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COM Music V Instrument
COM Note Parameters:
COM p2=start, p3=instr_num,
COM p4=duration, p5=ampl,
COM p6=dur_incr, p7=freq_incr

COM Definition for instr. 1
INS 0 1;

COM AMP FRQ OUT FCN TMP
OSC P5  P6  B3  F1  P20;
OSC B3  P7  B2  F3  P21;
OUT B2  B1;

END;

COM Generate Function Tables
COM Generate f1 as an envelope with GEN 1
COM Routine 1 takes x/y breakpoints

GEN 0 1 1 0 0  0.99 50 0.8 480  0 511;
COM Generate f3 as a sine using GEN 2
COM Routine 3 takes partial num. and ampl.

GEN 0 2 3 1 1;

COM Play Two Notes
COM p1 p2 p3 p4 p5 p6 p7

NOT 0 1 2 30000 0.0128 6.70;
NOT 2 1 4 8000 0.0064 8.20;

COM Terminate the score at time 6
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{ Cmusic FM instrument }
{ note format e.g., }
{ p1 p2 p3 p4  p5 p6 p7 p8 p9 p10 p11 p12}
{note 0 fm1 dur amp freq c:m ind att dec iAtt iDec }

{ include cmusic definitions }
#include <carl/cmusic.h>

{ set important globals }
set rate = 44100;
set channels = 1;

{ names make instruments easier to read }
#define DUR p4
#define AMP p5
#define FREQ p6
#define RATIO p7
#define MODF b10
#define IND p8
#define ATT p9
#define DEC p10
#define IATT p12
#define IDEC p12

{ instrument named fm1 defined at time 0 }
ins 0 fm1; { b1 = ampl env }

seg b1  AMP f2 d ATT 0 DEC;
{ b2 = index env }

seg b2  IND f2 d IATT 0 IDEC;
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{ scale frequency }
mult MODF FREQ RATIO;

{ b3 = modulator }
osc b3  b2 MODF f1 d;

{ add base freq and mod }
adn b4 b3 p6;

{ b5 = carrier }
osc b5  b1 b4 f1 d;
out b5;

end;

{ function declarations }
SINE(f1); { this is pre-defined }

{ GEN4 uses exponential segments }
GEN4(f2) 0,0,-1 0.1,1,0 0.8,1,-1 1, 0;

{ note list }
{  0 fm1 dur amp freq c:m ind att dec iAtt iDec }
note 0 fm1 2  -2dB 100Hz 1  1 .2 .1  .05  .4;
note 2 fm1 2 -6dB 100Hz 1  3 .2  .1  .05  .4;
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; Csound orchestra file

; sound file instrument
; p1 p2 p3 p4 p5 p6 p7 p8
; i1 start dur amp f_number attack decay position
; HEADER: Set 4 magic constants

sr=44100 ; audio rate
kr=441 ; control rate
ksmps=100 ; == sr / kr
nchnls=2 ; stereo

; Stereo soundfile mixing instrument
instr 1

; i-rate variables
; (updated once per note--optional)

idur = p3 ; duration
iamp =  p4 ; amplitude
iatt =  p6 ; attack time
idec = p7 ; decay time
il = p8 * iamp ; left factor
ir = (1 - p8) * iamp ; right factor

; read from file p5 into as2
as2 soundin p5, 0, 4

; apply envelope to as2
as1 linen as2, iatt, idur, idec

; place in stereo output
outs as1*il, as1*ir
endin

; Csound score file: notes for sound file instrument
;start dur amp fcn att dec pos
i1 0 4 1.0 1 0.001 1.0 0.5
i1 4 4 1.0 1 2.0 2.0 0.1
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; Csound FM instruments

; p1 p2 p3 p4 p5 p6 p7  p8  p9 p10 p11
; i1 start dur amp freq c:m ind att dec iAtt iDec

; HEADER: Set 4 magic constants
sr=44100 ; audio rate
kr=44100 ; control rate
ksmps=1 ; == sr / kr
nchnls=1 ; mono

