Topicos :

1 Diagrama de blocos do processador;

1 Arquitectura;

1 Constituicdo do CPU; registos e mapa de
memoria;

1 Interrupcgoes;

1 Instruction set;

1 Programacdo em assembly e C;
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TMS 320C3x
Introducéo
- . (L))
Processamento Digital de Sinal 1 ::::
o000

A familia TMS320C3x

1 A familia TMS320C3x floating-point:
1 TMS320C30; TMS320C31; TMS320C32;

1 Foi projectada para aplicacdes em:
1 Audio;
1 Comunicacgéo de dados;
1 Automacéo industrial;
1 Controlo de sistemas;
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TMS320C30
Caracteristicas 1/2

1 Arquitectura Super Harvard,;
1 CMOS floating point DSP (32-bit);

1 Executa até 60 MFLOPS e 11 operacdes
numa instrucao;

1 XTAL=30 MHz;

1 Ciclo maquina 30 nS; ciclo instru¢ao 60 nS;
1 Portas série bidireccionais;

1 DMA on-chip, 2 TIMER e 2 portas série;
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TMS320C30 S
Caracteristicas 2/2 t

1 Capacidade de enderecamento de 16MB (24
bit) a palavras de dimenséao 32 bit;

1 Address BUS a 24 bit; Data BUS a 32 bit;
1 2 Blocos de RAM (1K, 32 bit);

1 1 Bloco de ROM (4K, 32 hit);

1 Cache 64x32;

1 External BUS;
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Elementos internos do CPU

1 BUS internos (CPU1/CPU2 e REG1/REG2);
1 32 bit barrel shifter;

1 Multiplicador inteiro e floating-point;

1 ALU;

1 Auxiliary register arithmetic units (ARAU);
1 Primary register file (28 registos);
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(X XJ
o000
i I 1fi o000
TMS 320C30 - Diagrama simplificado ocs
[ X ]
°
Cache RAM block 0 RAM block 1
64x32 1k x 32 1k x 32
24
A23-A0
R7-R0O ARO-AR7 ROM
Address BUS (40) (32) 4k x 32
Extended Auxiliary
precision registers
32 registers DMA
D31-D0 Controller
Data BUS
Serial Serial " :
port 0 port 1 Timer 0 Timer 1
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Multiplicador :

1 Funciona com virgula fixa e flutuante;
1 Inteiros a 24 bit e virgula flutuante a 32 bit;

1 Multiplicac&o de inteiros a 24 bit resulta num
inteiro a 32 bit;

1 Multiplicac&o de virgula flutuante a 32 bit
resulta em 40 bit;
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ALU S

1 Opera¢cBes num so ciclo sobre inteiros a 32
bit e virgula flutuante a 40 bit;

1 Resultados da ALU sédo guardados a 32 bit
(inteiros) e 40 bit (virgula flutuante);

1 Permite multiplicac6es e adigdes/subtracgoes
paralelas de quatro inteiros ou virgula
flutuante num so ciclo;

1 Paralelismo com o multiplicador;
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ARAU :

1 Duas auxiliary register arithmetic units
(ARAUO e ARAUL);

1 Geram dois endere¢os num ciclo;

1 Operam em paralelo com o multiplicador e a
ALU;

1 Suportam 4 tipos de enderecamento: com
deslocamentos; com index registers (IR0 e
IR1); circular; bit-reversed,;
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Registos

1 RO...R7: Acumuladores ou de uso geral
1 40 bits (internamente), 32 bits (externamente)
1 Float:
b39-b32: expoente; b31: sinal; b30-b0: fraccdo
1 Int:
b31-b0: valor binario
1 ARO...AR7: Para enderecamento ou
aritmética de inteiros (32 bits) pela ALU ou
multiplicador;

11/7/2002 Paulo Marques e Artur Ferreira Nov/2002 11

Registos

DP - 32 bit - Data Page Pointer
Os 8 LSBs sdo usados conp apontador para a pagi na
de 64K words de dados a aceder emend. directo.

