EXEMPLOS RTL

Exemplo: Montar um quadro de instru¢cdes para calcular as expressdes a seguir.

A=A-1,B=B+2e C=C-1, faca as operacdes enquanto A #0. Cond.: ABeC=>0

CLR_ A CLR_B CLR_C CLR_D
Lo A—| A Lo E ] B o T o ] D
CLK— CLK | CLK ] LK |

z;ﬂ(E

Z & impar

Obs.: A varidvelz=1sempre que A=0,x=1ey=0

Pede-se:

a) Representacdo esquemdtica do sistema digital completo.
b) Projeto da unidade de controle.

c) Quadro de instrucoes

d) Circuito final

e) Formas de ondas.

a) Representagdo esquemadtica do sistema digital.

Reset

u.c. PC’'s F.X.

b) Projeto da U.C.

@O

A=A +1 B=B+1 B=B +1 C=C-1 FIM
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c) Quadro de instrugoes.

item | instrugdo | LDA LDB | LDC | LDD | CLRA | CLRB | CLRC | CLRD | S1 [ SO [ S2 | S | PC'S
1 A=A-1 1 0 0 0 0 0 0 0 oOo|0]| 1|0 0
2 B=B+1 0 1 0 0 0 0 0 0 O|1]01]0 1
3 C=C-1 0 0 1 0 0 0 0 0 110|010 1
4 FIM 0 0 0 0 0 0 0 0 0O|0]|]0]O 2
d) Implementagdo da F.S.M.
Q|Q: | Q| Q| Q| Qo|PC
ojo|O0|O0O0]|O 1110
(O] 1 0 1 0|1
0 1 0| o0 1 1 1
0 1 1 1 O| 0| 2
1 0| O 1 O| 0|3
d) Circuito final
D2=Qe®Q1eD:1=Q:1® Qoe Do=Q2Qo.
e) Formas de ondas.
Exemplo: Realizar Y = A + 2*B — BUS-EXT.
ULA2  ULA; ULAo | Operagdo
A B C 0 0 0 Passa A
Yoy
- ] MllJX 2 0 0 1 AAB
; 0 1 0 | AvB
0 1 1 A’
LD1_in v LDZ_in v LD3_in v 1 0 0 A+B
REG. A REG.B REG.C 1 0 1 A-B
LD1_out LDZ_out LD3_out
’ ’ ’ 1 1 0 A+1
+ BUS-INT ' ' ! ! 1 [A-1
BUS-EXT

LLR, REG.

QE

Saida
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a)Representagdo esquematica do sistema digital.

Ee

zet

u.c

b) Projeto da U.C.

Reset

e am,

1

B

¢ MEM

JLILIL

FX

salDa

Reg <— MEM_BUS

Reg «—|A - Reg

Saida «<—Reg Reg<- Reg+ B Reg<- Reg+ B

¢) Quadro de instrugdes

item Instrugdo S1.0 | In_RT | In_R2 | In_R3 | Out_R1 | Out_ R2 | Out R3 | IE | ULASEL20 | LD_reg | CLRN | OE | PC’s
1 LEIA A 00 1 0 0 0 0 0 0 XXX 0 0 0 0
2 LEIA B o | o 1 0 0 0 0 0] xxx 0 1 0| 1
3 LEIA C 0] 0 0 1 0 0 0 0] xxx 0 1 0] 2
4 Mem_bus — Reg | XX 0 0 0 0 0 0 1 000 1 1 0 3
5 | RegeA-Reg | XX | © 0 0 1 0 0 0 101 1 1 0| 4
6 Reg < Reg +B XX 0 0 0 0 1 0 0 100 1 1 0 5
7 Reg <« Reg +B XX 0 0 0 0 1 0 0 100 1 1 0 5
8 Saida « Reg XX 0 0 0 0 0 0 0 XXX 0 1 1 6

d) Implementagdo da F.S.M.

S0 =000, S1=001,352=010,S3=011, S4=100,S5=101,56 =110
PCO = 001000000XXX000; PC1 = 010100000XXX010; PC2 = 100010000XXX010; PC3 = XX0000001000110;

PC4 = XX0001000101110; PC5 = XX0000100100110; PC6 = XXO000000XXX011.
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e) Tabela de estados completa entrada e saida com endereco e conteGdo da ROM.

A2 | A1 | Ao | Bi7 | Bis | Bis | Bia | Bis B12 B B1o Be Bs Bz B¢ Bs Bs B3 B2 B1 Bo Az2.0 B17.0
Q| Q@ | Q| Q| Q| Q| $ So | In_R1 In_R2 In_R3 | Out_R1 Out R2 | Out R3 | IE | ULA2 | ULA; | ULAo | LD | CLRN | OE | Ender. | Conteldo
0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 X X X 0 0 0 0 09000
0 0 1 0 1 0 0 1 0 1 0 0 0 0 0 X X X 0 1 0 1 12802
0 1 0 0 1 1 1 0 0 0 1 0 0 0 0 X X X 0 1 0 2 1C402
0 1 1 1 0 0 X X 0 0 0 0 0 0 1 0 0 0 1 1 0 3 20046
1 0 0 1 0 1 X X 0 0 0 1 0 0 0 1 0 1 1 1 0 4 2842E
1 0 1 1 1 0 X X 0 0 0 0 1 0 0 1 0 0 1 1 0 5 30126
1 1 0 1 1 1 X X 0 0 0 0 1 0 0 1 0 0 1 1 0 6 38126
1 1 1 0 0 0 X X 0 0 0 0 0 0 0 0 0 0 0 1 1 7 00003
f) Formas de ondas U.C. com geragdo das saidas PC's.
CLK [ | I | I | I | I L I M
CLRM | ]
Q2.0 1] by 1 by 2 by K] by 4 by 4] by [ )i
B17..0 03000 W O12802 Y TC442 W PO208 W 28028 W SO2E W 00003 %

b) Simulagdo com A = 50, MEM_BUS = 20, B = 30.

CLK IS s Sy S O o U Oy Oy S
CLRN

2.0 O % 1 % 2 ¥ 3 % 4 ¥ & ¥ E ¥ 7 ¥ 0
BUS_OUTRUT? yord W E Y 1 Y
MUX_OUTPUT? I Y20 60 Y 30 Y
OUTPUT_REG? I Y20 Y a0 % B0

Saida7. 0 yrd SO

A

B

C

MEM_BLS

B17.0 9000 Y 12602 Y 1402 Y 20046 ¥ 2022E ¥ 0126 % 30126 % 0003 ¥ 09000
ULASEL I O i Y
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g) Circuito U.C. e saidas

CLRN

 —

> o

— @

i S_—"=1z
e

inst7.

DEC38

inst6.
[OR4

) —
inst8
ORa
) L —
inst1l
OUTET [ 814
OGP — 613
T — 612
IR 11
QUTPUT B10
ORZ >
) - —
inst28
) IQUTPUT > B8
QUTPUT B7
TSTZ6  —
QUTPUT > B6
oR3
) T
) e ]
instl2 [OUTPUT — &4
lOR4. IQUTPUT > B3
) — —
inst

T e T
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7. Parte final:

1. Sugestoes do aluno:
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