










































































































































else { 

EP old[osc]=l; 
EP_time[osc]++; 
} 

!*time(])*/ 

timeO = *(EP + 2*(*EP) + EP _old[osc]); 
timel = *(EP + 2*(*EP) + EP _old[osc] + I); 
steps = time 1 - timeO; 
cur_step = EP _time[osc] - timeO; 

BPamp[osc] =cur_step * (*(EP + EP_old[osc] + 1)- *(EP + EP_old[osc])) I steps+ *(EP + 
EP _old[osc]); 

BPamp[osc] = ( (long int) EP _amp[osc] * BPamp[osc]) >> 15; 
BPpitch[osc] = cur _step * (*(EP + *EP + EP _ old[ osc] + l) - *(EP + *EP + EP _ old[ osc])) I steps + 

*(EP + *EP + EP _old[osc]) + EP _pitch[osc]; 

if(timel = EP _time[osc]) 
EP _ old[ osc ]++; 

EP _time[osc]++; 
if{EP _ old[ osc] = *EP) { 

BPamp[osc] = ((long int) EP _amp[osc] * *(EP + *EP)) >> 15; 
EP _old[osc]=O; 
EP_time[osc]=O; 
EP _ on[ osc ]=O; 
give_osc(osc); 
) 

} 

void init_ extern() { 
env_table[O] = envO; 
env_table[l] = envl; 
env_table[2] = env2; 
env_table[3] = env3; 
env _table[ 4] = env4; 
env_table[5] = env5; 
env_table[6J = env6; 
env_table[7J = env7; 
env_table[8] = env8; 
env_table[9] = env9; 
env_table[IO] =envlO; 
env_table[ll] = envll; 
env table[l2] =envl2; 
env_table[13] = envl3; 
env_table[14] = env14; 
env_table[15] = env15; 
env_table[16] =envl6; 
env_table[l 7] = envl 7; 
env_table[18] =envl8; 
env_table[19] = env19; 
voice_ table[O] = vO; 
voice_table[l] = vi; 
voice_table[2] = v2; 
voice_table[3] = v3; 
voice_table[4] = v4; 

64 



voice_ table[SJ = vs; 
voice table[6] = v6; 
voice_table[71 = v7; 
voice_table[S] = v8; 
voice_table[9] = v9; 
voice_table[IO] = vlO; 
voice _table[l 1] = v 11; 
voice_table[l2] = vl2; 
voice_table[13] = v13; 
voice_table[l4] = v14; 
voice_table[I5] = vl5; 
voice table[16} = vl6; 
voice_table[l 7] = vl7; 
voice_table[181 =v18; 
voice_table[l9] =v19; 
voice_table[20] = v20; 
voice_table[21] = v2l; 
inst_table[O] = instO; 
inst_table[l} = instl; 
inst_table[2] = inst2; 
inst_table[3] = inst3; 
insUable[4} = inst4; 
inst_table[5] = inst5; 
inst table[6] = inst6; 
inst_table[7] = inst7; 
inst_table[S] = inst&; 
inst_table[9] = inst9; 
insUable[IO] = instIO; 
inst_table[l 1] = instl 1; 
inst table[12] = inst12; 
inst_table[13] = inst13; 
inst_table[l4] = inst14; 
inst table[15] = instl5; 
inst_ table[I 6] = instl6; 
inst_table[I 7] = instl 7; 
inst_table[18] = instlS; 
inst_table[l9] = inst19; 
} 

!* external interrupt O */ 
I* external interrupt 1 * I

void c_intlO {} 
void c_int2() {} 
void c_int50 {} I* serial port receive interrupt*/ 
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; voice.asm - Voice data for Beethoven 

_vo 

.global _vo 

.global _vl 

.global _v2 

.global _v3 

.global _v4 
.global _vs 
.global _v6 
.global _v7 
.global _vs 
.global _v9 
.global _vlO 
.global _vll 
.global _v12 
.global _vl3 
.global _v14 
.global _vlS 
.global _vl6 
.global _vl7 
. global _v18 
.global _v19 
.global _v20 
.global _v21 

.data 

;time is in 38.4 ms increments 
;about 26 ticks per second 

;voices ... 
;EV number of events 
;EV instrument number 
;EV amplitude 
;EV pitch 
;EV tick 

.int 
.int 
.int 
' 

.int 
.int 

5 

12, 11, 14, 11, 13 
4000, 4000, 4000, 4000, 4000 
a4 g4 b4 a4 c5 
14846,14280,15400,14840,15680 
0, 4, 8, 20, 24 

_vl .int 8 
.int 2, l, 2, 1, 2, 1, 2, 1 
.int 4000, 4000, 4000, 4000, 4000, 4000, 4000, 4000 
; d el � � � � d d 
.int 13440,13440,14280,14280,14280,14280,14840,14840 
.int 0, 6, 8, 14, 16, 22, 24, 30 

