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Circuito Sequenciais

Circuito combinacional s saidas dependem apenas das entradas

Cicuito sequiencia = saidas dependem das entradas e do
comportamento anterior do circuito
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Latch SR com clock (gated)
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Setup and hold times
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Flip-Flop D Master-slave
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Flip-Flop D sensivel a borda de subida
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Comparacao de Hip-Flops D sensiveisanivel e sensivels a borda
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Flip-Flop Master-dave tipo D com Clear e Preset
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Flip-Flop tipo T (toogle)
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Flip-Flop JK
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Registrador de deslocamento com entrada paralela e serial e saida paralela
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Contador de 3 hits down-counter
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Clock cycle

S
©
L

Derivacdo de contador sincrono up-counter

o

cO NO Ol &~ WDN P

O FrRr FPFPPFOOOO

O r PP OOFr PFrkr OO

o

TO=1

T1=Q0
T2=0Q00Q1
T3=0Q0Q1 Q2
Th=0Q0QL...0n

21



Contador sincrocno de quatro-bits up-counter

D_I—TQ D_I—TQ

1 T Q o T Q o o, Qs
ClockT> Q > 0 > 0 > Q
(a) Circuito

seiphiiiigigigipipipigigtgts iyl

Qo

Q1

Q>

Q3

Coumt 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1

(b) Diagrama de tempo

22



EnabIeL

Ol O

Inclusdo de sinais de enable e clear

D

CIockT

Ol O

DA

f

Ol O

f

Ol O

Clear

T
I

—1

—1—O

23



Enable }j > D Q Qo
U L ©
Contador de 4 bits com FF D }j > D Q Q1
" Q
}E > D Q l Q2
> Q
'j ) D Q l Q3
> Q
Output
Clock carry 24




EnablgO _Di?7D QD
U =
N 1 Do 4o
< —p> (—]
Contador com entrada paralela k/
) O
D Q
D2 -
( =
J
) >
D Q 9!
D3 u gl h
Uy

Clock 25



Contador modulo-6 com reset sincrono
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Inatalacdo de um FF D de um package

LIBRARY ieee;
USE ieee.std logic 1164.all ;
LIBRARY altera;

USE alteramaxplus2.al ;
ENTITY flipflop IS
PORT ( D, Clock - IN STD LOGIC;
Resetn, Presetn I\ STD LOGIC;
Q :OUT STD _LOGIC);
END flipflop ;

ARCHITECTURE Structure OF flipflop IS
BEGIN

dff_instance: dff PORT MAP ( D, Clock, Resetn, Presetn, Q) ;

END Structure ;
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Memoria

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY implied IS
PORT( A,B - IN STD_LOGIC;
AegB :OUT STD LOGIC);
END implied ;

ARCHITECTURE Behavior OF implied IS
BEGIN
PROCESS (A, B)
BEGIN
IFA=BTHEN
AegB <="1";
END IF;
END PROCESS;;
END Behavior ;
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Codigo paraum latch D gated

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY latch IS
PORT( D,Clk :IN STD LOGIC:
Q :OUT STD_LOGIC):
END latch :

ARCHITECTURE Behavior OF latch IS
BEGIN
PROCESS (D, Clk )
BEGIN
IF Clk ='1' THEN
Q<=D;
END IF;
END PROCESS;;

END Behavior :



Codigo paraum FF D

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY flipflop IS
PORT ( D,Clock :IN  STD_LOGIC;
Q : OUT STD LOGIC);
END flipflop ;

ARCHITECTURE Behavior OF flipflop IS
BEGIN
PROCESS ( Clock )
BEGIN
|F Clock'EVENT AND Clock ='1' THEN
Q<=D;
END IF;
END PROCESS;

END Behavior ;



Codigo paraum FF D usando WAIT UNTIL

LIBRARY ieee
USE ieee.std logic 1164.all;

ENTITY flipflop IS
PORT ( D, Clock : IN STD LOGIC;
Q :OUT STD_LOGIC);
END flipflop ;

ARCHITECTURE Behavior OF flipflop IS
BEGIN
PROCESS
BEGIN
WAIT UNTIL Clock'EVENT AND Clock ='1";
Q<=D;
END PROCESS;
END Behavior ;
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FF D com reset assincrono

