Cvicenie 8
Konecné automaty — Doplnok k Cviceniu 7

Popis:

Kod bol formalne upraveny (pre ucely studia pouzivajte tuto verziu kodu),
Bola pridana hierarchicka schéma,

Bol pridany stavovy diagram.

Hierarchicka schéma:
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Stavovy diagram:

cnt_finish <="1111”
cnt10_preset <= "111”
cnt1 <="0000"

state = set_time
cnt10 <= not SET_SWICH
cnt10_preset <= not SET_SWICH
cnt1 <="0000"

state = run_down

cnt1 <=cnt1 -1
cnt10 <=c¢nt10 - 1

state = refresh
cnt_finish <="1111"

cnt10 <= cnt10_preset

cnt1 <= “0000"

state = finish

BUZZER_EN <= cnt_finish(0)
cnt_finish <= cnt_finish - 1




STATE_DEMO.vhd (top-entity)

library ieee;
use ieee.std_logic_1164.all;

entity STATE_DEMO is

port(
CLK50MHZ : in std_logic;
RESET : in std_logic;
DISPLAY1 : out std_logic_vector(7 downto 0);
DISPLAY10 : out std_logic_vector(7 downto 0);
START_BUT : in std_logic;
SET_BUT : in std_logic;
SET_SWICH : in std_logic_vector(2 downto 0);

BUZZER_PLUS : out std_logic;
BUZZER_MINUS: out std_logic

end STATE_DEMO:

architecture arch of STATE DEMO is

constant DIV_FACTOR_SM : natural range 100000 to 25000000 := 2500000;
constant DIV_FACTOR_BUZ : natural range 1000 to 100000 := 50000;
signal clk_sm : std_logic;
signal clk_buzzer : std_logic;
signal bcdcntl : std_logic_vector(3 downto 0);
signal bcdcntl0 : std_logic_vector(3 downto 0);
signal buzzer_enable : std_logic;
component PRESCALER is
generic(
DIV_FACTOR_SM : natural range 100000 to 25000000 := 2500000;
DIV_FACTOR_BUZ : natural range 1000 to 100000 := 50000
)
port(
CLK50MHZ > in std_logic;
RESET : in std_logic;
CLKOUT1 : out std_logic;
CLKOUT2 : out std_logic
)

end component;

component SM is

port(
CLK : in std_logic;
RESET : in std_logic;
CNTOUT1 : out std_logic_vector(3 downto 0);
CNTOUT10 : out std_logic_vector(3 downto 0);
START_BUT : in std_logic;
SET _BUT : in std_logic;
SET_SWICH : in std_logic_vector(2 downto 0);
BUZZER_EN : out std_logic

)

end component;

component BCD2SEG is

port(
BCDIN : in std_logic_vector (3 downto 0);
DISPLAY : out std_logic_vector (7 downto 0)
)

end component;

component BUZZER is

port(
CLK_DRIVE > in std_logic;
ENABLE : in std_logic;
OUT_PLUS : out std_logic;
OUT_MINUS : out std_logic
):

end component;



begin

the_PRESCALER:
generic map(

DIV_FACTOR_.
DIV_FACTOR_

)
port map(

CLK50MHZ
RESET
CLKOUT1
CLKOUT2

):

the_SM: SM
port map(

CLK
RESET
CNTOUT1
CNTOUT10
START_BUT
SET_BUT
SET_SWICH
BUZZER_EN

);

PRESCALER

SM => DIV_FACTOR_SM,
BUZ => DIV_FACTOR BUZ

=> CLK50MHZ,
=> RESET,

=> clk_buzzer,
=> clk_sm

=> clk_sm,

=> RESET,

=> bcdcntl,

=> bcdcntl0,

=> START_BUT,

=> SET_BUT,

=> SET_SWICH,

=> buzzer_enable

the BCD2SEG1: BCD2SEG

port map(
BCDIN
DISPLAY

);

the_BCD2SEG10:
port map(
BCDIN
DISPLAY

):

=> bcdcntl,
=> DISPLAY1

BCD2SEG

=> pcdcntl0,
=> DISPLAY10

the_BUZZER: BUZZER

port map(
CLK_DRIVE
ENABLE
OUT_PLUS
OUT_MINUS

):

end arch;

SM.vhd

=> clk_buzzer,

=> buzzer_enable,

=> BUZZER_PLUS,
=> BUZZER_MINUS

-- konecny automat

library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all; -- using comparison ""'<""

entity SM is
port(

CLK
RESET
CNTOUT1
CNTOUT10
START_BUT
SET_BUT

odpocitavanie/nastavenie pociatocnej hodnoty
in std_logic_vector(2 downto 0);

SET_SWICH

in std_logic;
in std_logic;

in std_logic;
in std_logic;

pociatocnej hodnoty

BUZZER_EN
);
end SM;