_v2 .int 8 
.int 2, 1, 2, 1, 2, l, 2, 1 
.int 4000, 4000, 4000, 4000, 4000, 4000, 4QOO, 4000 
; cl � d el el d d d 
.int 12320,12320,13440,13440,13440,13440,13440,13440 
.int 0, 6, 8, 14, 16, 22, 24, 30 

_v3 .int 8 
.int 
.int 
' 

.int 

.int 

2, 

4000, 
c3 
8960, 
0, 

1, 2, 1, 2, l, 2, 1 
4000, 4000, 4000, 4000, 4000, 4000, 4000 
c4 b3 b3 b3 b3 a3 a3 
12320,12040,12040,12040,12040,11480,11480 
6, 8' 14, 16, 22, 24, 30 
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_v4 .int 1 
.int 2,2, 2, 2,2, 2,2, 2,2 
.int 6000,4000, 4000, 4000, 4000, 4000, 4000, 4000, 4000
; c2 g3 g3 a3 b3 e4 d4 b3 f#3 
.int 3640,10920,10920,11480,12040,13440,12880,12040,10640 
.int 0' 100, 108, 116, 124, 132, 140, 176, 208 

_vs .int 6 
.int 12, 11, 11, 11, 11, 11
.int 4000, 4000, 4000, 4000, 4000, 4000 
; c5 b4 d#5 e5 b4 e5 
.int 15680,15400,16520,16800,15400,16800 
.int 32 , 36 ,38 ,40 ,44 ,46 

_v6 .int 8 
.int 2, 1, 2, 1, 2, 1, 2, 1 
.int 4000, 4000, 4000, 4000, 4000, 4000, 4000, 4000
; f#4 f#4 e4 e4 d#4 d#4 e4 e4 
.int 14000, 14000113440, 13440 1 13160 I 13160, 1344'0 I 13440 
. int 32, 38, 40, 46, 48, 54, 56, 62 

_v7 .int 8 
.int 2' 1, 2, 1, 2, 1, 2, 1 
.int 4000, 4000, 4000, 4000, 4000, 4000, 4000 4000 
; d#4 b3 b3 b3 a3 a3 b3 b3 
.int 13160,12040,12040,12040,11480,11480,12040,12040 
.int 32, 38, 40, 46, 48, 54, 56, 62 

_v8 .int 8 
.int 2, 1, 2, 1, 2, 1, 2, 
.int 4000, 4000, 4000, 4000, 4000, 4000, 4000, 4000
; a3 a3 g3 g3 f#3 f#3 e3 e3 
.int 11480,11480,10920,10920,10640,10640,10080,10080 
.int 32, 38, 40, 46, 48, 54, 56, 62 

_v9 .int 6 
.int 1, 1, l, 1, 1, 1 
.int 4000, 4000, 4000, 4000, 4000, 4000 
' 

.int 
f#5 b4 f#5 g5 e5 g5 
17360,15400,17360,17640,16800,17640 

.int 48, 52, 54, 56, 60, 62 

_vlO .int 6 
.int l, l, l, l, l, 1 
.int 4000, 4000, 4000, 4000 4000, 4000 
' a5 e5 a5 b5 e5 b5 
.int 18200,16800,18200,18760,16800,18760 
.int 64, 68, 70, 72, 76, 78 

_vll .int 8 
.int 2, 1, 2, 1, 2, 1, 2, 1 
.int 4000, 4000, 4000, 4000, 4000, 4000, 4000, 4000 
' e4 e4 e4 g#5 a5 a5 d#4 b4 
.int 13440 t 13440 I 13440 ,_ 17920, 18200 I 18200, 13160, 15400 
.int 64, 70, 72, 78, 80, 86, 88, 94 

_vl2 .int 8 
.int 2, l, 2, 1, 2, l, 2, 
.int 4000, 4000, 4000, 4000, 4000, 4000 4000, 4000 

a3 a3 g#3 e3 e3 f#3 f#3 f#3 
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.int 11480,11480,11200,10080,10080,10640,10640,10640 

.int 64, 70, 72, 78, 80, 86, 88, 94 

_v13 .int 8 
.int 2, 1, 2, 1, 2, l, 
.int 4000, 4000, 4000, 4000, 4000 4000 
; c3 c3 b2 b2 a2 a2 
.int 8960 8960, 8680, 8680, 8120, 8120, 
.int 64, 70, 72, 78, 80, 86, 88, 94 

_v14 .int 6 
.int 1, 1, 1, l, l, 1 
.int 4000, 4000, 4000, 4000, 4000 4000 
; cs as f#S d#5 b4 d#S 
.int 15680,18200,17360,16520,15400,16520 
.int 80, 