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY flipflop IS
PORT ( D, Resetn, Clock :IN STD LOGIC;

Q :OUT STD_LOGIC);

END flipflop ;

ARCHITECTURE Behavior OF flipflop IS
BEGIN
PROCESS ( Resetn, Clock )
BEGIN
|F Resetn ='0' THEN
Q<=0
ELSIF ClockkEVENT AND Clock ='1' THEN
Q<=D;
END IF;
END PROCESS;

END Behavior ;
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FF D com reset sincrono

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY flipflop IS
PORT ( D, Resetn, Clock :IN STD_LOGIC;

Q :OUT STD_LOGIC);
END flipflop ;
ARCHITECTURE Behavior OF flipflop IS
BEGIN
PROCESS
BEGIN

WAIT UNTIL Clock EVENT AND Clock ='1';
IF Resetn ='0' THEN
Q<=0;
ELSE
Q<=D;
END IF;
END PROCESS;

END Behavior ;
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Instanciacao do médulo [pm_shiftreg

LIBRARY ieee;
USE ieee.std logic 1164.all ;
LIBRARY Ipm;
USE Ipm.Ipm_components.al ;
ENTITY shift IS
PORT ( Clock :IN STD LOGIC;
Reset :IN STD LOGIC;
Shiftin, Load : IN STD LOGIC,;
R :IN STD LOGIC VECTOR(3DOWNTOO);
Q :OUT STD LOGIC VECTOR(BDOWNTOO));
END shift ;

ARCHITECTURE Structure OF shift IS
BEGIN
instance: |pm_shiftreg
GENERIC MAP (LPM_WIDTH =>4, LPM_DIRECTION =>"RIGHT")
PORT MAP (data=> R, clock => Clock, aclr => Reset,
load => Load, shiftin => Shiftin,q=>Q) ;
END Structure;



Codigo um registrador de 8 bits com clear assincrono

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY reg81S
PORT ( D . IN STD LOGIC VECTOR(7 DOWNTOO);
Resetn, Clock  :IN STD LOGIC;
Q :OUT STD _LOGIC VECTOR(7 DOWNTODO0));
END reg8 ;
ARCHITECTURE Behavior OF reg8 IS
BEGIN
PROCESS ( Resetn, Clock )
BEGIN
|F Resetn ='0' THEN
Q <="00000000" ;
ELSIF Clock'EVENT AND Clock ='1' THEN
Q<=D;
END IF;
END PROCESS;

END Behavior ; 29



Codigo um registrador de n-bit com clear assincrono

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY regn IS
GENERIC (N : INTEGER :=16);
PORT( D IN STD LOGIC VECTOR(N-1 DOWNTQOO0) ;
Resetn, Clock : IN STD LOGIC;
Q :OUT STD LOGIC VECTOR(N-1DOWNTOO)) ;
END regn ;
ARCHITECTURE Behavior OF regn IS
BEGIN
PROCESS ( Resetn, Clock )
BEGIN

|F Resetn ='0' THEN
Q<= (OTHERS=>'0);
ELSIF Clock'EVENT AND Clock ='1' THEN
Q<=D;
END IF;
END PROCESS;
END Behavior ; 40



Codigo paraum FF D com um multiplexador 2-para-1 na entrada D

LIBRARY ieee;
USE ieeestd logic 1164.dl ;

ENTITY muxdff IS
PORT ( DO, D1, Sd, Clock : IN STD LOGIC;
Q :OUT STD_LOGIC);
END muxdff ;

ARCHITECTURE Behavior OF muxdff IS
BEGIN
PROCESS
BEGIN
WAIT UNTIL Clock'EVENT AND Clock ="1';
|IF Sel ='0' THEN
Q<=D0;
ELSE
Q<=D1;
END IF;
END PROCESS;
END Behavior ;
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Cadigo hierarquico para um shift-register de 4 bits

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY shift4 IS

PORT ( R - IN STD LOGIC VECTOR(3DOWNTOO);
L,w, Clock :IN STD LOGIC;
Q :BUFFER  STD LOGIC VECTOR(3DOWNTOO));
END shift4 ;

