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Cascateamento de Somadores BCD:

-0digo BCD para numeros de 3 digitos

Cl Somador BCD:
- 74HCT583 (4 bits)

. .
MSD LSD 3
A | Ao | Ag | Ag Ar | As | As | Ag Az | Az | Ay | Ag
B EER
CARRY | st | CARRY| : CARRY CARRY IN
Somador : Somador Somador
= BCR i - wBCP. T it BED =
211 21029 2g 7 2 25 24 23 2y 24 2y
Bi1 | Bio | Bg | Bg B, | Be | Bs | By By | Bo | By | B
= J

Codigo BCD para numeros de 3 digitos

FIGURA 6.15 Conexao de somadores em cascata para somar dois niimeros decimais de trés digitos.

Prof. Fernando Passold
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Estrutura Interna [P e
Somador BCD: Lel Cx Z{_ZQZJZZ,

Somqa dob / Somadot
Ce

9 S453%%

Note: enquanto o resultado de uma soma
nao ultrapassa o namero 9, o somador

BCD atua exatamente igual a um
somador binario.

O que acontece entao quando o
resultado ¢ >=107?

Detecta casos de resultados > 9

1 652 553,
) = Cgt 24 (2_2 + Z~2-§1> —— x4 x
g = C‘("'jj (52'*2—1)

Prof. Fernando Passold Circuitos Digitais | 4



LAV BC’
Estrutura Interna ety e jm do BED
Somador BCD: >C8A D¢

Exemplo:

I*;Q Sonaoke) Bindkm c lo
S 8 (1) 1

6 0100 = '
+ 7 + 0111 lo-Somador Binario L—\Z—S 2, 3,5,

13 1011 14 po
+ 0110
1 0011

—

Para DEC/Display

7-Segmentos

20-Somador Binario

Ve G +252,+ 23,3,

V= Cqi Z, (30 §§Z.§;>

7: C‘7+2—_§[§2+2—1) \{ ¢ o |F

) ’
L S, & 71 e Sad pop

N
-~
J
)
~

4
Prof. Fernando Passold Circuitos Digitais | )



Recordando:
Subtracao (C,) usando Cls Somadores binarios:

Nestecaso: 2 =A—-B

A Ay A A A partir do registrador A

Iy

Sumador paralelo

Ca o ) — Cp=1
(desconsiderado) de 4 bits 74L5283 ’
Saida do T_ T_ T_ T_
registrador{ B, B, B, B, + YVYY - :
B, invertida £ 5 20} aac]jifae ﬁ]eunecgepresen a

Prof. Fernando Passold Circuitos Digitais |



Uso do “Inversor Controlado”:

D,
D,

=

= -

D,

) >

8-Bit | T

B *—;}D‘ﬁ

input
" D

D,
D,

Complementing
control signal

L
el
*—/D’

HL>—

=) -

=) >

(C)

Saida Controlada:

L Se:C=LX, ;=
Se C= OXO7:

Fig.: Exemplo de solucao tipica empregada em circuitos aritméticos binarios.

Prof. Fernando Passold
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Exemplo usando Inversor Controlado:

s Circuito de substracdo: X =A—B

Inputs (A =0010 1010, B=00010111)

—A —

A" 87 Aﬁ 86 A( BS A4 84 A3 83 A3 82 Al Bl Ao BO

Complementing
switch

| (subtract)
olo] olo] 1lo] ol tlo] ol 1] 0||
JL % 0 7 28 2 R s ) o—
d1

VVVN YU | s e

I 0 l 0 0 (
| exemplo:
| Carry-out
J

Ay By Ay By A, B, A, B, Ay By A, By A, B, A B, \1 11 1 1
= 4008 o L 4008 ¢, — 42 00101010
L 5L 5 L o5 5L I 23 +1110 1000
AN L | I O 19 0001 0011
27 26 25 24 23 | 22 21 20g
Output .\n;:r—rcmaindcr +23 = 0001 0111

Prof. Fernando Passold Circuitos Digitais | 8



f

)HHHHOpOOHHHOHOHHOHOOOOOOOHHH

11100011100111110101111010011101011010000000111

11111111100011100111110101111010011101011010000000111
1010011101011010000000111

10011101011010000000111

1111111100011100111110101111010011101011010000000111
11010011101011010000000111

011100111110101111010011101011010000000111

011100111 HHOHOHHHHoHOOHHHOHOHHOHOOOOOOOHHH
1010011101011010000000111

100111110101111010011101011010000000111
1010011101011010000000111

,HHHHoHooHHHcHoHHoHooooooOHyH
111010000000111 o

11101 oo,H 11111 “_.“_.uoooHHHoou..u.u.HuﬂoonHHHowoou.Hubwou.u.ouboocoooﬂ:.
101111010011101011010000000111