_v15 . int 6 

84, 86, 88, 92, 94 

.int 1, l, l, 1, 1, 1 

.int 4000, 4000, 4000, 4000, 4000, 4000 
e5 b4 d#5 e5 b4 e5 

.int 16800,15400,16520,1680b,15400,16800 

.int 96, 100, 102, 104, 108, 110 

_vl6 .int 6 

_vl7 .int6 

.int l, l, 1, 1, 1, 1 

.int 4000, 4000, 4000, 4000, 4000, 4000 
• int 182,00 I 16800 I 18200 / 18760, 16800 I 18760
.int 128, 130, 134, 136, 140, 142 

.int l,l,l,l,l,1 

. int 4000,4000,4000,4000,4000,4000 

.int 17360,15400,17360,17640,16800,l 7640 

.int 112,116,118,120,124,126 

vl8 .int6 
.int 1,1,l,1,l,l 
.int 4000,4000,4000,4000,4000, 4000 
.int 19040, 18200,17360, 16520, 15400, 16520 
.int 144,148,150,152,156,158 

_v19 .int9 
.int 2,2,2,2,2,2,2,2,2 
.int 4000 ,4000,4000,4000,4000,4000,4000 ,4000,4000 
.int 15400, 13440,] 3440, 14000, 14280,14840,15400, J 5680, 14840 
.int 96, 100, 108, 116, 124, 132, 140, 148,156 

_v20 .int9 
.int 2,2,2,2,2,2,2,2,2 
.int 4000,4000,4000,4000,4000,4000,4000,4000,4000 

2, 
4000 
b2 
8680, 

.int 11200, 12040, 12040, 13160, 13440, 12320, 14560, 14840, 14000 

.int 96, 100, 108,116, 124, 132,140, 148,156 

_v21 .int9 
.int 2,2,2,2,2,2,2,2,2 
.int 4000,4000,4000,4000,4000,4000,4000,4000,4000 
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.int 7560, 10920, 10640, 10080,8960, 8680, 8120,8680 

.int 96,l 00, I 08, 116, 124, 132, 140, 148, 156 
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; inst.asm •• Beethoven Jnstrument data 

.global_ instO 

.global_ inst! 

.global _inst2 

.global _inst3

.global_ inst4 

.global _inst5 

.global_inst6 

.global _ inst7 

.global _inst8 

.global _inst9 

.global _inst!O 

.global _instl 1 

.global_instl2 
.global_ instl3 
.global _instl4 
.global _inst15
.global_ instl 6 
.global _inst I 7
.global_ instl 8
.global _inst19 

.data 

;instruments 
;number of envelopes 
;ENVamp 
;ENV pitch 
;ENV env _num 

insW .int 1 
.int 32767 
.int O 
.int O 

_ inst! .int 1 
.int 32767 
.int O 
.int I 

inst2 .int 1 
.int 32767 
.int O 
.int2 

inst3 .int 1 
.int32767 
.int O 
.int 3 

inst4 .int 1 
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.intJ2767 

.int O 
.int4 

inst5 .int 3 
.int 32767 ,28000,26000 
.int 0, 6720, 10640 
.int 0, O, O 

_inst6 .int 3 
.int 32767 ,28000,26000 
.int 0, 6720, 10640 
.int l, 1, 1 

_inst? .int 3 
.int 32767,28000,26000 
.int 0, 6720, I 0640 
.int2,2,2 

_inst8 .int 3 
.int 32767;28000,26000 
.int 0, 6720, I 0640 
.int 3, 3, 3 

_ inst9 .int 3 
.int 32767,28000,26000 
.int 0, 6720, 10640 
.int 4, 4, 4 

_ inst IO .int 3 
.int 32767,28000,26000 
.int 0, 10640, 15600 
.int 0, 0, 0 

_instl 1 .int 3 
.int 32767,28000,26000 
.int O, 10640,15600 
.int 1, I, I 

_ instl2 .int 3 
.int 32767 ,28000,26000 
.int 0, 10640,15600 
.int 2, 2, 2 

_inst13 .int 3 
.int 32767 ,28000,26000 
.int 0, 10640,15600 
.int 3, 3, 3 

_inst14 .int 3 
.int 32767 ,28000,26000 
.int 0, 10640, 15600 
.int 4, 4, 4 
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instl5 .int3 
.int 32767,28000,26000 
.into, 6720, 13536 
.int 0, 0, 0 

instl6 .int 3 
.int 32767,28000,26000 
.int 0, 6720, 13536 
.int 1, l, l 

instl 7 .int 3 
.int 32767,28000,26000 
.int 0, 6720, 13536 
.int 2, 2, 2 

instl 8 .int 3 
.int 32767 ,28000,26000 
.int 0, 6720, 13536 
.int 3, 3, 3 

_instl 9 .int 3 
.int 32767 ,28000,26000 
.int 0, 6720, 13536 
.int 4, 4, 4 
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env.asm -- Beethoven envelope data 