; version 1--two envelopes and two oscillators
instr 1

idur = p3 ; duration
iamp = p4 ; amplitude
ifreq = octcps(p5) ; carrier frequency
imodf = p5 * p6 ; modulator frequency
indx = p7 ; index of modulation
iatt = p8 ; attack time
idec = p9 ; decay time
iiatt = p10 ; index attack time
iidec = p11 ; index decay time

;amplitude envelope
kamp envlpx  iamp, iatt, idur, idec, 2, 0.8, 0.01

; index envelope
kind envlpx  indx, iiatt, idur, iidec, 2, 0.6, 0.01

; modulator
amod oscili  kind*ifreq, imodf, 1

; carrier
acar oscili kamp, (ifreq+amod), 1
out  acar

endin
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; version 2--use foscili unit generator
instr 2 ; k1 = amplitude envelope

k1 envlpx  p4, p8, p3, p9, 2, 0.8, 0.01
; k2 = index envelope

k2 envlp p7, p10, p3, p11, 2, 0.6, 0.01
; a5 = fm oscillator

a5 foscili k1, p5, 1, p6, k2, 1
out a5

endinî�ï�ð'ñtòsóHôgôgõgî�ýàï�ú]þ���ò�ñ]÷mógú���û�ü~î�ï�ð�&�Ü�©Qÿ�ª�ïQú	Ð�þÁû�ñ]ú��
; Csound Score for FM Instrument
; Generate Sine in F1 using GEN 10
f1 0 1024 10 1
; Function 2 is the attack envelope using GEN 7
f2 0 1025 7 0.0001 1024 1.0

; p2 p3 p4 p5 p6 p7 p8 p9 p10 p11
; start dur amp freq c:m ind att dec iAtt iDec
i1 0 220000 7.02 1 1 .1 .2 .05 .4
i1 2 220000 7.00 1 6 .1 .2 .05 .4
i1 4 2 20000 7.07 1 4 .1 .2 .05 .4
endî�ï�ð'ñtòsóHô��gõ��tÿÁû�òsóHü�ïQù�óHü�û'ò«���]óHî'ýàïQú]þ���ò�ñ]÷mógú��Xï�ú	Ð�þÃû'ñ]ú��
; Csound Score for Soundin Instrument
; p2 p3 p4 p5 p6 p7 p8
;start dur amp file att dec pos
i1 0 41.0 10.001 1.0 0.5
i1 4 41.0 1 2.0 2.0 0.1
i1 7 40.1 1 0.0 4.0 0.8
endî�ï�ð'ñtòsóHô�¯gõ��tÿÁû�òsóHü�ïQù�óHü�û'ò«���]óH÷mï�%gï�ú]ð�ï�ú]þ���ò�ñ]÷mógú���û�ü~î'ïQð�&�ç�©�$�ª�ï�ú	Ð�þÁû�ñ]ú��
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{ Cmusic Sound File Reader Instrument
sndin--Mono-input to stereo instrument with att/dec

p1 p2 p3 p4 p5 p6 p7 p8
note start instr dur ampl att dec pos

}

#include <carl/cmusic.h>
set rate = 44100;
set channels = 2;

#define AMP p5
#define ATT p6
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#define DEC p7
#define POS p8
#define ENV b2
#define SND b3
#define LEFT b4
#define RIGHT b5

ins 0 sndin; { mono to stereo with fade in and out }
{ soundfile reader }

sndfile b1 AMP 1.0 s1 0 0 -1 d d d d d;
seg ENV 1.0 f1 d ATT 0 DEC;  { envelope in f1 }
mult SND b1 ENV; { envelope mult }
mult LEFT SND POS; { left mult }
inv b8 POS; { right factor }
mult RIGHT SND b8; { right mult }
out LEFT RIGHT; { stereo out }

end;

{ exponential attack/decay function }
gen 0 gen4 f1 0, 0 (2)  1/3, 1 (2) 2/3, 1 (4)  1, 0;
var 0 s1 “../bell.snd”; { file name variable }

#define BDUR 4 { define duration of sound }
set verbose; { verbose score execution }