11110101111010011101011010000000111

)11010000000111
)0111110101111010011101011010000000111
010011101011010000000111

101111010011101011010000000111

10101111010011101011010000000111

)011100111110101111010011101011010000000111

110111010011111111100011100111110101111010011101011010000000111

10011101011010000000111

tos de ULAs

Circu

is
Prof. Fernando Passold

ircuitos Digitai
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ULA simples de 1 bit:

Y ULA:

-Unidade Ldgica e
Aritmética;
-Resume em si

mesma a

| @—‘F posibilidade de
execucao de
operagoes basicas
(AND, OR, NOT) e

) D ﬁD_j— soma de duas

Ap )
J

Bp

v
JUC

2 [ palavras binarias.
el U U
ﬁ>ofj @l
o ) y, R Figura ao lado:
o ULA simples de 1
—DO—D— bit.
D—




(Cont) ULA simples de 1 bit:

Co
v
Ent,‘.z(’jra de carry 1"
Aw A-B
o %A B )
[ + ’dﬁ
L,/ ﬂ S’AX
] | .
{>c B j ,ﬂ
?§ Sinais de o
o habilitagao i |
Q
Q \ : . . -
° < ToH D+
g e :
G m=—————— 4TI
ey b i o R W R
T e ' : Tabela Verdade
| | desta ULA:
FO » : [>o D_ : l @l Somador | :
I A C_on_np_let_o_, F1 | FO | Saida
e | 0 |0|AANDB
: —DO—D — |, o |1[AORB
: I 1 | 0 | NOT(B)
I D ' ut 1 |1|A+B
V- I Car\’Y
DEC 2/4

[



Arquitetura genérica de uma ULA
A B

bits
selecao
operacao
o-bits

00
Dec Ol1

o/p
So-1

SO

Op-1

Prof. Fernando Passold

#— carry-out
lfbit

10 |
Funcao 11 MUX de
Logica Saida Z* F
p-canais n-bits |
Enable Ip-1 |
SO So-1

|
w—

~ ULA: Blocos internos

Circuitos Digitais |



ULA 74L5382/HC382:

A <

B <

Prof. Fernando Passold

n unmh n @) 0 W W > > r >

T1 T "1 Tl

OVR

7415382/
74HC382

ULA

> F

Tabela de funcao do 74HC382:

S,S,;S, | Operagao Comentario
000 CLEAR F,F,F,F, = 0000
001 B-A Requer Cy =1
010 A-B Requer C, =1
011 A+B Requer C =0
100 A®B XOR
101 A+B OR
110 AB AND
111 PRESET F,F,F,F, = 1111
Coment/arios:

operacion.

C = "carry-in" en posicion LSB.

S = 3 bits para seleccionar

A = niUmero de entrada de 4 bits. F = nUmero de salida de 4 bits.

B = nimero de entrada de 4 bits.  C,,, = "carry-out" de posicion MSB.

OVR = 1 para overflow de numeros
con signo.

NULL =1 cuando salida igual a cero

SGN = 1 para indicar resultado
negativo

SIOLTTIIAS UTgitalto




Palavra

y 4

Palavra <
B

Carry-in

Selecao
Funcao
S

AR
19,] 5
— A 3
3 1 11 ’
= A Fz — | Saida
0 9
16 8
o1 B3 Fo—
18
2] 14
I B, Cuee 2 carry-out
By 13
15 OVR F—0Overflow
SN CN
7S, 7415382/
b5, 74HC382
SN &
ULA
GND=Pin 10
VCC=Pin 20

Prof. Fernando Passold

Circuitos Digitais |
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ULA 74LS382/HC382 (cont)