IR0, IRL - 32 bit - Index Registers
Usados para cal cul ar um enderego i ndexado (Cap 6)

SP - 32 bit - Active Stack Pointer

Cont ém o enderego do topo do stack. Aponta senpre o
al'tino el emento pushed. Push faz pre-incremento de SP. Pop faz
pbs- decrenento. Usa apenas os 24 LSB.

ST - 32 bit - Status Register
Cont ém i nf or magcdo gl obal sobre o estado do CPU. Ilustram-se
os bits mais relevantes:
3--- 8 7 6 5 4 3 2 1 0
oM - - U N Z V C

RM — Repeat node flag (=1: o PC esta em bl ock repeat)
OVWM - Overflow node  (=1: inteiros saturam

UF - Floating-point underflow condition flag

N - Negative condition flag

Z — Zero condition flag

V — Overflow condition flag

C— Carry flag
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Interrupcdes

1 No C30 as interrupgdes sdo vectorizaveis e
level-triggered;

1 64 entradas de interrupcéo (4 externas);

1 As interrupgdes internas séo geradas por
Timer, Porta Série e DMA;

1 Condi¢des de atendimento:
1 O bit GIE do registo ST deve ser ZERO;

1 O interrupt deve estar enabled, colocando UM no
respectivo bit do IF;
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0000
0000
00
. [ X ]
Registos :
IE - 32 bit — CPUDMA Interrupt Enable Register
31---26---------- 16/ 10--------- 0
DVA: === CPU: ==
1-enable interrupt; O-disable interrupt;
IF - 32 bit — CPU Interrupt Flag Register
1-set interrupt; O-not set interrupt;
(activado quando ocorre uma interrupgdo; pode ser posicionado por
software para causar interupcao)
1 OF - 32 bit - 1/0 Flag Register
Control a as funcdes dos pinos XFO e XF1, configurando conp
input ou output;
RC - 32 bit - Repeat Counter Register
Especifica o nimero de vezes que se repete um bl oco de cédi go;
RS - 32 bit - Repeat Start-Address Register
Endereco inicial do bloco de cédigo;
RE - 32 bit - Repeat End-Address Register
Endereco final do bloco de cdédigo;
BK - 32 bit - Block Size Register
Di mensdo do bl oco de dados no enderecanento circular;
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Interrupcdes: tabela

A base da tabela esta no enderego 00h

Os enderegos dos vectores de interrupcéo: 00 a 3Fh

00h RESET
01h INTO, entrada externa
02h INT1, entrada externa
03h INT2, entrada externa
04h INT3, entrada externa
05h XINTO, transmisséo porta série 0
06h RINTO, recepgao porta série 0
07h XINT1, transmisséo porta série 1
08h RINT1, recepgao porta série 1
09h TINTO, timer O
O0Ah TINT1, timer 1
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EVM’30 - Mapa de Memoria
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7+ SPECI FY SYSTEM MEMORY NAP FOR TI ' C30 EWM */
MEMORY 0x0
{ Reset
VECT: org = 0x00000000 |en = 0x00000040 /* |NT& TRAP Vectors */ Int vectors
SRAM org = 0x00000040 | en = 0x00003fcO /* 64 Kword de SRAM * T "
RAMD: org = 0x00809800 |en = 0x00000400 /* 1024 Wrd block 0 */ rap vectors
RAML: org = 0x00809c00 | en = 0x00000400 /* 1024 Wérd block 1 */ 0x40 | —===----
) SRAM
16k x 32
Vectorsasm OX3FFF | - ____
sect " vecs T interrupt and reset vectors | Memory |
ref _c_int00 ; conpiler defined Cinitialization reset | mapped |
ref _c_int05 ; serial port transmit interrupt routine ! registers !
ref _c_int99 ; unexpected interrupt handler (just idles) 0x8098000‘ 77777777 !
reset: .word _c_int00 RAM 0
into vord  _c_int99
int1 vord  _c_int99 tkx sz
int2 word  _c_int99 0x809C00| ~———~—~-~
int3 vord  _c_int99 RAM 1
xi no wmg “elimos 1k x 32
rin word  _c_in
xintl .word _c_int99 OxBO9FFF | ————---~
rintl: .word _c_int99 | |
tinto: .word _c_int99 | |
tintl: .word _c_int99 I I
dint vord __c_int99