ARCHITECTURE Structure OF shift4 IS
COMPONENT muxdff
PORT ( DO, D1, &, Clock : IN STD LOGIC;
Q :OUT STD LOGIC);
END COMPONENT ;
BEGIN
Stage3: muxdff PORT MAP (w, R(3), L, Clock, Q(3) ) ;
Stage?2: muxdff PORT MAP ( Q(3), R(2), L, Clock, Q(2) ) ;
Stagel: muxdff PORT MAP ( Q(2), R(1), L, Clock, Q(1) ) ;
Stage0: muxdff PORT MAP ( Q(1), R(0), L, Clock, Q(0) ) ;
END Structure ; 42



Alternativa para o shift register

LIBRARY ieee;
USE ieee.std logic_1164.all ;
ENTITY shift4 1S

PORT( R L IN STD_LOGIC_VECTOR(3DOWNTOO0) :
Clock  :IN STD _LOGIC ;
L, w L IN STD _LOGIC;
Q :BUFFER STD_LOGIC_VECTOR(3DOWNTODO0)):
END shift4 :

ARCHITECTURE Behavior OF shift4 1S
BEGIN
PROCESS
BEGIN
WAIT UNTIL Clock'EVENT AND Clock ='1';
IFL ="1" THEN
Q<=R;
ELSE
Q(0) <=Q(1) ;
Q(1) <=Q(2);
Q(2) <=Q(3) ;
Q) <=w;
END IF;
END PROCESS;
END Behavior ;



Contador up-counter quatro-bits

LIBRARY ieee;
USE ieee.std logic 1164.al ;
USE ieee.std logic_unsigned.all ;
ENTITY upcount IS
PORT (  Clock, Resetn, E  : IN STD LOGIC;
Q :OUT STD_LOGIC VECTOR (3DOWNTOD0)) ;
END upcount ;

ARCHITECTURE Behavior OF upcount IS
SIGNAL Count : STD_LOGIC VECTOR (3DOWNTOO0) ;

BEGIN
PROCESS ( Clock, Resetn)
BEGIN
|F Resetn ='0' THEN
Count <="0000" ;
ELSIF (Clock'EVENT AND Clock ='1") THEN
IFE="1THEN
Count <=Count + 1;
ELSE
Count <= Count ;
END IF;
END IF;
END PROCESS;
Q <= Count ;

END Behavior ;



Contador de 4 bits com carga paralela usando sinais INTEGER

LIBRARY ieee;
USE ieee.std logic 1164.al ;

ENTITY upcount IS

PORT( R - IN INTEGER RANGEOTO 15;
Clock, Resetn, L :IN STD LOGIC;
Q : BUFFER INTEGER RANGEOTO15);
END upcount ;
ARCHITECTURE Behavior OF upcount IS
BEGIN
PROCESS ( Clock, Resetn)
BEGIN
IF Resetn ='0' THEN
Q<=0;
ELSIF (Clock'EVENT AND Clock ='1") THEN
IFL ="1THEN
Q<=R;
ELSE
Q<=Q+1;
END IF;
END IF;
END PROCESS;

END Behavior;



Contador down-counter

LIBRARY ieee;
USE ieee.std logic 1164.al ;
ENTITY downent IS
GENERIC ( modulus: INTEGER :=8) ;
PORT ( Clock,L,E :IN STD LOGIC,
Q :OUT INTEGER RANGE 0 TO modulus1) ;
END downent ;

ARCHITECTURE Behavior OF downent 1S
SIGNAL Count : INTEGER RANGE 0 TO modulus-1;
BEGIN
PROCESS
BEGIN
WAIT UNTIL (Clock'EVENT AND Clock ='1") ;
IFE="1THEN
IFL="1THEN
Count <= modulus-1 ;
ELSE
Count <= Count-1 ;
END IF;
END IF;
END PROCESS;
Q <= Count ;
END Behavior ;
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Clock

Data
Extern
Bus
A4 L A4
> >
R1 o R2 - Rk
R:I-in Rlout R2in Rzout Rkin Rkout

>

FunctionZ(>|

Control circuit

47



Conexao dos registradoes ao barramento

Bus

K lz'n
Clack

Rlouf _"{

R2

out

A1




Circuito de controle com um shift-register

R2,,t "R3; R2:. R3,,t R,

out In OUI’ out

Clock T> Q r> TQ > TQ

Reset

+——C

49



Circuito de controle modificado
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Cicuito de controle com FF sem preset
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Usando multiplexadores para implementacédo de um barramento
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Cadigo pararegistrador de n-bits com enable