A ] 22 TR Exemplos de Operacoes:
1 ~
L —1A, Ez—> . m Subtracao (em \C2):
1 >
(—{B; Fy— s Com S,S;S, = 001, a ULA subtrai o
B! B . numero de entrada A do niumero de
5 S e entrada B. O resultado surge em
\ BO
C OVR[— F3F2F1F0.
N Note que a operacao de substracao
_Js, 745382/ exige Cy=1!
5{ —{5, 74HC382
—> SO
ULA m Compare com:
Tabela de fungdes do 74HC382: . As A Ay Aq | A partir del registrador A
S,S,S, Operagao Comentario i l l ¢
000 CLEAR F,F,F,F, = 0000 Sumador paralelo
G e
001 B-A Requer Cy, = 1 . W de 4 bits 745283 |+ Co=1
010 A-B Requer C =1
011 A+B Requer C, =0 TT TT
Salidadet ' 1 1 1
100 A®B XOR registrador B { B; B, B, Bj
i id Salid tal
1 0 1 A + B OR invertida 23 22 21 20} d?f;rznqcﬁl: representa La
110 AB AND
111 PRESET F,F,F,F, = 1111
rifur. 1 Crirariviv 1 adooulul \.,Ill_u.itos D]g]ta]s | 15




_,A
A ’
—A o
0 F,— F
—1B; Fo—
_’B
B < ’
—1B; CN+4—>
—1B,
OVR[—
_.C

—S, 74LS382/
5{ —{5, 74HC382

ULA

Tabela de funcoes do 74HC382:

ULA 74LS382/HC382 (cont)

Exemplos de Operacoes:

m Operacao XOR:

s Com S,S;S, = 100, a ULA realiza XOR
bit a bit sobre as entradas A e B.

B;B,B,B,=1100, sera obtido:

F,=A,®B,=0®1=1

F,=A,®B,=1®1=0

F=A®B=100=1

F,=A,®B,=0®0=0

S,S,S, Operagao Comentario
000 CLEAR F,F,F,F, = 0000
00 B-A Requer C =1
010 A-B Requer C =1
011 A+B Requer C, =0
100 A®B XOR
101 A+B OR
110 AB AND
111 PRESET FiF,F Fy = 1111

CTTIATIUU T dooUlU

cmcuitos Dlg]tals |
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_,A
A ’
LA 21—
0 F,— F
— B; Fo—
_’B
B < ’
—1B; Chsal
—1B,
OVR[—
_.CN

5, 74HC382

{ _.J5, 7415382/
S

ULA

Tabela de funcoes do 74HC382:

ULA 74LS382/HC382 (cont)

Problemas:

1) Determine as saidas do 74LS382
para as seguintes entradas:
S,5,S,= 010;

AAA A, = 0100;
B-B,B,B,= 0001, e C = 1.

2) Altere o codigo de selecion anterior

para 011 e repita o exercicio

mantendo as mesmas entradas.

S,S,S, Operagao Comentario
000 CLEAR F,F,F,F, = 0000
00 B-A Requer C =1
010 A-B Requer C =1
011 A+B Requer C, =0
100 A®B XOR
101 A+B OR
110 AB AND
111 PRESET FiF,F Fy = 1111

CTTIATIUU T dooUlU

cmcuitos Dlg]tals |
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— A
A- ’
—iIA, :23 L
—A o
0 F,— F
—1B; Fo—
— B
<{ 2
B —1B; Crsa L
—1B,
OVR—
— CN
—S, 74LS382/
S{4 — S, 74HC382
ULA

Tabela de funcoes do 74HC382:

ULA 74LS382/HC382 (cont)

1)

S,S,S, Operagao Comentario
000 CLEAR F,F,F,F, = 0000
00 B-A Requer C =1
010 A-B Requer C =1
011 A+B Requer C, =0
100 A®B XOR
101 A+B OR
110 AB AND
111 PRESET FiF,F Fy = 1111

Problemas:

Determine as saidas do 74LS382
para as seguintes entradas:
S,5,S,= 010;

AAA A, = 0100;

B-B,B,B,= 0001, e C = 1.

Resposta:
F;F,F,F,= 0011
CN+4 =1
OVR =0

Altere o codigo de selecion anterior
para 011 e repita o exercicio
mantendo as mesmas entradas.

Resposta:
F;F,F.F,=0110
Chg=0
OVR =0

CTTIATIUU T dooUlU

cmcuitos Dlg]tals |
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Outra ULA: 74181

Inputs

~

Carry-in (Cy)
Maode control

Function
select

—
—
—_—
—_—
—
—
—
—_—

—=

74181

CN¢41
A=RB
G

P

Outputs

O—— Carry-out (Cy ., &)

Equality

Genersate

Propagate

Obs.: pinos G e P previstos para gerar o propagar
de forma acelerada do carry-out (fast-look-

ahead carry)

Simulador (em java) disponible em (25/11/2008):
http://tams-www.informatik.uni-hamburg.de/applets/hades/webdemos/20-arithmetic/50-74181/demo-74182-ALU-CLA.html