Programacao :

1 Utilizam-se as linguagens de programacéao
assembly e C;

1 E possivel a interligacdo de médulos nestas
duas linguagens;

1 Assembly especifico;
1 Exemplo: <instru¢do> src,dst
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Instrucdes de exemplo 1/3

1 Load/Store (src, dst)

1 LDI'10,RO

1 LDI @pos,R0
1 STIRO,*ARO++
1 LDP enderego
1 Aritméticas e Logicas

1 ADDI 1,RO

ADDF 0.3,R1

1
1 MPYI2,R2
1

MPYF 3,R4
1 AND Offfch,rl
1 XOR IE,IE

11/7/2002

1 Controlo de fluxo
DBcnd ARn,loop

CMPF G,R (dst-src)
CMPI G,R (dst-src)

BR endereco
BRD enderecgo
Bend endereco
CALL endereco
RETS cnd
RETS enderecgo
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Instrucdes de exemplo 2/3

1 Convers&o de tipos 1 Repeticéo blocos
FIXG,R2;  dst=int(src) LDI N-1,RC
FLOAT G,R; R=float(G) RPTB fim_bloco

RND G,R;  R=round(G)
fim_bloco:
ultima instrugéo

1 Repeticdo 1 instrucao
RPTS N-1
instrugéo a repetir
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Instrucdes de exemplo 3/3

1 Aritmética 3 operandos

ADDI3 src2,srcl,dst
ADDF3 src2,srcl,dst

MPYF3 src2,srcl,dst

1 Paralelo & 3 operandos
MPYF3 src2,srcl,dstl

|| STF src3,dst2

MPYF3 srcA,srcB,dstl
|| ADDF3 srcC,srcD,dst2

MPYF3 srcA,srcB,dstl
|| SUBF3 srcC,srcD,dst2
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dst=src2+srcl
(FP)dst=src2+srcl
(FP)dst=src2*srcl

dstl=srcl*src2
dstl=srcA*srcB

|| dst2=srcC+srcD

dstl=srcA*srcB
|| dst2=srcD-srcC
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Condition codes

---- Unsigned Compares ----

LO - Lower than LS- Lower or Same
HI - Higher than HS- Higher or Same
EQ - Equal NE - Not Equal

--- Signed Compares ---

LT -LessThan LE - Lessthan or Equal
GT - Greater Than EQ-Equal To

NE - Not Equal

--- Compareto Zero ---

Z -Zero NZ - Not Zero

P - Positive N - Negative

NN - Non Negative

--- Compareto Condition Flags ---

NN - Non Negative N - Negative
NZ - Not Zero Z -Zero

NV - Not Overflow V - Overflow
NUF- No underflow FP UF —Underflow FP

NC - Nocarry C -Carry
ZUF- Zeroor FP underflow
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Exemplo:
wait_transmit_O:
xor IF,IF
wloop:
tstb  10h,IF
bz  wloop
rets

Tipos de enderecamento

1 Directo: @exp 1 Indirecto: *ARnN
Se DP=81h *+ARnN(disp)
ADDI @0Obcdeh,r7 *-ARnN(disp)
r7=r7+(81bcdeh) *++ARN(disp)
*ARn++(disp)
*+ARN(IRN)

*ARN++(IRN)
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Enderecamento circular

Registo BK-Block sizeregister

31

N+1

O buffer circular tem que es H.H

0.0 | Elemento0

comegar num “k bit boundary”

Osk LSB do enderegoinicial sdo 0

Ex: BK=6

ARO0=0

*ARO++(5)% ;AR0=5 —
*ARO++(2)% ,ARO::L 31 H”.HNﬂsts = }—’ imo elem

*ARO--% ;ARO=0
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Enderecamento circular:
convolucéo

