C6. Aplicatii C2x

Exemple

*Adresarea Bit-reversed
*instructiunea MAC
*Implementare FIR

*Generare Sinus (oscilator digital)
*Tabele



Moduri de adresare C2x — Recapitulare

1. Modul de adresare direct:
Urmatoarea secventa permite adunarea la acumulator a continutului adresei 695h
(AC)=(AC)+(0695h)
0695h = 0000 0110 1|001 0101b
DP=13 dma=21

LDPK 13 . DP=13=0dh
ADD 21 ; (AC)=(AC)+(21)
ADD 21,3 ' (AC)=(AC)+(21)*8

2. Modul de adresare indirect:

LARP 3 ARP=3
LRLKAR3,695h ;AR3=0695h
ADD *, 3 .(AC)=(AC)+(695h)*8

{*|*+|*=|*0+|[*0—-|*BR0O+ | *BRO —} ;BRO - propagarea inversata a bitului de Carry

3. Modul de adresare imediata
ADLK 163,2 ; (AC)=(AC)+163*4 5
; ADLK - adauga la acumulator valoarea imediata 16b cu deplasare



Problema 1:

Blocul BO contine:
200h 201h 202h 203h 204h 205h 206h 207h
10h 20h  40h 80h 100h 200h 400h 800h

Care este continutul blocului B2 (60h-67h) dupa secventa urmatoare de
program?

CNFP

LARP 1

LRLK AR1,60h
LRLK ARO,4

RPTK 7

BLKP FFOOh,*BRO+



Program
0(0000h)
Interrupts
and Reserved
31 (001Fh) | (Bxema)
32(0020h)
External
65,535 (0FFFFh )
I MPIMC = 1

{Microprocessor Mode)

(a) Memory Maps After a CNFD Instruction

Program
0 (0000 ) ntermupts
and Reserved
(On-Chip
31(001Fh ) | ROM/EFROM)
32(0020h )
On-Chip
4015 (0FAFh) EPROMROM
4016 {OFBO0h)
_ ) Reserved
4095 (OFFFh )
4096 {1000h )
External
5,535 (0FFFFh)
IfMPIMC =0
(Microcomputer Mode
on TM3320C25)
10h FFOOh
20h FFO1h
40h FFO2h
80h FFO3h
100h FFO4h
200h FFO5h
400h FFO6h

Data
0(0000R)
On-Chip
Memory-Mapped
5 (0005h ) Registers
6 (0006h )
Reserved
95 (005Fh)
96 (0060h) ]
On-Chip
Block B2
127 (007Fh) .
128 (0080 )
Reserved Pages 1-3
F414 /04EFER Y
512 (0200h ) On-Chip
Block BO
767 (02FFh)
On-Chip o
Block B1 ages 6-7
1023 (03FFh)
1024 (0400h)
External Pages 8511
65535 (OFFFFh )
b) Memory Maps After a CNFP Instruction
Program Program
0(0000h ) 0(0000h ) Interupts 0{0000h )
Interrupts and Reserved
and Reserved {On-Chip
31 (001Fh ) {External) 31(001Fh) | ROM/EPROM) 5 (0005h )
32 (0020h ) 32 (0020h) 6 (DD0Gh )
On-Chip
£ 95 (005Fh
4016 (OFBCh )
4005 (OFFFh ) Resenved 127 (007Fh )
4096 (1000h) 128 (00&0h )
511 (01FFh )
512 (0200h )
External External ?ET(DZFFh :
............................. 768 (0300h )
65, e — e E&ZTQ:DFEFFh _____ 1023 (03FFh )
f5 280 (0FFO0ON ) &) f5,280 {0FFO0ON ) 1024 (0400h )
on-Chip On-Chip
Block BO Block BO
65,533(0FFFFh ) 65,535 {0FFFFh ) 65,535 (0FFFFh )
If MP/MC = 1 IfMPIMC =0

(Microprocessor Mode)

(Microcomputer Mode
on TMS320C25)

Data

On-Chip
Memory-Mapped
Registers

Reserved

On-Chip
Block B2

Reserved

Boes Not
Euxist

On-Chip
Block B1

External

Page 0

Pages 1-3

Pages 4-5

Pages 67

Pages 8-511



Rezolvare:

Blocul BO (200h-2FFh) contine:
200h 201h 202h 203h 204h 205h 206h 207h
10h 20h 40h 80h 100h 200h 400h 800h

Care este continutul blocului B2 (60h-67h) dupa secventa urmatoare de
program?

