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Objetivo
Objetivo Principal
Descrever os fundamentos para a criagao de circuitos sequenciais.

Objetivos Especificos

@ Projeto de Registradores.

@ Projeto de Debouncer para Chave.

@ Projeto de Temporizador.

@ Projeto de Gerador de Série de Fibonacci.
@ Projeto de Redes Neurais.
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Registrador de Deslocamento com Data-Load

@ Registrador de deslocamento com N bits e M estagios.
@ Capacidade de carregamento do valor inicial.
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Figura 1: Registrador de Deslocamento.
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Registrador de Deslocamento com Data-Load -

Cédigo em VHDL

No AW e

8
9
10

11
12

fffff Package: --------------ooooooooooooo oo
PACKAGE my_package IS

CONSTANT bits: POSITIVE := 8;

TYPE x_input IS ARRAY (NATURAL RANGE <>) OF BIT_VECTOR(bits-1 DOWNTO 0);
END my_package;

----- Multiplexer (a component): --------------------
ENTITY multiplexer IS
GENERIC (bits: POSITIVE);
PORT (inpl, inp2: IN BIT_VECTOR(bits-1 DOWNTO 0);
sel: IN BIT;
outp: OUT BIT_VECTOR(bits-1 DOWNTO 0));
END multiplexer;
ARCHITECTURE multiplexer OF multiplexer IS
BEGIN
outp <= inpl WHEN sel='0"' ELSE inp2;
END multiplexer;

Figura 2: PACKAGE e Multiplexador.
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Registrador de Deslocamento com Data-Load -

Cédigo em VHDL

1 ----- ff_bank (a component): --------------------
2 ENTITY ff_bank IS

3 GENERIC (bits: POSITIVE);

4 PORT (d: IN BIT_VECTOR(bits-1 DOWNTO 0);

5 clk: IN BIT;

6 q: OUT BIT_VECTOR(bits-1 DOWNTO 0));

7 END ff_bank;

8 .................................................
9 ARCHITECTURE ff_bank OF ff_bank IS

10 BEGIN

11 PROCESS (cTk)

12 BEGIN

13 IF (c1k'"EVENT AND clk='1") THEN

14 q <= d;

15 END IF;

16 END PROCESS;

17 END ff_bank;

18 ~mmmmmmm oo

Figura 3: Bancos de Flip-Flop.
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Registrador de Deslocamento com Data-Load -

Cédigo em VHDL

1 - Main code: -------------------o--oooo-ooooooooooooooooooo
2 USE work.my_package.all;
3 __________________________________________________________________

4 ENTITY shift_register IS

5 GENERIC (M: INTEGER 4; --# of stages
6 N: INTEGER := 8); --# of bits
7
8

PORT (clk, load: IN BIT;
x: IN x_input(1l TO M);

9 d: IN BIT_VECTOR(N-1 DOWNTO 0);

10 g: OUT BIT_VECTOR(N-1 DOWNTO 0)):

11 END shift_register;

12 -~ oo
13 ARCHITECTURE structural OF shift_register IS

14 SIGNAL templ: x_input(0 TO M);

15 SIGNAL temp2: x_input(l TO M);

16 s
17 COMPONENT multiplexer IS

18 GENERIC (bits: POSITIVE):

19 PORT (inpl, inp2: IN BIT_VECTOR(bits-1 DOWNTO 0);

20 sel: IN BIT;

21 outp: OUT BIT_VECTOR(bits-1 DOWNTO 0));

22 END COMPONENT;
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Figura 4: Cédigo Principal.
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Debouncer para Chave

@ Quando pressionamos uma chave mecanica ou mudamos sua
posicao a ocorréncia de bounces (repiques) é esperada antes da

chave finalmente acomodar-se.

@ Analogicamente pode ser representado por um circuito RC ou
opcionalmente por um Shmitt trigger .
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Figura 5: Debouncer para chave mecanica
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Debouncer para Chave

Nesse projeto, os seguintes critérios foram adotados:

@ Chave fechada (y ='0’):x deve permanecer baixo por pelo menos
10 ms sem interrupgao.

@ Chave aberta (y ='1’):x deve permanecer alto por pelo menos 10
ms sem interrupcao.

Cadigo dividido em 3 partes:
@ Um circuito preliminar para implementar esta fungao sera

esbogado sem VHDL.

@ Em seguida, o nimero de flip-flops necessarios para a
construcao sera estimado.