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY regn IS
GENERIC (N : INTEGER :=8) ;
PORT ( R IN STD LOGIC VECTOR(N-1 DOWNTOO0) ;
Rin, Clock  :IN STD LOGIC;
Q :OUT STD LOGIC VECTOR(N-1 DOWNTOO0)) ;
END regn ;
ARCHITECTURE Behavior OF regn IS
BEGIN
PROCESS
BEGIN

WAIT UNTIL Clock'EVENT AND Clock ='1";
IF Rin="1 THEN
Q<=R;
END IF;
END PROCESS:;
END Behavior ; 53



Codigo para buffer tri-sate n-bits

LIBRARY ieee;
USE ieee.std logic 1164.all ;

ENTITY trin IS
GENERIC (N : INTEGER :=8) ;
PORT( X :IN STD LOGIC VECTOR(N-1 DOWNTOO);
E :IN STD_LOGIC;
F :OUT STD LOGIC VECTOR(N-1DOWNTOO));
END trin ;

ARCHITECTURE Behavior OF trin IS
BEGIN

F<=(OTHERS=>'Z)WHEN E="0'ELSE X ;
END Behavior ;



Caodigo para controlador com for the shift-register

LIBRARY ieee;
USE ieee.std logic_1164.all ;

ENTITY shiftr IS -- left-to-right shift register with async reset
GENERIC (K : INTEGER :=4) ;
PORT (  Resetn, Clock, w . IN STD LOGIC;
Q :BUFFER STD_LOGIC VECTOR(1TOK));
END shiftr ;

ARCHITECTURE Behavior OF shiftr IS

BEGIN
PROCESS ( Resetn, Clock )
BEGIN
IF Resetn ='0' THEN
Q<= (OTHERS=>"'0");
ELSIF Clock' EVENT AND Clock ='1' THEN
Genbits: FOR i IN K DOWNTO 2 LOOP
Qi) <= Q(i-1) ;
END LOOP;
Q1) <=w;
END IF;
END PROCESS;

END Behavior ;
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Declaragao de package e component

LIBRARY ieee;
USE ieee.std logic_1164.all ;

PACKAGE components IS
COMPONENT regn -- register
GENERIC (N : INTEGER :=8) ;

PORT( R IN STD LOGIC VECTOR(N-1 DOWNTOO0) ;
Rin, Clock - IN STD LOGIC;
Q :OUT  STD_LOGIC VECTOR(N-1 DOWNTOO0));

END COMPONENT ;

COMPONENT shiftr -- left-to-right shift register with async reset
GENERIC (K : INTEGER :=4) ;
PORT (  Resetn, Clock, w I\ STD_LOGIC;
Q :BUFFER STD_LOGIC VECTOR(1TOK));

END component ;

COMPONENT trin -- tri-state buffers
GENERIC (N : INTEGER :=8) ;
PORT( X :IN STD LOGIC VECTOR(N-1 DOWNTODO);
E IN SID LOGIC;
F :OUT STD_LOGIC VECTOR(N-1 DOWNTOO0)) ;
END COMPONENT ; 56
END components;;



Sistema digital com bus

LIBRARY ieee;
USE ieee.std logic 1164.al ;
USE work.components.all ;

ENTITY swap IS

PORT ( Data : IN
DOWNTOO0) ;
Resetn, w - IN
Clock, Extern :IN
RinExt - IN
BusWires : INOUT
DOWNTOO0) ) ;

END swap ;

STD_LOGIC_VECTOR(7

STD LOGIC ;
STD_LOGIC :

STD_LOGIC VECTOR(1TO 3);

STD_LOGIC_VECTOR(7

Y



Sistema digital com bus - continuacao

ARCHITECTURE Behavior OF swap IS

SIGNAL Rin, Rout, Q: STD LOGIC VECTOR(1TO 3);

SIGNAL R1,R2,R3: STD_LOGIC VECTOR(7 DOWNTOO) ;
BEGIN

control: shiftr GENERIC MAP (K => 3)