.global _env 

.global _envl 

. global _env2 
.global _env3 
.global _env4 
.global _env5 
.global _env6 
.global _env7 
.global _env8 
. global _env9 
.global _envlO 
.global _envll 
. global _envl2 
. global _env13 
.global _env14 
.global _env15 
.global _envl6 
. global _envl 7 
.global _env18 
. global _env19 

.data 

;time is in 38.4 ms increments 
;about 26 ticks per second 

_envO 

_envl 

_env2 

_env3 

_env4 

_envS 

;envelopes 
;number of EP's 
;EP amp 
;EP pitch 
;EP times 

.int 4 

.int 0, 32000,32000, 

.int O, 0, 0, 0 

.int 0, 1, 3, 4 

.int 4 

.int 0, 32000,32000, 
.int 0, 0, 0, 0 
.int 0, 2, 6, 8 

.int 4 

.int 0, 32000,32000, 

.int 0, 0, 0, 0 

.int 0, 2, 14, 16 

.int 4 

.int 0, 32000,32000, 

.int 0, 0, 0, 0 

.int 0, 2, 30, 32 

.int 4 

. int 0' 32000,32000, 

.int 0, 0, 0, 0 
.int 0, 2, 62, 64 

.int 3 

.int 0, 32000, 0 

.int 0, 0' 0 

.int 0, 2, 4 

0 

0 

0 

0 

0 
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_env6 .int 3 
.int 0, 32000, 0 
.int 0, 0, 0 
.int 0, 2, 8 

env7 .int 3 
.int 0, 32000, 0 
.int 0, 0, 0 
.int 0, 2, 16 

envB .int 3
-

.int 0, 32000, 0 

.int 0' 0, 0 

.int 0' 2, 32 

_env9 .int 3 
.int 0' 32000, 0 
. int 0, 0, 0 
.int 0' 2, 64 

_envlO .int 3 
.int 0' 32000, 0 
.int 0' 0, 0 
.int 0' 2, 4 

envll .int 3
-

.int 0, 32000, 0 

.int 0, 0' 0 

.int 0, 4, 8 

_env12 .int 3 
.int 0, 32000, 0 
.int 0, 0' 0 
.int o, 8' 16 

_env13 .int 3 
.int 0, 32000, 0 
.int 0, 0' 0 
.int 0, 16, 32 

_env14 .int 3 
.int 0, 32000, 0 
.int 0, o, 0 
.int 0, 32, 64 

_env15 .int 3 
.int 0, 32000, 0 
.int 0, 0, 0 
.int 0, 2, 4 

_env16 .int 3 
.int 0, 32000, 0 

.int 0, o, 0 

.int 0, 4, 8 

_env17 .int 3 

.int 0' 32000, 0 

. int 0' 0, 0 

.int 0' 8, 16 

env18 .int 3
-

.int 0, 32000, 0 

.int 0, 0' 0 

.int 0, 16, 32 
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_envl9 .int 3 

.int o, 32000, 0 

.int 0, 0, 0 

.int 0, 32, 64 
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APPENDIX G. MEMORY MAP 

The following page contains the digital signal processor's 

memory map. 
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11 Jl.ttthony C3!lico •• JIID 131 1993 • 1

I* mem.cmd * I
-heap O
-stack 180
-c

-m memory.map
main.obj
sample.obj
vectors.obj
env.obj
inst.obj
voice.obj

-x

-i \dsptools
-1 rts25.lib
-1 flib25.lib

l\1EMORY /* page O is program memory, page 1 is data memory*/ 

{ 
PAGE O : VECS: origin= Oh, length= 020h /* vectors in mema * I

CODE: origin= 020h, length= lfeOh /* rest of mema 8k-20h * I
PAGE I : EXT_RAM: origin = 2700h length= J 900h /* external data memory *I

} 

AMP: origin = 4000h, length= 200h /* amp dual port ram lk */ 
PITCH: origin = 8000h, length = 200h /* pitch dual port ram I k * I
JNT_RAM: origin = 0200h, length= 600h /* on chip ram BO,Bl,B3 */ 

SECTIONS 
{ 

} 

vectors: 
.cinit 

.const 

.switch 

.text: 

.data 

.bss: 

.sysmem: 
amp: 
pitch: 

>VECS
>CODE
>CODE
>CODE
>CODE

PAGE=O 
PAGE=O 
PAGE=O 
PAGE=O 
PAGE=O 

>EXT_RAM PAGE=!
>INT RAM PAGE=!
>JNT_RAM PAGE=!
>AMP PAGE=! 
> PITCH PAGE= I 
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