{ start instr dur ampl att dec pos; }
note 0 sndin BDUR 1.0 0.001 0.5 0.5;
note 2 sndin BDUR 1.0 1.0 0.5 0.1;
note 5 sndin BDUR 0.2 2.0 2.5 0.9;
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cmusic fm1.sc | tosnd -h fm1.snd
play fm1.snd
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/* cmix C file */
include cmix header files
global declarations
C-functions for “unit generators” or “instruments”
profile() function
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/* cmix MINC file */
global variable declarations
create and/or open output sound file
play notes (i.e., call C functions)î�ï�ð'ñtòsóHô�ägõgî�û�ò�÷>���Xû'ü«�HÿÃ÷mï�%��]ò�û'ð�ò��g÷

/****** cmix fm instrument file ******/
#include <cmix/ugens.h> /* include cmixheader files */
#include <cmix/macros.h>

int NBYTES = 32768; /* set the I/O buffer size */

/* fm: p[0] = start, p[1] = dur, p[2] = amp, p[3] = freq,
 * p[4] = c:m, p[5] = index, p[6,7] = ampl. att/dec
 * p[8,9] = index att/decay
 */
double fm(p,n_args) float *p; int n_args; {

float sicar, simod, *sine, evals[6], ivals[6], modphs, carphs,
*risef, *decayf, indFcn, ampFcn, diff, mod, car, ampl;

int  len1, nsamps, i;

sine = floc(1); /* fcn 1 is sine wave */
decayf = risef = floc(2); /* fcn 2 is att/dec shape */
len1 = fsize(1); /* lookup size of f1 */

/* scale Hz to sample inc. */
sicar = cpspch(p[3])*(len1/SR);
simod = sicar * p[4]; /* scale the mod. freq */
modphs = carphs = 0; /* initialize phases */
ampl = ampdb(p[2]); /* convert p5 from dB */
nsamps = setnote(p[0], p[1], 1); /* set up the note */
evset(p[1], p[6], p[7], 2, evals); /* set ampl envelope */
evset(p[1], p[8], p[9], 2, ivals); /* set index envelope */

/* inner sample loop */
for(i=0; i<nsamps; i++) {

/* update amplitude envelope */
ampFcn = evp(i, risef, decayf, evals) * ampl;

/* update index envelope */
indFcn = evp(i, risef, decayf, ivals) * p[5];

/* modulator oscillator */
mod = oscili(indFcn, simod, sine, len1, &modphs);

/* carrier oscillator */
car = oscilni(ampFcn, sicar+mod, sine, len1, &carphs);
ADDOUT(&car, 1); /* additive writes to file 1 */

}
endnote(1); /* save note to disk after loop */

}

/** profile function--introduce function name to MINC scanner **/
profile() {

UG_INTRO(“fm”, fm);
}î�ï�ð'ñtòsóHô�çgõgî�ýàï�ú]þ���ò�ñ]÷mógú���ïQú�ÿÁ÷mï�%�Ð
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/* cmix MINC data file for fm instrument
 * p0 = start, p1 = dur, p2 = amp, p3 = freq, p4 = c:m ratio,
 * p5 = mod index, p6&7 = attack and decay times,
 * p8&9 = index attack and decay times
 * function 1 is sine wave, function 2 is index guide, 3 is envelope
 */

/* create an empty 44.1 kHz mono integer sound file */
system(“sfcreate -r 44100 -c 1 -i fm1.snd”)
output(“fm1.snd”) /* set “fm1.snd” as the output */

makegen(1, 10, 1024, 1) /* f1 = sine wave */
makegen(2, 7, 1024, 0, 1024, 1) /* f2 = expon. attack/decay */

/* declare names for p-field variables */
float start, dur, pch, amp, ratio, att, dec, i_att, i_dec;
start=0 dur=2 amp = 30000 pch=100 ratio=1
ind=1 att=.1 dec=.2 i_att=.05 i_dec=.4