PORT MAP ( Resetn, Clock, w, Q) ;

Rin(1) <= RinExt(1) OR Q(3) ;

Rin(2) <= RinExt(2) OR Q(2) ;

Rin(3) <= RinExt(3) OR Q(1) ;

Rout(1) <= Q(2) ; Rout(2) <= Q(1) ; Rout(3) <= Q(3) ;

tri_ext: trin PORT MAP ( Data, Extern, BusWires) ;
regl: regn PORT MAP ( BusWires, Rin(1), Clock, R1) ;
reg2: regn PORT MAP ( BusWires, Rin(2), Clock, R2) ;
reg3: regn PORT MAP ( BusWires, Rin(3), Clock, R3) ;
tril: trin PORT MAP ( R1, Rout(1), BusWires) ;

tri2: trin PORT MAP ( R2, Rout(2), BusWires) ;

tri3: trin PORT MAP ( R3, Rout(3), BusWires) ;

END Behavior ;



Usando multiplexadores para implementar um bus

LIBRARY ieee;
USE ieee.std logic 1164.all ;
USE work.components.all ;

ENTITY swapmux IS

PORT ( Data IN
Resetn,w  :IN
Clock : IN
RinExt - IN

BusWires :BUFFER STD LOGIC_VECTOR(7 DOWNTOO)):

END swapmux ;

STD_LOGIC_VECTOR(7 DOWNTOO0) :
STD _LOGIC ;

STD LOGIC;

STD_LOGIC VECTOR(1TO 3) :

ARCHITECTURE Behavior OF swapmux IS
SIGNAL Rin, Q: STD_LOGIC VECTOR(1TO3);
SIGNAL S: STD_LOGIC VECTOR(1 DOWNTOO0) ;
SIGNAL R1,R2,R3: STD LOGIC VECTOR(7 DOWNTOO0) ;

BEGIN

control: shiftr GENERIC MAP (K => 3)
PORT MAP ( Resetn, Clock, w, Q) ;

...con't

59



Usando multiplexadores para implementar um bus - continuagao

Rin(1) <= RinExt(1) OR Q(3) ;
Rin(2) <= RinExt(2) OR Q(2) ;
Rin(3) <= RinExt(3) OR Q(1) ;
regl: regn PORT MAP ( BusWires, Rin(1), Clock, R1) ;
reg2: regn PORT MAP ( BusWires, Rin(2), Clock, R2) ;
reg3: regn PORT MAP ( BusWires, Rin(3), Clock, R3) ;
encoder:
WITH Q SELECT
S<="00" WHEN "000",
"10" WHEN "100",
"01" WHEN "010",
"11" WHEN OTHERS;
muxes. --eight 4-to-1 multiplexers
WITH S SELECT
BusWires <= Data WHEN "00",
R1 WHEN "01",
R2 WHEN "10",
R3 WHEN OTHERS ;
END Behavior ;



Codigo simplificado para descrever um barramento

(ENTITY declaration not shown)

ARCHITECTURE Behavior OF swapmux IS

SIGNAL Rin, Q: STD_LOGIC VECTOR(1TO?3);

SIGNAL R1,R2,R3: STD_LOGIC VECTOR(7 DOWNTOO) ;
BEGIN

control: shiftr GENERIC MAP (K => 3)

PORT MAP ( Resetn, Clock, w, Q) ;

Rin(1) <= RinExt(1) OR Q(3) ;

Rin(2) <= RinExt(2) OR Q(2) ;

Rin(3) <= RinExt(3) OR Q(1) ;

regl: regn PORT MAP ( BusWires, Rin(1), Clock, R1) ;
reg2: regn PORT MAP ( BusWires, Rin(2), Clock, R2) ;
reg3: regn PORT MAP ( BusWires, Rin(3), Clock, R3) ;

muxes
WITH Q SELECT
BusWires<= Data WHEN "000",
R2 WHEN "100",
R1 WHEN "010",
R3 WHEN OTHERS ;
END Behavior ; 61



Sistema digital implementa um processador simples

Data
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OperacOes executadas pelo processador

Operation Function performed
Load Rx,Data Rx <+ Data
Move Rx, Ry Rz < |[Ry|

Add Rz, Ry Rz + [Rz] + [Ry]
Sub Rx, Ry Rz + [Rzx] — [Ry]