LDI N,BK
LDI COEFSARO
LDI TAPSAR1

NovAmostra:
LDF IN_FIR,R3
LDF O,RO
LDF 0,R2

Filtro:
RPTSN-1

MPYF *ARO++%,* AR1++%,R0

|| ADDF3 RO,R2,R2

ADDF RO,R2
STF R2,0UT_FIR
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Multiply and
acumulate




Assembler: directivas de
seccoes

simbolo

.bss

.usect

.data

text

.sect

11/7/2002

.bss simbolo, nwords

.usect  “nome secgédo”, nwords
.data

Jtext

.sect “nome secgao”

espago para varidveis ndo inicializadas.
reserva espago para varidveis na seccéo referidamas ndoinicializada

indica ao assemblador para comegar a codificar nazona de dados.
Serve usual mente para tabelas, varidveisiniciadas, etc.

instrugdo para comegar a codificar nazona detexto (codigo).

indica para comegar a codificar na seccéo escolhida
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Assembler: outras directivas

Directivas deinicializacdo de meméria
word  valorl, valor2, ...
float valorl, valor2, ...

simbolo .set valor
.space  nwords

.word  coloca valores em posi¢des de memoria consecutivas
float  coloca floats em posi¢des de meméria consecutivas
.set atribui o valor ao simbolo

.space  reserva espaco paranwords einicia-0 com zeros

Outrasdirectivas
.global  simbolol, simbolo2
.end

.global  torna o simbolo visivel amédulos no exterior

.end termina o assembler
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Exemplo: echo.asm 1/2

main:

loop:

11/7/2002

.global main,wait_int,receive0
.global sysinit,p0_addr stack_addr,PARMS

text ; begin of code

Idi  @stack_addr, 9p ; load theaddressinto stack pointer

call sysinit ; initializethe Timer, Serial Port, AIC
ldp VARS ; set DP to our data

Idi @rx_ready,r0 ; RO= @rx_ready

bz loop ; while R0==0 goto loop

Idi @rx_data,r0

sti r0,@tx_data ; @tx_data = @rx_data

Idi 0,r0

sti r0,@rx_ready
br loop

; @rx_ready=0
; goto looy
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Exemplo: echo.asm 2/2

. Idp VARS
rece;]/eé). sti r0,@rx_data ; rx_data=input
EE ol afo Idi 1,r0
push r0 sti r0,@rx_ready ; rx_ready=1
pushrl pop ri
Idp VARS ggg ;?0
Idi @tx_data,rl pop dp
and Offfch,ri ; 21shs=0 reti
Idp PARMS
Idi @p0_addr,ar0 ; get port address data
Idi *+ar0(12),r0 ; read input -
sti r1*+arQ(8) ; envia output VARS:
’ ’ rx_data .word 0
tx_data .word O
rx_ready.word O
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LA : Reset do AIC
I ni Cl a('; aO d 0 S | Stem a Analog Interface Controller
sysinit: aicreset:
xor ieie ;disableall interrupts Gt
g ! ;initialize port O global control
xor  if,if ;clear all interrupts Idi  2jiof ;xfO to output, set xfOto 0 Idi @popglobalgrl
Idp PARMS ;load data page pointer to parameters ;get address of timer control register & ri*ar0 ’
Idi CACHE,st ;load the statusregister Idi  @tO_ctladdr,arO ’
Idi  WAITO,r0 ;get i/o ready setup Idi  1r1 ;telkO will equal h1/2 -set transmit data to 0
Idi  @mentlrO,ar0 ;get memcntl register address sti - rl*+ar0(8) ;settheperiod register tol ;<0r rirl
i rO*ar0 ;set parallel ready Idi  @tO_ctlinit,r1 ;get timer O setup value i r1;+ar0(8)
Idi  WAIT1,r0 ;get i/o ready i ri*ar0 ;set timer O'to pulse mode ’
Idi  @mcntlrl,ar0 ;get memcntl reg address -wait for 50 timer out clocks
sti rO*ar0 ;set i/oready Idi  @pO0_addr,ar0 ;get address of serial port 0 ;'pts 99
call aicreset ;routinetoreset the AIC Idi  111h,r1 nop
call aicinit ;routine to set up the AIC sti rlr+ar0(2) ; settransmit port control
or  ENBL_INTO,ie ;enableinterrupt 0 sti - rlx+ar0(3) ; setreceiveport control ‘set xfO'to 1, Ireset AIC
or ENBL_GIE,st ;enable global interrupt Idi  6,iof
rets rets
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Iniciacdo do AIC Exemplo: echo.cmd

aicinit:

. . i * 4 /* OBJECT FILESTO BE LINKED INTO THE EXECUTABLE MODULE */
call wait_transmit_O l(gi'” . tartO(lz),r% 0 echoob]
Idi 3r1 il walt_transmit_ sysinitobj
. . * Idi 3,|'1 /* OPTIONSTO BE INCLUDED IN THE LINKING PROCESS*/
sti fl, +arO(8) sti r1*+arQ(8 -emain /* PRIMARY ENTRY POINT FOR THE OUTPUT MODULE */
call wait transmit 0 ' (8) . -oechoout /* NAMESTHE EXECUTABLE OUTPUT MODULE ~ */
- counter Ksetup value call wait_transmit_0 -m echo.map
[ - control regiSer wup value /* SPECIFY THE SYSTEM MEMORY MAP*/
Idi  1a34hr1 - MEMORY
Idi  2a7h,rl {

sti r1,*+ar0(8) INT_V : origin = 0x000000, length = 0x40

I *+ar0(12)r1 sti - ri*+ar0(8) SRAM " origin = 0x000040, length = 0x3FCO
. T Idi  *+ar0(12),r1 RAMO : origin = 0x809800, length = 0x400
call wait_transmit_0 RAML : origin = 0x809C00, length = 0x400
Idi 3r1 i . }
) ;clear out all interrupt flags /* SPECIFY THE SECTIONSALLOCATION INTO MEMORY */
sti r1,*+arQ(8) o SECTIONS
; . xor if,if
call wait_transmit_0 : ; {
X ;enable serial port O vectors {} > INT_V
; counter B setup value . comdata: {} > SRAM
Idi 4892hr1 or  @enbl_sp0_r,ie text : {} > SRAM
X ! data : {} > SRAM
sti - r1,*+ar0(8) rets bes ({))> RAMO

stack : {} > RAM1
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Echo.c (poling) 2/3

void init_aic(void)

{

volatile int i;

/* AIC COMMAND WORD ZERO *
aic_command_0.command =0;
aic_command_O.ra  =13;

/* ADJUST SAMPLING RATE TO8kHz */
/* AND 3.6 kHz ANTIALIAS FILTER *
aic_command_0.ta =13;

/* DEFAULT AIC COMMAND WORD 1 */
aic_command_l.command =1;
aic_command_1.ra_prime =1;
aic_command_1l.ta_prime =1;
aic_command_1.d_f =0;

/* DEFAULT AIC COMMAND WORD 2 */
aic_command_2.command =2;

/* DEFAULT AIC COMMAND WORD 3 */
aic_command_3.command =3;

/* ON INPUT HIGHPASS FILTER  */
aic_command_3.highpass = ON;

/* DISABLE AIC LOOPBACK *
aic_command_3.loopback = OFF;

/* DISABLE AUX INPUT *
aic_command_3.aux =OFF;

/* ENABLE SYNC. A/D AND D/A ¥/
aic_command_3.sync =ON;

/* SET FOR 1.5 v p-p INPUT *
aic_command_3.gain  =LINE_V;

aic_command_2.rb =36; /* SIN x/x CORRECTION FILTER */
aic_command_2.th =36; aic_command_3.sinx =ON;
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Echo.c (poling) 1/3 :

void main(void) while (1) {

int inval, outval; WAIT_XRDY:;

float tmp, gain = 1.0/20; -

/* global interrupts disable */ f _

' inval = SERIAL_PORT_ADDR(

GI_DISABLE; i SERIAL_PORT _ZEROJ->r_data;

