hat or Closed Hi-Hat. In other words,
only one of these three drum sounds can be sounding at any given time.

Similiarly, a Short Whistle should cut off a Long Whistle. A Short Guiro should
cut off a Long Guiro. An Mute Triangle should cut off an Open Triangle. A Mute
Cuica should cut off an Open Cuica.

Normally, all the above drum sounds have a tixed duration. Regardless of the time
between when a Note-On is received and when a matching Note-Off is received,
the drum sound always plays for a given duration. For example, assume that a



device has a "Crash Cymbal 1" sound that plays for 4 seconds. If a Note-On for
note number 49 is received, that cymbal sound starts playing. If a Note-Off for
note number 49 is received only 1 second later, that should not cut off the
remaining 3 seconds of the sound. The exceptions may be Long Whistle and Long
Guiro, which may use the duration between the Note-On and Note-off to
determine how "long" the sound plays.

If a drum is still sounding when another one of its Note-Ons is received, typically,
another voice "stacks" another instance of that sound playing.
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