Prof. Fernando Passold

Mode Logic Arithmetic
select functions operations
Sy S S S (M=H) (M=L)C,=H)
B L:iE L F=A F=A «—_ |
L L i F=A+B F=A+B
A F=AB F=A+B
i Ll o F=0 F = minus 1 (2's comp.)
O o (o F=AB F = A plus AB
[ i e F=B F = (A + B) plus AB
L H H L F=A@®&B F = A minus B minus |
L H HH F=AB F = AB minus |
i R S F=A+B F = A plus AB
&k L H F=A®B F=Aplus B
H L H L F=B F = (A + B) plus AB
v O Wy | R | F=AB F = AB minus |
(S 7 A £ F=1 F=Aplus A*
H K L -H F=A+B F=(A+B)plusA
H H H-L F=A+B F=(A+B)plusA
H H H H F=A F =Aminus |

Circuitos Digitais |

*Each bit is shifted to the next-more-significant position.

19



Outra ULA: 74181

Seletor de
operacion
S;S,S, S,
0000
0001
0010
0011
Actlve High Operands
23 22 21 20 19 18 0100
I | | 1L 0101
7—O|C A0 BO A1 B1 A2 B2 A3 B3
; C. 4 4JO— 16 0110
8 ——qM n+4
4-BIT ARITHMETIC 1000
S =151 LOGIC UNIT G 17
1001
4 =452
Pp— 15
5=1S3 f0  F1  F2  F3 1010
? ? ? ? 1011
9 10 11 13 1100
1101
1110
: . 1111
Obs: pines G y P previstos para generar o
propagar de forma acelerada el carry-out Obs: o
(fast-look-ahead carry).

Prof. Fernando Passold

Aritmética
(M=0) (~C,,=0)

Aritmética
(M=0) (~C,=1)

A+1 A
(AlB)+1 A|B
(A| ~B) + 1 A| ~B

0 (zero) -1

A+ (A&~B)+1 A+ (A & ~B)
(A | B)+(A & ~B) (A]|B)+ (A&
+1 ~B)

A-B A-B-1

A&B (A&B)-1

A+ (A&B)+1 A + (A &B)
A+B+1 A+B
(A | ~B)+(A & B) (A] ~B) + (A&

+1 B)

A&B (A&B)-1
A+A+1 A+ A

(A|B)+A+1 (A|B)+A
(A|~B)+A+1 (A| ~B) + A
A A-1

NOT Negacion
(complementa los bits).

OR

Circuitos Digitais |
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ra ULA: 74181 : iatinas ¢
OUt a U 8 Codigos de Funciones Funciones aritméticas
seleccion l6gicas M=0
S3 S2 81 S0 M=1 Cn =1 (sinacarreo) | Cn = 0 (con acarreo)
0 0 00 A A A+ 1
0 0 0 1 A+B A+B (A+B)+1
Actlve High Operands 0.0 %1 0 AB A+B (A+B)+1
23 22 21 20 19 18 0 .0:¢ 0 -1 0
01 00 AB A +AB A+AB + 1
7 A0 BO A1 B1 A2 B2 A3 B3 0 1.0 1 B (A +B) + AB (A+B)+AB + 1
8 —M Css 6 Jo 1 1 0] A@ B A-B-1 A-B
6 — 50 ‘LS181 Ry MR T o AB AB - 1 AB
4-BIT ARITHMETIC -
5 51 LOGIC UNIT " —— 1. .60 0.0 A+B A+ AB A+AB + 1
W P 100 1| A@B A+B A+B+1
Pb—15 = 3
10 1 B A+ B)+AB A+B)+AB+1
3=—153 Fi.  F2  F3 ( ) ( )
1Ng 9 9 AB AB -1 AB
i i i i 3 % 0 =20 1 A+A A+A+1
LU TRE T R A+B (A+B)+A (A+B)+A+1
1110 A+B (A+B)+A (A+B)+A+1
{ jietd A SN A A-1 A
Obs: pines Gy P previstos para generar o ": Expresadas en complemento a 2

+: Operador OR en funciones légicas y signo méas en operaciones aritméticas
-: Signo aritmético menos ~— : Barra de inversion légica

propagar de forma acelerada el carry-out
(fast-look-ahead carry).

Prof. Fernando Passold Circuitos Digitais | 21



Outra ULA: 74181 (cont.)