CNFP ;conf Bloc BO mem program (FFOOh-FFFFh)
LARP 1 ; ARP=1

LRLK AR1,60h ; AR1=60h

LRLK ARO,4 ;ARO=4

RPTK 7 ;repeta urm instr de 8 ori

BLKP FFOOh,*BRO+

Adresarea bit-reversed

0 (000) => 0 (000)
1 (001) => 4 (100)
2 (010) => 2 (010)
3 (011) => 6 (110)
4 (100) => 1 (001)
5 (101) => 5 (101)
6 (110) => 3 (011)
7 (111) => 7 (111)
5

5




Central ALU (CALU)

TMS320C25

B £
‘L TREGD {16bit)
Program Multiplier Data
Tfﬁm I;]lg Memory
i rm— {16-bit)
Instructions PREG (32-bit)
Coefficients Operands
I
oS
ACCH (16-bit) | ACCL (16-bit)
S
0
E
-
8 Shifter
=1
N / data bus




Problema 2:

Multiply with

Accumulate (MAC)

Data Memory (B1) Program Data (B0)

> 300h { X0
30th [__ X1

302h | _ X2

}":(Xi' a)

lal
RPTK N APAC
MAC FF00,"+ LT'+

» PFFODh
" FFOTh

-

FFO2h
Data '
Bus e _
“ Program Bus
-i Initialization
32 {1, Data pointer
» MAC ACC 2. Program space

MPY (PC)

3. Math registefs



Problema 3:

Implementare FIR pe DSP conventional

» TMS320C2x (1986)

ZAC || LTD; .
LTD || MPY; .
RPTK N-1

APAC || MPY;

APAC;

; 432
Arithmetic Logic Unit (AL

Exécution en N cycles



RPTK

MACD

Data

Memory
Operands

Repeat Buffer in ‘C25

n-1

X, 1:C

) Address Bus

n-1

o

repeat the following

; instruction n times
; perform MAC with
; delay line update

)

Data Bus

CPU

Address Bus

Data Bus

Instruction stored into repeat buffer

M

Program Memory (RFTHXMACD/

Data Memory X

\V4

f;

Instruction Cycle

n-1

=

Cot >{ Cnz ) ™

..'-. 1’1 -2 >

Program

Memory
Instructions
Coefficients

{ C; /
(X )




TMS320C25 Sum of Products Example

X,

E—'l E—'l E_1 ________ E—'I
(50 Taps)
h. ________
M
?n = E bh :"{[n-h]
k=0
TMS320C10 TMS320C25
LT T 17D —_ |RPTK 49
DMOV MPY 1 MACD
APAC LTD
MPY £3 Cycles
LTD 3 Words of Program
Memory
Mpy,” 100 Cycles

100 Words of Program Memory

LT
DMOV
AFAC
MPY




FIR Filtering: A Motivating Problem

N-1
Transfer Function H(z) = Z_EJ z*
F=0

N-1
Difference Equation y[n]= Z D.x[n—k]
k=0

x(n)

Elock Diagram L
J—-

ﬂr

D

x(n-1)

D

x(n-2)

i

k>=0;

hi.EJE hz
&

y = 0;x[0]=xin;
High-Level Language Description  for(k=N-1;
y += x[k]l*b[k];

x[k]l=x[k-1];

-+

k=-) |

|

D

x(n-(N-1))

bH-i‘S:\
y(n)
b



Problema 4:

Metode/Algoritmi pentru generarea semnalelor

Algorithm | Speed Quahty Accuracy | Stability Orthogonalnty Mem_ory Modula_t|_on
at low freq. of sin/cos pair | requirements capability
Polynoms Slow Excellent Good Excellent | Excellent Medium Excellent
Lookup Medium | Excellent Fair Excellent | Good Huge Good
Complex Fast Limited Good Poor Good Low Limited
Oscillator
2nd_ Elrelss Fastest | Poor Good Excellent | Good Low Difficult
oscillator
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;Program generare sinus pentru placa SIDERAL
fc  equ 20000
fe  equ 40;
PERD equ fc/(4*fe)-1
COS EQU 60h , COS 9°
yN equ 70h ;
yN 1 EQU 71H ;
yN 2 EQU 72H ;

begin |dpk O ;DP=0
lalk PRD :ACCL=PERD
sacl 3 ‘PRD=ACCL
lack 8 :ACCL=00...1000B
or 4 'ACCL=ACCL or IMR
sacl 4 'IMR=ACCL
b start