Circuito de controle do porcessador

Clock

Clear

To Ty Ty T3

[ 1] |

Yo Y1 Y2 VY3
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i A i
\
1
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Up-counter
Reset




Registrador de funcao e os decodificadores

lo 11 15 I3 Xo X1 Xy X3 Yo Y1 Yy Y3
Yo Y1 Y2 Y3 Yo Y1 Y2 Y3 Yo Y1 Y2 Y3
2-t0-4 decoder 2-t0-4 decoder 2-t0-4 decoder
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ER Function Register
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Function
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(Load): I
(Move): I
(Add): I

(Sub): I3

Valoresdos sinais de controle para cada operacao/time step

T T T
Eztern, R;,, = X,
Done
Rin =X, Rout =Y,
Done
Rouwt = X, Ain Rouwt =Y, Gin, | Gouts Rin = X,
AddSub =0 Done
Rouwt = X, Ain Rouwt =Y, Gin, | Gouts Rin = X,
AddSub =1 Done
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Codigo paratwo-bit up-counter reset assincrono

LIBRARY ieee;
USE ieee.std logic 1164.all ;
USE ieee.std logic_unsigned.all ;
ENTITY upcount IS
PORT ( Clear, Clock :IN STD LOGIC;
Q : BUFFER STD_LOGIC VECTOR(1DOWNTOO));
END upcount ;

ARCHITECTURE Behavior OF upcount IS

BEGIN
upcount: PROCESS ( Clock )
BEGIN
|F (Clock'EVENT AND Clock ='1") THEN
|F Clear ='1' THEN
Q<="00";
ELSE
Q<=Q+'1;
END IF;
END IF;
END PROCESS,

END Behavior o7



Codigo para o processador

LIBRARY ieee;

USE ieee.std logic 1164.al ;
USE ieee.std logic_signed.all ;
USE work.subccts.all ;

ENTITY proc IS

PORT ( Data - IN STD _LOGIC VECTOR(7 DOWNTOO0) ;
Reset, w :IN STD_LOGIC;
Clock - IN STD_LOGIC;
F,Rx, Ry :IN STD_LOGIC VECTOR(1 DOWNTOO);
Done : BUFFER STD_LOGIC;

BusWires :INOUT STD_LOGIC VECTOR(7 DOWNTOO0));
END proc ;

ARCHITECTURE Behavior OF proc IS
SIGNAL Rin, Rout : STD_LOGIC VECTOR(0OTO 3);
SIGNAL Clear, High, AddSub : STD_LOGIC;
SIGNAL Extern, Ain, Gin, Gout, FRin: STD LOGIC ;
SIGNAL Count, Zero: STD_LOGIC VECTOR(1 DOWNTOO0) ;
SIGNAL T, 1, X,Y : STD_LOGIC VECTOR(0TO3);
SIGNAL RO, R1,R2, R3: STD_LOGIC VECTOR(7 DOWNTOO) ;
SIGNAL A, Sum, G: STD_LOGIC VECTOR(7 DOWNTQOO) ;
SIGNAL Func, FuncReg: STD LOGIC VECTOR(1TO 6) ;

... con’'t



Codigo para o processador - continuagao

BEGIN
Zero<="00"; High<="1";
Clear <= Reset OR Done OR (NOT w AND T(0)) ;
counter: upcount PORT MAP ( Clear, Clock, Count) ;
decT: dec2to4 PORT MAP ( Count, High, T );
Func<=F & RXx & Ry ;
FRin<=w AND T(0) ;
functionreg: regn GENERIC MAP (N =>6)
PORT MAP ( Func, FRin, Clock, FuncReg) ;
decl: dec2to4 PORT MAP ( FuncReg(1 TO 2), High, | ) ;
decX: dec2to4 PORT MAP ( FuncReg(3 TO 4), High, X ) ;
decY: dec2to4 PORT MAP ( FuncReg(5 TO 6), High, Y ) ;

Extern <=1(0) AND T(2) ;

Done <= ((I1(0) OR 1(1)) AND T(2)) OR ((I(2) OR I(3)) AND T(3)) ;
Ain<= (1(2) OR I(3)) AND T(1) ;