@ Finalmente, um projeto genérico, usando VHDL, sera
apresentado.
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Debouncer para Chave - Cédigo em VHDL

1

2 LIBRARY ieee;

3 USE ieee.std_logic_1164.al11;
4

5 ENTITY debouncer IS

6 GENERIC(fclk: INTEGER:=1; --clock freq in kHz
7 twindow: INTEGER:=10); --time window in ms
8 PORT (x: IN STD_LOGIC;

9 clk: IN STD_LOGIC;

10 y: BUFFER STD_LOGIC);

11 END debouncer;

12 mm e ooioooooooooooooooooo
13 ARCHITECTURE debouncer OF debouncer IS

14 CONSTANT max: INTEGER := fclk * twindow;

15 BEGIN

16 PROCESS (cTk)

17 VARIABLE count: INTEGER RANGE 0 TO max;

18 BEGIN

19 IF (cTk"EVENT AND clk="1") THEN

20 IF (y /= x) THEN

21 count := count + 1;

22 IF (count=max) THEN

23 count := 0;

24 y <= x;

25 END IF;

26 ELSE

27 count := 0;

28 END IF;

29 END IF;

30 END PROCESS;

31 END debouncer;

32 sttt eoooiooooooooooooooooo

Figura 6: Debouncer para chave mecanica
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@ O sistema é composto de trés secdes: contador, drivers do
display e o display propriamente dito.

@ Contador é a parte sequencial, conta de 00 a 60.

@ O drive de SSD ¢é a parte combinacional.
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Figura 7: Temporizador de 2 digitos.
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Temporizador - Codigo em VHDL

LIBRARY ieee:
USE ieee.std_logic_1164.al1;

ENTITY timer IS

GENERIC (fclk: INTEGER := 2); --clock frequency

PORT (clk, rst, ena: IN STD_LOGIC:

full_count: OUT STD_LOGIC:

digl, dig2: OUT STD_LOGIC_VECTOR (6 DOWNTO 0)):

END timer;

ARCHITECTURE timer OF timer IS

BEGIN

PROCESS(clk, rst, ena)

VARIABLE count0: INTEGER RANGE 0 TO fclk;
VARIABLE countl: INTEGER RANGE 0 TO 10;
VARTABLE count2: INTEGER RANGE 0 TO 7;

BEGIN

""""" counters: ------o-ooooooooooooooooo

IF (rst="1") THEN
count0
countl
count?
full_count <— "0

ELSIF (countl=0 AND countZ 6) THEN
full_count <= "1’

ELSIF (cT1k'EVENT AND c]k "1') THEN
IF (ena="1") THEN

count0 := count0 + 1;
IF (count0=fclk) THEN
0;

count0
countl countl + 1;
IF (countl=10) THEN
countl := 0;
count? := count2 + 1;
END IF;

Figura 8: Contador do temporizador.
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Temporizador - Codigo em VHDL

37 END IF;

38 END IF;

39 END IF;

40 0 - BCD to SSD conversion: ------------
41 CASE countl IS

42 WHEN 0 => digl

43 WHEN 1 => digl

44 WHEN 2 => digl

45 WHEN 3 => digl

46 WHEN 4 => digl

47 WHEN 5 => digl

48 WHEN 6 => digl "1011111
49 WHEN 7 => digl "1110000
50 WHEN 8 => digl

51 WHEN 9 => digl

52 WHEN OTHERS => NULL;

53 END CASE;

54 CASE count2 IS

55 WHEN 0 => dig2 <= "1111110"
56 WHEN 1 => dig2 <= "0110000
57 WHEN 2 => dig2 <= "1101101
58 WHEN 3 => dig2 <= "1111001
59 WHEN 4 => dig2 <=

60 WHEN 5 => dig2 <=

61 WHEN 6 => dig2 <=

62 WHEN OTHERS => NULL;

63 END CASE;

64 END PROCESS;

65 END timer;

[ et

Figura 9: SSD Diriver.
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Gerador da Série de Fibonacci

@ No século XIlI, Leonardo Fibonacci descobriu uma série numérica
com interessantes propriedades matematicas, como a rapida
convergéncia da razao de quaisquer dois elementos consecutivos
para ¢ = (1++/5)2 =1,61803398...
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Figura 10: Gerador da série de Fibonacci.
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Gerador da Série de Fibonacci - Cédigo em VHDL