Active High Operands
23 22 21 20 19 18

A0 BO A1 B1 A2 B2 A3 B3
7 —0|c, |°_16

8§ =——iM Ch+ 4
4-BIT ARITHMETIC
5 m—S1 LOGIC UNIT chb— 17
4 —52
Pl— 15
3=—33  fo F1 F2 F3

ST Y Y

9 10 11 13

Prof. Fernando Passold

Distribuicao e funcao dos pinos:

AO ... A3, entradas de operandos.

m BO ... B3, entradas de operandos.
m /FO ... /F3, saidas (ATIVO BAIXO) da ALU: onde aparecem os

resultados das operacoes.

Entradas SO ... S3, correspondem as linhas de selecao de
operacao do c1rcu1to mediante estas se seleciona a funcao
que o circuito deve realizar.

Entrada /M, entrada de controle (ATIVO BAIXO); por meio
desta entrada se indica ao circuito a operacao a realizar:
m Si /M=1, realiza operacoes ldgicas, e;
m Si /M=0, realiza operacoes aritméticas.
Entrada /Cn, entrada de “carry-in” (ATIVO BAIXO). Esta

entrada devera estar ativada ou nao de acordo com a
operacao aritmética a ser realizada.

Saida /Cn+4 é a saida de “carry-out” (ATIVO BAIXO).

Saida A=B, € una saida em coletor aberto e indica quando os
operadores de entrada sao iguais. Por exemplo, quando é
realizada a operacao aritmética de subtracao, esta saida se
ativa quando ambos os operandos so iguais.

Saida /G, de geracao acelerada de carry (ATIVO BAIXO). Em
operacoes arltmetlcas de soma, esta saida (se ativa) indica
que o resultado F & maior ou 1gual a 16, e no caso de
subtracao, indica quando F é menor que zero.

Saida /P, saida para propagacao acelerada de carry (ATIVO
BAIXO). para propag Y-

As saidas /G e /P se usam para cascatear varios circuitos
integrados do tipo 74181 empregando o método de
propagacao de carry em paralelo.

Circuitos Digitais | 22



ULA 74181

Selector de

p Aritmética
955 S (M=0) (~C,=1)
0000 A
0001 A|B
0010 A| ~B
0011 -1
0100 A+ (A & ~B)
0101 (A | B) + (A & ~B)
0110 A-B-1
0111 (A&B)-1
1000 A + (A & B)

1001 A+B

1010 (A | ~B) + (A & B)
1011 (A&B)-1
1100 A+ A
1101 (A|B)+A
1110 (A| ~B) + A
1111 A-1

Simulador (em java) disponivel em (25/11/2008):
http://tams-www.informatik.uni-hamburg.de/applets/hades/webdemos/20-arithmetic/50-74181/demo-74181-ALU.html

Function

012 3
4586 7 %
23 aB &
cpEFS
Operand A 2 s s
= 0]
012 3%
456 7 % ) 02
8 9 AB
CDEF;:_\—.m
: = 00
Operand B
012 3% L, B :
4537?-—| 181
8 0 A B »+— L 62
CDEFIS
< + B1
» BD
Carry In
c_in@ a—DO—-—.cm
x M
u[O>

Carry Out

CH4a »_‘—Do_e @ c_out

L}

OB e

=

Result

", %,

1
0

A=B Flag

(O >

{O>v
" )

1=logic/O=arithmetic

CLA Generation

23



I( Hades editor (applet mode) = @@ Selector de Légica
. [a] < > Aritmética
Function ~l| operacién (M=1) (M=0) (~C. =0)
3 S35,5: 5 in
01 2 3 %
458 7% 0000 ~A A+1
8 9 A B
coEF b 0001 ~(A | B) (A|B)+1
. 0010 ~A & B (A|~B) + 1
Operand A R 0011 0 (zero) 0 (zero)
—— . Carry Out 0100 | ~(A&B) | A+ (A& ~B)+1
T " S o | A lehe D)
g9 AB" 0101 1
CDEF °1.m Result
: * * | 0110 A~B A-B
00 Fly
|—.:2 0111 A& ~B A&B
Operand B z .
. 1000 ~A | B A+ (A&B)+ 1
012 3% L . Fig -
MHZ’—L 181 3 1001 ~(A N B) A+B+1
8 9 A B — b £2 F0
tcDbEFS 1010 B (A | ~B)+(A &B)
S d A=B Flag +1
- ol [O)ee 1011 A&B A &B
- + A+
Carry In N 1100 1 A+A+1
D 5 o . 1101 A| ~B (A|B)+A+1
i [O> 1110 Al|B (A| ~B) +A+1
. M
0> @)~ 1111 A A
1=logic/0=arithmetic CLA Generatian | 11@ S=01 10,’ M=0
| 3 0011 Carry-in=1
(13200,08400) 84.32% |4/ I | o] | +(-6) + 1001 A=3
ikl » b 100 ns |v| @®® t-613514,999,999,999 Y 1161 B=6
||Java Applet Window ) 24




Aplicacdes de ULA - em CPUs

.