Gin<=(1(2) OR 1(3)) AND T(2) ;

Gout <= (1(2) OR I(3)) AND T(3) ;

AddSub<=(3) ;

...con't
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Codigo para o processador - continuagao

RegCntl:
FOR K IN O TO 3 GENERATE

Rin(k) <= ((1(0) OR 1(1)) AND T(1) AND X(k)) OR

((1(2) OR 1(3)) AND T(3) AND X(k)) ;
Rout(k) <= (1(1) AND T(1) AND Y (k)) OR
((1(2) OR 1(3)) AND ((T(1) AND X(k)) OR (T(2) AND Y (k) ;

END GENERATE RegCntl ;
tri_extern: trin PORT MAP ( Data, Extern, BusWires) ;
reg0: regn PORT MAP ( BusWires, Rin(0), Clock, RO ) ;
regl: regn PORT MAP ( BusWires, Rin(1), Clock, R1) ;
reg2: regn PORT MAP ( BusWires, Rin(2), Clock, R2) ;
reg3: regn PORT MAP ( BusWires, Rin(3), Clock, R3) ;
triO: trin PORT MAP ( RO, Rout(0), BusWires) ;
tril: trin PORT MAP ( R1, Rout(1), BusWires) ;
tri2: trin PORT MAP ( R2, Rout(2), BusWires) ;
tri3: trin PORT MAP ( R3, Rout(3), BusWires) ;
regA: regn PORT MAP ( BusWires, Ain, Clock, A ) ;
alu:
WITH AddSub SELECT

Sum <= A + BusWires WHEN 'O,

A - BusWires WHEN OTHERS;;
regG: regn PORT MAP ( Sum, Gin, Clock, G) ;
triG: trin PORT MAP ( G, Gout, BusWires) ;
END Behavior ;



Alternativa parao codigo do processador

... (ENTITY declaration not shown)
ARCHITECTURE Behavior OF proc IS
SIGNAL X, Y, Rin, Rout: STD_LOGIC VECTOR(0TO 3);
SIGNAL Clear, High, AddSub: STD_LOGIC ;
SIGNAL Extern, Ain, Gin, Gout, FRin: STD_LOGIC ;
SIGNAL Count, Zero, T, | : STD_LOGIC VECTOR(1 DOWNTOO0) ;
SIGNAL RO, R1,R2,R3: STD _LOGIC VECTOR(7 DOWNTOO) ;
SIGNAL A, Sum, G: STD LOGIC VECTOR(7 DOWNTOO0) ;
SIGNAL Func, FuncReg, Sel : STD_LOGIC VECTOR(1TO6) ;
BEGIN
Zero<="00" ; High<="1";
Clear <= Reset OR Done OR (NOT w AND NOT T(1) AND NOT T(0)) ;
counter: upcount PORT MAP ( Clear, Clock, Count ) ;
T <= Count ;
Func<=F & Rx & Ry ;
FRin<=w AND NOT T(1) AND NOT T(0) ;
functionreg: regn GENERIC MAP (N =>6)
PORT MAP ( Func, FRin, Clock, FuncReg) ;
| <= FuncReg(1 TO 2) ;
decX: dec2to4d PORT MAP ( FuncReg(3 TO 4), High, X ) ;
decY: dec2to4 PORT MAP ( FuncReg(5 TO 6), High, Y ) ;
controlsignals: PROCESS (T, I, X, Y)
BEGIN
...con't



Alternativa parao codigo do processador - continuagao

Extern<='0"; Done<="'0"; Ain<="0"; Gin<="0';
Gout <="'0"; AddSub<="0"; Rin<="0000" ; Rout <= "0000" ;
CASETIS
WHEN "00" => -- no signals asserted in time step TO
WHEN "01" => -- define signals asserted in time step T1
CASE I IS
WHEN "00" => -- Load
Extern<='1"'; Rin<= X ; Done<="1";
WHEN "01" => -- Move
Rout<=Y : Rin<= X ; Done<="1";
WHEN OTHERS => -- Add, Sub
Rout <= X ; Ain<="1";
END CASE ;