22
23
24

Figura 11: Cédigo do Gerador da série de Fibonacci.
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ENTITY fibonacci IS
GENERIC (N: INTEGER := 16); --number of bits
PORT (clk, rst: IN BIT;
fibo_series: OUT INTEGER RANGE 0 TO 2**N-1);
END fibonacci;
ARCHITECTURE fibonacci OF fibonacci IS
SIGNAL a, b, c: INTEGER RANGE 0 TO 2**N-1;
BEGIN
PROCESS (clk, rst)
BEGIN
IF (rst="1") THEN
b <= 1;
c <=0;
ELSIF (cTk"EVENT AND clk="1") THEN
c <= b;
b <= a;
END IF;
a<=b+c;:
END PROCESS;
fibo_series <= c;
END fibonacci;
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Medidores de Frequéncia

Duas abordagens de medicao sao consideradas:

@ Uma janela de tempo é criada a partir do clock, e 0 nimero de
pulsos em x dentro dela é contado.

@ O periodo de x é usado como janela de tempo e 0 numero de
pulsos de clock dentro dela é contado.
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Medidores de Frequéncia
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Figura 12: Arquitetura gerais para medidores de frequéncia.
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Medidores de Frequéncia - Cédigo em VHDL

l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2 ENTITY freq_meter IS

3 GENERIC (fclk: INTEGER := 5; --clock freq.
4 fxmax: INTEGER := 15); --max fx
5 PORT (clk, x: IN BIT;

6 test: OUT BIT;

7 fx: OUT INTEGER RANGE 0 TO fxmax);
8 END freq_meter;

9 _______________________________________________
10 ARCHITECTURE behavioral OF freq_meter IS

11 SIGNAL twindow: BIT;

12 SIGNAL temp: INTEGER RANGE 0 TO fxmax;

13 BEGIN

14 ------ Time window: -------------------------
15 PROCESS (clk)

16 VARIABLE count: INTEGER RANGE 0 TO fclk;
17 BEGIN

18 IF (c1k'EVENT AND clk="1") THEN

19 count := count + 1:

20 IF (count=fclk) THEN

21 twindow <= '1'";

22 ELSIF (count=fclk+1) THEN

23 twindow <= '0";

24 count := 0;

25 END IF;

26 END IF;

27 END PROCESS:

Figura 13: Janela de Tempo.
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Medidores de Frequéncia - Cédigo em VHDL

28 ------ Counter for x: -----------------------
29 PROCESS (x, twindow)

30 VARIABLE count: INTEGER RANGE 0 TO 20;

31 BEGIN

32 IF (twindow="1") THEN

33 count := 0:

34 ELSIF (x'"EVENT AND x="1"') THEN

35 count := count + 1;

36 END IF;

37 temp <= count;

38 END PROCESS;

K] Register: ----------------—----------
40 PROCESS (twindow)

41 BEGIN

42 IF (twindow"EVENT AND twindow="1") THEN
43 fx <= temp:

44 END IF;

45 END PROCESS;

46 test <= twindow;

47 END behavioral;

L R

Figura 14: Contador de pulsos.
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Redes Neurais

@ Redes neurais sao sistemas altamente paralelos e

interconectados. Tais caracteristicas tornam sua implementacao
muito desafiadora, e também muito cara, devido a grande
quantidade de hardware necessario.

Figura 15: Redes Neurais.
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Figura 16: Duas opgoes para a implementagao de um neurdnio.
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Redes Neurais - Codigo em VHDL

1 ------ Package of data types and weight values: -------------

2 LIBRARY ieee;

3 USE ieee.numeric_std.all;

4 _____________________________________________________________

5 PACKAGE package_of_types_and_weights IS

6 - Part 1: Circuit parameters: -----------------------

7 CONSTANT neurons: INTEGER : --# of neurons

8 CONSTANT weights: INTEGER : ; --# of weights per neuron

9 CONSTANT N: INTEGER := 6; --if of bits per weight

0 - Part 2: Data types: -----------------------------------------
11 TYPE short_array IS ARRAY (1 TO neurons) OF SIGNED(N-1 DOWNTO 0);
12 TYPE long_array IS ARRAY (1 TO neurons) OF SIGNED(2*N-1 DOWNTO 0);:
13 TYPE weight_array IS ARRAY (1 TO neurons, 1 TO weights) OF

14 INTEGER RANGE -(2%*(N-1)) TO 2**(N-1)-1;

15 ----- Part 3: Weight values (signed integers): --------------------

16 CONSTANT weight: weight_array := (

17 (1, 4, 5, 5, -5), --neuron 1

18 (5, 20, 25, 25, -25), --neuron 2

19 (-30, -30, -30, -30, -30)); --neuron 3

A ittt

21 END package_of_types_and_weights

A e

Figura 17: Parametros do Circuito.
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Redes Neurais - Codigo em VHDL