[* clear interrupts pending */

CL_INT_PEND; tmp = (inval << 16 >> 18) * gain;

=(( < 2:

/* 0 wait states on primary bus */ outval = (int) tmp) << 2;

/* 0 wait states on expansion bus */ SERIAL_PORT_ADDR(SERIAL_PO

BUS_ADDR->prim_gcontrol = WS_0; RT_ZERO)->x_data = outval; ~

BUS_ADDR->exp_gcontrol = WS_Q0; }

CACHE_ON; /* cache on */

/* set up Timer 0, Serial Port O, */

/* start AIC and set its parameters */

init_aic();
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Echo.c (poling) 3/3

[* CONFIGURE TIMER 0 TO ACT AS AIC MCLK

*

TIMER_ADDR(TIMER_ZERO)->period = 1;

TIMER_ADDR(TIMER_ZERO)->gcontrol = FUNC | HLD_ | GO | CLKSRC;

RESET_AIC;

for(i=0;i<50; i++); /*KEEP RESET LOW FOR SOME PERIOD OF TIME */

[* CONFIGURE SERIAL PORT 0

SERIAL_PORT_ADDR(SERIAL_PORT_ZERO)>gcontrol = 0;

SERIAL_PORT_ADDR(SERIAL_PORT_ZERO)>s_x_control = CLKXFUNC | DXFUNC | FSXFUNC;

SERIAL_PORT_ADDR(SERIAL_PORT_ZERO)>s_r_control = CLKXFUNC | DXFUNC | FSXFUNC;

SERIAL_PORT_ADDR(SERIAL_PORT_ZERO)>gcontrol = XVAREN | RVAREN | FSXP | FSRP |
XLEN_16 | RLEN_16 | XINT | RINT |

RRESET | XRESET;
I* clear serial transmit data without pooling ~ */

SERIAL_PORT_ADDR(SERIAL_PORT_ZERO)>x_data = 0;

UN_RESET_AIC;

WRITE_COMMAND(*((int *) &aic_command_0));
WRITE_COMMAND(*((int *) &aic_command_3));
}
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Echo.c (interrupcao) 1/2

void main(void)

{
GI_DISABLE;
CL_INT_PEND;
SET_VECTOR(0, c_int00);
SET_VECTOR(5, AIC_InitInterrupt);
init_aic();

/* global interruptsdisable

/* clear interrupts pending

/* reset handler

/* handler to AIC initialization

/* Set up Timer O, initialize Serial Port O

/* start AIC and set its parameters

XINTO_ENABLE;

GI_ENABLE;
while (1) {

/* Process*/
}

}
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*/

*/
*/
*/
*/
*/




Echo.c (interrupcao) 2/2

#pragma INTERRUPT (AIC_InitI nterrupt);
void AIC_Initl nterrupt(void)

AIC_sample= (int)SERIAL_PORT_ADDR(SERIAL_PORT_ZERO)->r_data << 16 >> 18;
SERIAL_PORT_ADDR(SERIAL_PORT_ZERO)->x_data= AlC_init_seq[AlC_init_cnt++];
if (AIC_init_cnt == AIC_init_len)
SET_VECTOR(5, TxRxI nterrupt); /* change vector */
}

#pragma |NTERRUPT (TxRXxI nterrupt);
void TXRxI nterrupt(void)

AlC_sample= (int)SERIAL_PORT_ADDR(SERIAL_PORT_ZERO)->r_data<< 16 >> 18
/* process sample */
SERIAL_PORT_ADDR(SERIAL_PORT_ZERO)->x_data = AIC_sample<< 2;

}
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Codificacao simultaneaem C e
assembly

1 Retorno de valores em RO;

1 Variaveis a aceder em C sdo declaradas .global em
assembly. Em C s&o extern;

1 Todos os identificadores a aceder em C tém
o prefixo _;

1 DP aponta a seccao .bss
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Ambiente de desenvolvimento:
Code Composer
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Links

1 Texas Instruments:

1 Texas Instruments DSP Developers' Village:

1 Manuais do processador, assemblador,
compilador e programas exemplo (eco):
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