A

4-hit Shift Register & g
Kenrammi R

4-hit Shift Register B ALU

4 - Cary [ Cin

1 Flip-Flop

T Cout F1 F2 F3
Switches l %
Control 3] [
Switches

Prof. Fernando Passold

Circuitos Digitais |

pI SCl [Bradford

Addr ess

J. Rodrigue

z]

Register

74172

Data

25



Aplicacoes de
ULA - em CPUs

EXTERNAL DATA BUS

INTERNAL BUS

(8 BITS)

R R
E E
G G
| | FiGS
S S - O C
T T = E
E E Ll "
R R N .
0 N L N
L L
[]
8 BIT DATA
REGISTERS
EXTERNAL
ADDRESS BUS
(16 BITS)
Prof. Fernando Passold Circuitos

DP
DATA STACK

POINTER

»

v

L ADDRESS

DS
DATA STACK

256+=16

RP

RETURN STACK |smmm—

POINTER

DATA

¥ ADDRESS

RS
RETURN STACK

256116

HOST

DATA

INTERFACE

-

DI 0O

naeom

SHIFT

"
-

h 4

ADDRESS

PROGRAM
MEMORY

*DATA

o ¥
MICRO-
PROGRAM
COUNTER

IADD RESS

MICRO-
PROGRAM
Lo 16 MEMORY

DATA
HIGH 16 ‘

MICRO-
INSTRUCTION

REGISTER

CONTROL

PROGRAM\
=1 PCSAVE COUNTER

BdK = 16

2K R



Aplicacdes de

,
13 | 5 /
| Program 8
‘ Counter
Program
Memory gm File
Registers
8 Level
Stack & RAM
13-bit
14 @ Lis=DE)
Instruction
Reg RAM
addr 8-9
Addr Mux
7, 4 |
7 8 Indirect
N/ Diract il
Addr FSR reg K
Instruction
Decode &
Control
STATUSY
ALU
o |
8//
W reg

ULA 2 em CPUs

Prof. Fernando Passold

Circuitos Digitais |

27



Aplicacdes de ULA - em CPUs

Exemplo de operacao a nivel de
maquina (Linguagem Assembly):

DATA BUS (8) > ; Assembly program Z80
LL p {} ORG 100H ;Locate progt:
MUX ACC LD HL,1234H ;Address of fi;
INDEX | REGISTER| ) . .- LD A,(HL) ;Operand 1 in
1 18-
STACK | POINTER | »ADDRESS INC HL ;Address of 21
PROGRAM ' COUNTER | ) REGISTERS ADD A,(HL) ;Addition

be ALU INC HL ;Address of re

LD (HL), A ;store result
END ;end of progrt:
ADDRESS BUS (18) ' |
> ORG 1234H ;Location of t
DB 100,200 ;put 64H and

Fonte (da figura):
http://www.msxarchive.nl/pub/msx/mirrors/msx2.com/zaks/z80prg02.htm (Disponivel em 10 Jun 2014)
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Exemplo real: uP Z80 (8-bits)

|
2]
Hr
TN TERN AL DATA BLE 8 BI15) ;F: <I>
- ----.Q.--.. ] I | I T || g DB‘S'SA
) H MUX MUX |
' H A |- F
H - 11 |l !
| ' i ¢ 8 c ™F PONEEN ™ = '
§ | WNSTREG [ R H 1 AN '
|
D E' D E
= U [ ] ACT |
' ! H L “ L :
g |oecooer : :
' I
|
¢ AL
|
| \ v
§ [CONTRCLLER '
SEQUENCER [ ALY |
(] CONTROL | sp -
' VAN SECTION H :
' PC
) - '
) - '
+1 #1
) - :
-----------1T-' ﬁ B ] ADESESS
u
ADCRESS BUS (16 BITS) ; $
el I
il
—— CONTROL
181 BUS
CONTROL BUS ; <;I:>
]
Al
1

Fonte: http://www.msxarchive.nl/pub/msx/mirrors/msx2.com/zaks/z80prg02.htm (Disponivel em 10 Jun 2014)
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Assembly - Exemplo:

Linha do programa

!