/* p[0] p1  p2 p3 p4 p5 p6 p7 p8p9*/
fm(0, dur, amp, pch, ratio, 1, att, dec, i_att, i_dec)
fm(2, dur, amp, pch, ratio, 3, att, dec, i_att, i_dec)î�ï�ð'ñtòsóHô�ëgõgý�¦�ù®Ðò�������Hü�ï�ùQóHü�û'ò«���tóHÿÁ÷mï�%Hî�ýàï�ú]þ���ò�ñ]÷mógú��
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/***** cmix MINC data file for mix instrument *****/
output(“snd.snd”)

/* make a cpp macro for note command */
#define NOTE(ST, DUR, NAME, ATT, DEC, POS) \

input(NAME); \ /* open input file */
/* set envelope times */

setline(ST, 0, (ST+ATT), 1, (ST+DUR-DEC), 1, (ST+DUR), 0); \
/* play input file */

stereo(0, ST, (ST+DUR), AMP, POS);

NOTE(0, 4, “../bell.snd”, 0.001, 0.5, 0.2);
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Standard Tests
[1] FM example, one short note (0.5 sec)

measures start-up time overhead
[2] FM example, one long note (30 sec)

measures “raw” compute speed for oscillators
[3] FM example, many short notes (512 notes spaced over 43 sec)

measures scheduling overhead for notes
[4] FM example, 8 long notes (staggered over 37 sec)

measures mixing overhead
[5] Mixer example, many short notes (512 notes over 255 sec)

measures sound file I/O overhead
[6] Mixer example, 8 long notes (staggered over 8.25 sec)

measures sound file I/O speed

Tuning Tests—using benchmark 2 FM example, one long note (30 sec)
[7] k-rate = a-rate / 100 (csound, cmix only)

measures tuning possible with k- vs. a-rate
[8] truncating oscillators and 8k functions

measures speedup when using truncating oscillators
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1 2 3 4 5 6 7 8

Csound

SPARC 1.3 49.0 185.5 231.4 952.4 49.8 21.2 37.8

NeXT 2.6 64.0 344.3 477.8 1161.2 71.7 23.0 57.3

Cmusic

SPARC 1.4 44.0 192.8 254.9 660.9 157.1 38.1

NeXT 6.0 274.0 1235.9 1685.7 1807.5 404.0 259.5

Cmix

SPARC 4.4 47.3 245.1 323.6 690.3 25.8 177.9 36.4

NeXT 6.1 76.5 893.2 588.7 3033.9 82.2 96.1 67.8

8:95;�<>=�P�@BA�=DCFEBGIHJ95K�LJK�=DN�QF<>O�NR=DSUT
K�=�N�N�=DV&95NR95;�N�W5<>QFO�=�=DS5=DEBQFO�M�W5CXOYM�HJ=�N

1 2 3 4 5 6 7 8

Csound

SPARC 2.60 1.63 4.31 6.25 3.73 6.04 0.71 1.26

NeXT 5.20 2.13 8.01 12.91 4.55 8.69 0.77 1.91

Cmusic

SPARC 2.80 1.47 4.48 6.89 2.59 19.04 1.27

NeXT 12.00 9.13 28.74 45.56 7.09 49.0 8.65

Cmix

SPARC 8.80 1.58 5.70 8.75 2.71 3.13 5.93 1.21

NeXT 12.20 2.55 20.77 15.91 11.9 9.96 3.2 2.26
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Feature csound cmusic cmix

Language model
level 2 6 8
expressiveness 6 7 8
simplicity 8 7 5
learnability 8 8 5

Orchestra language
low overhead 8 6 2
control structures 4 3 10
scalability 4 6 8
debuggability 4 5 8
terseness 8 6 4

Score language
pitch notation 5 6 8
time notation 6 6 6
macros 2 10 10
control structures 2 2 10
score preprocessors 8 6 6

System
portability 8 5 5
documentation 8 9 5
development speed 6 4 8
execution speed 8 4 8
ability to pre-compile 4 2 8
integration with DSP tools 5 8 8
integration with score tools 6 6 8
integration with graphics tools 4 4 4
extensibility 4 6 8

Totals 128 132 160
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