WHEN "10" => -- define signals asserted in time step T2
CASEI IS
WHEN "10" => -- Add
Rout<=Y : Gin<="1";
WHEN "11" => -- Sub
Rout<=Y ; AddSub<="1"; Gin<="1";
WHEN OTHERS=> -- Load, Move
END CASE;
WHEN OTHERS => -- define signals asserted in time step T3
CASEI IS 2



Alternativa parao codigo do processador - continuagao

WHEN "00" => -- Load

WHEN "01" => -- Move

WHEN OTHERS => -- Add, Sub
Gout<='1"; Rin<= X ; Done<="1";

END CASE;

END CASE;
END PROCESS;

reg0: regn PORT MAP ( BusWires, Rin(0), Clock, RO) ;
regl: regn PORT MAP ( BusWires, Rin(1), Clock, R1) ;
reg2: regn PORT MAP ( BusWires, Rin(2), Clock, R2) ;
reg3: regn PORT MAP ( BusWires, Rin(3), Clock, R3) ;
regA: regn PORT MAP ( BusWires, Ain, Clock, A ) ;
alu: WITH AddSub SELECT

Sum<= A + BusWires WHEN 'O,

A - BusWires WHEN OTHERS;

regG: regn PORT MAP ( Sum, Gin, Clock, G) ;
Sel <= Rout & Gout & Extern;

WITH Sd SELECT
BusWires <=

END Behavior ;

RO WHEN "100000",
R1 WHEN "010000",
R2 WHEN "001000",
R3 WHEN "000100",
G WHEN "000010",
Data WHEN OTHERS; 73
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Um circuito reaction-timer
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Cadigo para contador BCD de dois digitos

LIBRARY ieee;
USE ieee.std logic 1164.all ;
USE ieee.std logic_unsigned.all ;

ENTITY BCDcount IS
PORT ( Clock - IN STD LOGIC;
Clear, E : IN STD_LOGIC;
BCD1, BCDO : BUFFER STD LOGIC VECTOR(BDOWNTOO));
END BCDcount ;

ARCHITECTURE Behavior OF BCDcount IS
BEGIN

PROCESS ( Clock )

BEGIN

IF Clock'EVENT AND Clock ='1' THEN
|F Clear ='1' THEN
BCD1 <="0000" ; BCDO <="0000" ;

... con't
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Cadigo para contador BCD de dois digitos

ELSIFE="1 THEN
|F BCDO ="1001" THEN
BCDO <= "0000" ;
|IF BCD1="1001" THEN
BCD1 <="0000";
ELSE

BCD1<=BCD1+'1";

END IF;

ELSE
BCDO<=BCDO+'1';

END IF;

END IF;
END IF;
END PROCESS;
END Behavior ;

7



Codigo para o reaction timer

LIBRARY ieee;
USE ieee.std logic 1164.al ;

ENTITY reaction IS

PORT ( ¢9, Reset - IN STD LOGIC;
w, Pushn - IN STD LOGIC,;
LEDnN - OUT STD _LOGIC;

Digitl, Digit0 :BUFFER STD LOGIC VECTOR(1TO7));
END reaction ;

ARCHITECTURE Behavior OF reaction IS
COMPONENT BCDcount
PORT ( Clock : IN STD _LOGIC;
Clear, E IN STD_LOGIC;
BCD1, BCDO :BUFFER STD_LOGIC VECTOR(3DOWNTOO));
END COMPONENT ;
COMPONENT seg7
PORT ( bcd :IN STD_LOGIC VECTOR(3DOWNTOO);
leds :0OUT STD LOGIC VECTOR(1TO7));
END COMPONENT ;
SIGNAL LED : STD_LOGIC;
SIGNAL BCD1,BCDO: STD_LOGIC VECTOR(3DOWNTOO);

, 78
... con't



Caodigo para o reaction timer (continuagao)

BEGIN
flipflop: PROCESS
BEGIN
WAIT UNTIL c9EVENT AND c9="1";
IF Pushn ='0' THEN
LED <="'0';
ELSIFw ="1THEN
LED <="1";
END IF;
END PROCESS;

LEDn<=NOT LED;
counter: BCDcount PORT MAP ( c9, Reset, LED, BCD1, BCDO) ;
segl : seg7 PORT MAP ( BCD1, Digitl) ;
seg0 : seg7 PORT MAP ( BCDO, Digit0) ;
END Behavior ;
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