0001
0002
0003
0004
0005
0006
0007/
0008
0009
0108
0011
0012
0013

Posicao na Memoria (Endereco)

0100
0103
0104
0105
0106
0107

1234

EXTERNAL DATA BUS

INTERNAL BUS (8 BITS)

S amM—HN—Emo

.
.
Z am-Hu—ema

EXTERNAL

; Assembly program Z80  «ss:ss

ORG 100H ;Locate program at 100H

21 34 12 LD HL,1234H ;Address of first number
7E LD A,(HL) ;Operand 1 into Accu
23 INC HL ;Address of 2nd number
86 ADD A,(HL) ;Addition
23 INC HL ;Address of result (sum)
l77 ' LD (HL), A ;store result
Co dig'o Hexa END ;end of program

(programa) ORG 1234H ;Location of the data
64 C8 DB 100,200 ;put 64H and C8H

lez of erroN

Outra Posicao na Memoria: Dados

Prof. Fernando Passold

Fonte: http://www.fb9dv.uni-duisburg.de/vs/de/education/Dv1/votlesung2006/780-add.pdf (Disponivel em 10 Jun 2014)
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Assembly Z80 - Outros Exemplos.

Id a,5

1d b,7

add a,b

1d (Result),a

1d a,(Height)
Id b,a

1d a,(Width)
add a,a
add a,b
add a,b
1d (Perim),a

Prof. Fernando Passold

; load 5 into A

; load 7 into B

; add B to A, store result to A

; store the value of A into the variable Result

; loading Height into A
; loading this value into B from A (it cannot be done

; directly from the variable; see the possibilities below)
; loading Width into A
; adding A to itself, making it multiplied by two
; adding the height once
; adding the height again to complete the sum
; storing the result into Perim

Circuitos Digitais |



Execucao de programa em Assembly:

1st instruction:

LD HL,1234H ;Address of first number
Meaning: ,,HL:=1234H" and (of course) ,PC:=PC+3"

0100 21
| 0101 34
| Accu Flags = 0102 12
- = »0103 | 7E Program
- - 0104 23
B H L | 0105 86
— 1234 | 0106 23
L — | 0107 | 77
m— S e = F
] PC ]
- 0103 . 1234 64
1235 c8 Data
1236
...After
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Execucao de programa em Assembly:
4th instruction:

ADD A, (HL) ;Addition
Meaning: ,,A:=A+[ HL] “and ,PC :=PC+1"

0100 | 21
0101 | 34
= Accu Flags = 0102 [ 12
- 64 ] 0103 1E Prog ram
L | 0104 23
- H L | » 0105 86
= 1235 - 0106 23
1 — | 0107 |77
— e = 7
1 PC -
- 0105 . 1234 64
» 1235 c8 Data
1236
Before...
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Registradores internos do Z80:

Z80 8-bit Data Registers
General Registers Alternate Registers
" T 1
A Flags | A Froo
‘r‘:::::ﬂ::::::1
B c B | ¢ |
._:::::_'::::::1
D E | 1 _E |
T a1
H L LN S

Z80 Flags S|ZIX/H|X|P/V|N

S Sign

Zero

no flag

Half-Carry (Addition) for BCD Arithmetic

no flag

P/V Parity/Overflow
N Half-Carry (Subtraction) for BCD Arithmetic
C Carry

X m X N

Prof. Fernando Passold Circuitos Digitais |



Program store P I C 'I 6 F84
EEPROM data memory

Flash ROM Program
address bus F 02h

1K x 14 File data bus , F 08h

4 .
m Counterl‘ B “, EEPROM data
Program 14 |_ E ‘
data bus

RAM
Pipeline Register file| Data store datiEF:'Ethfory

Instruction reg 1 ES-Ievel stack E el 64 x 8

y

ion r
Instruction reg 2 i ¢ oo
& address bus PIEEPROM address

/ Address mux \

7, Direct address .;-t_u 1 Indirect Timer

,’ 58 address
F 04h

TP era— |
|Hle select reg. (df P

8 Literal data 8 File value

y y
op-code § 7 8
" Data mux

w
Instruction lworkin reg. . i
decoder o

& control 4
A A

b 19]UN0QD sl |

Ql [Q2 |Q3 4 port
tatus register

Oscillator
and timing from instruction
generation I 1

F 0Bh

4
Power-up Int_control :, P

timer

Oscillator
start-up

Power-on b ooh
Reset TRISB

Watchdog F_06h
timer

g wod /1

Arquitetura interna PIC 16F84 (8-bits)
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Arquitetura interna PIC 16F84 (8-bits)