1 ------ Package with sigmoidal function: ---------------------------------
2 LIBRARY ieee;

3 USE ieee.std_logic_1164.al11;

4 USE ieee.numeric_std.all;

5 USE work.package_of_types_and_weights.all;

6

7 PACKAGE package_of_sigmoid IS

8 FUNCTION conv_sigmoid (SIGNAL input: SIGNED) RETURN SIGNED;
9 END package_of_sigmoid;

10 - oooooooooooooooooooooo
11 PACKAGE BODY package_of_sigmoid IS

12 FUNCTION conv_sigmoid (SIGNAL input: SIGNED) RETURN SIGNED IS
13 VARIABLE a: INTEGER RANGE 0 TO 4**N-1;

14 VARIABLE b: INTEGER RANGE 0 TO 2**N-1;

15 BEGIN

16 a 1= TO_INTEGER(ABS(input));

17 IF (a=0) THEN b:=0;

18 ELSIF (a>0 AND a<97) THEN b:=2;

19 ELSIF (a>=97 AND a<198) THEN b:

20 ELSIF (a>=198 AND a<305) THEN b

21 ELSIF (a>=305 AND a<425) THEN b

2z ELSIF (a>=425 AND a<567) THEN b

23 ELSIF (a>=567 AND a<753) THEN b: :

24 ELSIF (a>=753 AND a<1047) THEN b:=26;

25 ELSE b:=30;

26 END IF;

27 IF (input(2*N-1)="0") THEN

28 RETURN TO_SIGNED(b, N);

29 ELSE

30 RETURN TO_SIGNED(-b, N);

31 END IF;

32 END conv_sigmoid;

33 END package_of_sigmoid
3

Figura 18: Calculo da sigmoide.
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Redes Neurais - Codigo em VHDL

1 ------ Main code: ----------------------- oo
2 LIBRARY ieee;

3 USE ieee.std_logic_1164.al11;

4 USE ieee.numeric_std.all;

5 USE work.package_of_types_and_weights.all;

6 USE work.package_of_sigmoid.all;

7

8

ENTITY neural_net IS

9 PORT (clk, rst: IN STD_LOGIC;

10 x: IN SIGNED(N-1 DOWNTO 0);

11 y: OUT short_array);

12 END neural_net;

B i
14 ARCHITECTURE neural_net OF neural_net IS

15 SIGNAL prod, accl, acc2: long_array;

16 SIGNAL sigmoid: short_array;

17 SIGNAL counter: INTEGER RANGE 1 TO weights+l;

Figura 19: Cédigo Principal.
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Redes Neurais - Codigo em VHDL

18 BEGIN

19 ---- Process for counter: ----------------------------
20 PROCESS(c1k)

21 BEGIN

22 IF (cTk'EVENT AND clk="1") THEN

23 IF (rst="1") THEN

24 counter <= 1;

25 ELSE

26 counter <= counter + 1;

27 END IF;

28 END IF;

29 END PROCESS;

30 ---- Registers for acc? and y: -----------------------
31 PROCESS(clk)

32 BEGIN

33 IF (cTk'EVENT AND clk="1") THEN

34 IF (rst="1") THEN

35 FOR i IN 1 TO neurons LOOP

36 y(i) <= sigmoid(i);

37 acc2(i) <= (OTHERS=>"0");
38 END LOOP;

39 ELSE

40 FOR i IN 1 TO neurons LOOP
41 acc2(i) <= accl(i);

42 END LOOP;

43 END IF;

44 END IF;

45 END PROCESS;

Figura 20: Contador.
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Redes Neurais - Codigo em VHDL

46 ---- Process for combinational units: ----------------
47 PROCESS(x, counter)

48 BEGIN

49 FOR i IN 1 TO neurons LOOP

50 prod(i) <= x * TO_SIGNED(weight(i, counter), N);
51 accl(i) <= prod(i) + acc2(i);

52 IF ((acc2(i)(2*N-1)=prod(i)(2*N-1)) AND

53 (accl(i)(2*N-1)/=acc2(i)(2*N-1))) THEN
54 accl(i) <= ((2*N-1)=>acc2(i)(2*N-1),

55 OTHERS=>NOT acc2(i)(2*N-1));

56 END IF;

57 sigmoid(i) <= conv_sigmoid(acc2(i));

58 END LOOP;

59 END PROCESS;

60 END neural_net;

Bl mm oo

Figura 21: Unidades Combinacionais do circuito.
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