ORG 24 ;TINT
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start spm 1

loc

rovm
SSXM
lalk 7e6dh
sacl COS
lalk 1350h
sacl yN 1
zac
sacl yN 2
eint
b loc

end

; PM=01, ACC=2*P

; normal OVM

, Signh extention

; ACCL=co0s 9° In Q15
; COS=ACCL

* ACCL=sin 9°

; YN_1=ACCL

; ACC=0

;YN _2=0

, wait interrupt
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aorg 24,

it COS , TOreg =cos 9°in Q15
mpy VYN 1 ;Preg=cos9®*y(n-1)in Q30
pac ,ACC =2*c0s 9° *y(n-1) in Q30

sub yN 2,15; ACC = 2*cos 9°* y(n-1) - y(n-2) in Q30
dmov yN_1 ;y(n-2)=y(n-1)
sach yN_1,1 ;y(n-1) =newyin Q15

RPTK 7

Str ,ACCH=ACCH/256
adlk 127,15 ,scaling

SACH VYN ,ACCH=yN

nop

out YyN,PAO ;output new value ofy
nop

eint
ret

15



5. Completati tabelul de mai jos si comentati executia unde este cazul.
Starea initiala la executia secventei este (flagul CNF=0, BO —Memoria Date):

Adresa

300h

301h

302h

303h

304h

305h

306h

307h

Continut

100h

200h

400h

800h

700h

500h

300h

100h

ACCL

DP

ARP

ARO

ARG6

AR7 | 77h

72h

CNF

OBS.

LARP 7

LRLK AR6,70h

LRLK AR7,200h

RPTK 7

BLKD 300h,*+

CNFP

LRLK ARO,4

LARP 6

RPTK 7

BLKP FFOOh,*BRO+

LDPK 0

LAC 76h

SUB 72h,1

# - Comentaril, detalii
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BLKD — muta bloc din mem de date in mem de date: Bl 2> BO(d)
(300h-3FFh  ->  200h-2FFh)
Adresa B1 300h | 301h | 302h | 303h | 304h | 305h | 306h | 307h
Adresa B0O(d) 200h | 201h | 202h | 203h | 204h | 205h | 206h | 207h
Continut 100h | 200h | 400h [ 800h | 700h | 500h | 300h | 100h
CNFP — BO mem program: BO(p)
(FFOOh-FFFFH)
Adresa BO(p) FFOOh | FFO1h | FFO2h | FFO3h | FFO4h | FFO5h | FFO6h | FFO7h
Continut 100h 200h 400h 800h 700h 500h 300h 100h
BLKP — muta bloc din mem program in mem date:  BO(p) 2> B2
FFOOh-FFFFH -  60h-7Fh
Adresa BO(p) FFOOh FFO1lh FFO2h FFO3h FFO04h FFO5h FFO6h FFO7h
Adresa B2 70h 74h 72h 76h 71h 75h 73h 77h
Continut 100h | 200h |C400n )|C8oon )| 7o0h | S00h | 300h | 100h
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Raspuns

ACCL

DP

ARP

ARO

ARG

AR7?7

77h

72h

CNF

OBS.

LARP 7

LRLK AR6,70h

70h

LRLK AR7,200h

200h

RPTK 7

BLKD 300h,*+

CNFP

LRLK ARO,4

LARP 6

RPTK 7

BLKP FFOOh,*BRO+

LDPK 0

LAC 76h

800h

SUB 72h,1

18




6. Sa se completeze tabelul urmator:

ACC |DP |ARP|T |P AR1 [AR2 |PM 100h  [200h  [201h |284h
Valori initiale 10h 1 10h 2 4 100h
1 |[LDPK5
2 |LRLK AR, 200h
3 |LRLKAR2, 100h
4 |LARP1
5 |ZAC
6 |ADDA4,?2
7 |LT *+
8 [MPYA*, 2
9 [XORK 80h
10 |SUB*, 1,1
8. MPYA — inmulteste si acumuleaza produsul precedent deplasat conform bitilor PM
MPYA *,2 ; (P) = (T) x (AR1), deplasat stanga cu 1 bit (PM=1)
; ARP=2
; (ACC) = (ACC) + (P)anterior
9. 0000 0100 0010 0000 b
0000 0000 1000 0000 b
0000 0100 1010 0000 b - 4A0h 19




Raspuns

DP |ARP P AR1 AR2 |PM 100h |200h |201h |284h
ACC
Valori initiale 10h 1 10h 2 4 100h
1 |[LDPK5 5
2 |LRLK AR1, 200h 200h
3 |LRLK ARZ2, 100h 100h
4 |LARP1 1
5 |ZAC 0
6 |ADDA4,?2 400h
7 |LT*+ 201h
8 |MPYA*, 2 420h 2 8
9 |[XORK 80h 4A0h
10 [SUB *, 1,1 480h 1
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