EEPROM

Program
Mem ory
1K x14

PC IO PORTS

REGISTER
FILE

W

RTCC

EEPROM

Data
Mem ory
64 x 8

ALU -
Power-up Timer
Start-up Timer
Timing Power on reset
Generation Watchdog timer

Prof. Fernando Passold

OSC2ICLKOUT MCLR  “dd
OSC1ICLKIN Vs
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Arquitetura interna PIC 16F84 (8-bits)

Oscillator
0 -20MHz

Internal
Oscillator '

Serial
ommunicati

CCP1,CCP2 !
PWM

CCP/PWM
modules

Prof. Fernando Passold

CPU

(35 instructions)

Interrupts WDT

-— - -

PortD ! PortE |

Circuitos Digitais |

Program
Memory 8K

EEPROM (256)

RESET

P Suppl
& s @
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Processador de 4-bits TTL:

http://ygg-it.tripod.com/index.html

- & (Disponivel em 20 Jun 2012)

APOLLO181

Homemade 4-bit TTL Proc

a tribute to Dr. Peter Rony's 1974 BUGBOOK®

Prof. Fernando Passold Circuitos Digitais |
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Processador de 4-bits TTL:

http://ygg-it.tripod.com/index.html

(Disponivel em 20 Jun 2012)

Resultados:
(Display de Saida)

Entradas:
(Operadores +

Debug Leds (Flags):
Mostra status da ULA:
Yellow=Carry,
Green=Zero,
Red=4-bit Accumulator

Instrucoes)

Prof. Fernando Passold Circuitos Digitais |
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OP-CODE | ApoLLO181 Basic Instructions Program Command example

&
Processador de 4 e,
in Logic Mode on Example 49, 85' -
- operands A (ACC) and B (register ALV s3,52,81,50 = "1001
E 5 9 ACC = ACC XNOR RegE
oo, B B SET Carry flag to
— "no Carry” (s=0000) .
e Dr Peter Rony’s 1974 BUGBOOK® 9s or SET Carry flag SEix.?\r;;t)'l‘e cg;:ry"
to “with Carry” (s=1111)
(ACC unchanged)
Compare n with ACC and Example 19, A8:
I SET “with Carry” if ACC>n ACC = 8h
or SET Zero flag=1 if ACC=n Compare and
(ACC unchanged) SET "with carry" (because Sh>8h)
Compare register r with ACC and ExamAp|gC1 Z’ 72h5 JE=:
Br SET “with Carry” if ACC>r Regs-= 7h
or SET Zero flag=1 if ACC=r
(ACC unchanged) e
SET "Zero flag=1" (because 7h=7h)
Example 19, A9, CF:
If Zero flag= 1 jump to location ACC = oh
Cn (16 *n+ Acc)1° Compafe and
SET "Zero flag=1" (because 9h=9h)
JUMP to F9
Example 19, A8, 10, DC:
ACC = 8h
gé - If “with Carry” jump to location Compare and SET "with
a2 (16 * n + ACC),, carry" (because 9h>8h)
" ACC = Oh
JUMP to CO
Example E2:
En Load ACC with Input Port(n) ACC = PORT2
Example F8:
Fn Load Output Port(n) with ACC PORTS = ACC
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Arquitetura de Computadores: Exemplos:

- ARM7

Von Neumann’s 2 A mesma memoria estoca o programa e os dados.

Data 8-bits P
CPU rogram

Address 12-bits
<« and

Data
Memory

The given bus‘widths are examples only!

1 unico barramento de dados + 1 unico barramento de enderecos
Eventual “gargalo” na busca e execucao das instrugoes, limitando largura de bandal!

Prof. Fernando Passold Circuitos Digitais |

41



Exemplos:

Arquitetura de Computadores: - PIG;
- ARMY;
- ARMII;
Harward = Separa memoéria de dados da memoéria para estocar o programa.
Pragram 14-bits Data 3-bits
T <“—~—*> Data
Address 12-bits CPU Addrass 9-bits Mem Ofy
Program ) )
Memory

The gived bus wigths are examgles only!

Diferentes barramentos de dados e enderecos: 1 para programa x outro para dados.

Prof. Fernando Passold
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ARM Cortex M3 - RaspBerry Pi

_ o §Serial wire |
protectionunit | | viewer

TTE T

Data ! Flash

Bus Matrix

Peripheral I/F

Cortex-M3
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