: out std_logic

architecture arch of SM is

: out std_logic_vector(3 downto 0); --
: out std_logic_vector(3 downto 0); --

type my_state is (wait_for_start, refresh, run_down,

hodiny

reset

vystup citaca jednotiek
vystup citaca desiatok
tlacidlo pre start
prepinac rezimu:

swich na nastavenie

aktivacia bzuciaku

set_time, finish);



signal cntl : std_logic_vector (3 downto 0); -- citac jednotiek

signal cntl0 : std_logic_vector (2 downto 0); -- citac desiatok
signal cntl0_preset : std_logic_vector (2 downto 0); -- prednastavenie desiatok
signal cnt_finish : std_logic_vector (3 downto 0); -- citac, ktory zabezpecuje
prerusovany ton
signal state I my_state; -- konecny automat
begin

CNTOUT1 <= cntl;
CNTOUT10 <= "0" & cntlO0;

BUZZER_EN <= "1" when ((state = finish) and (cnt_finish(0) = "1%)) else "07;

process(RESET,CLK)
begin

it (RESET = "0") then --
cntl <= (others => "0%);
cntl0 <= "111'";
cntlO_preset <= "111";
state <= wait_for_start;
cnt_finish <= (others => "1%);

elsif (rising_edge(CLK)) then

case state is
when wait_for_start => -

if (SET_BUT = "0") then -
state <= set_time;

elsif (START_BUT = "0") then
state <= run_down;

else
state <= wait_for_start;

end if;

when run_down => -
if (cntl /= 0) then
cntl <= cntl - 1; -—
else
cntl <= "1001"; -—
if(cntl0 /= 0) then
cntl0 <= cntl0 - 1; -
else
cntl0 <= "000";
cntl <= "0000";
state <= finish; -—
end if;
end if;

when finish => -
if (cnt_finish /= 0) then
cnt_Ffinish <= cnt_Ffinish - 1;
else
state <= refresh;
end if;

when refresh => -
cntl0 <= cntl0_preset;
cntl <= "0000";
state <= wait_for_start;
cnt_finish <= (others => "1%);

when set_time => -
cntl0 <= not SET_SWICH;
cntlO_preset <= not SET_SWICH;
cntl <= "0000";
if (SET_BUT = "1") then
state <= wait_for_start;
end if;

end case;

end if;
end process;

nastavenie hodnot po resete

cakanie na start odpocitavania alebo
nastavenie pociatocnej hodnoty

odpocitavanie
odpocitavanie jednotiek po nulu
nastavenie jednotiek na 9

odpocitanie desiatky po nulu

ak sa jednotky aj desiatky rovnaju O

generovanie prerusovaneho tonu

-- casove oneskorenie, pocas ktoreho
-- zaznie zvukovy signal

nacitanie pociatocnej hodnoty

rezim nastavenia pociatocnej hodnoty



end arch;

PRESCALER.vhd

-- prescaler

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all; -- using comparison ""'<""

entity PRESCALER is

generic(
DIV_FACTOR_SM : natural range 100000 to 25000000 := 2500000;
DIV_FACTOR_BUZ : natural range 1000 to 100000 = 50000

)

port(
CLK50MHZ : in std_logic;
RESET : in std_logic;
CLKOUT1 : out std_logic;
CLKOUT2 : out std_logic

end’PRESCALER;

architecture arch of PRESCALER is

signal cntl
signal cnt2
signal clkl
signal clk2

std_logic_vector (24 downto 0);
std_logic_vector (24 downto 0);
std_logic;
std_logic;

begin

CLKOUT1 <= clki;
CLKOUT2 <= clk2;

process(RESET,CLK50MHZ)
begin
if (RESET = "0") then
cntl <= (others => "0%);
cnt2 <= (others => "0%);
clkl <= "0";
clk2 <= "0";
elsif (rising_edge(CLK50MHZ)) then
if (cntl < DIV_FACTOR_BUZ/2) then
cntl <= cntl + 1;
else
cntl <= (others => "0%);
clkl <= not clkl;
if (cnt2 < DIV_FACTOR_SM/DIV_FACTOR_BUZ) then
cnt2 <= cnt2 + 1;
else
cnt2 <= (others => "0%);
clk2 <= not clk2;
end if;
end if;
end if;
end process;
end arch;

BCD2SEG . vhd

-- decoder
library ieee;
use ieee.std_logic_1164.all;

entity BCD2SEG is
port(
BCDIN : in std_logic_vector (3 downto 0);
DISPLAY : out std_logic_vector (7 downto 0)

end BCD2SEG;

architecture arch of BCD2SEG is
begin
with BCDIN select
DISPLAY <=



'*00000011" when '0000", --
10011111 when "0001", --
''00100101" when '0010", --
00001101 when "0011', --
'"10011001" when '0100", --
01001001 when "0101', --
'*01000001" when '0110", --
00011111 when ""0111', --
'*00000001" when '1000", --
00001001 when '"1001', --
00010001 when '"1010', --
'*11000001" when 'f1011', --
'11100101" when '"1100", --
'*10000101" when '"1101', --
'*01100001" when '"1110", --
'"01110001" when "1111', --
""11111111" when others; --
end arch;

re ine moznosti
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BUZZER.vhd

-- buzzer
library ieee;
use ieee.std_logic_1164.all;

entity BUZZER is

port(
CLK_DRIVE : in std_logic;
ENABLE : in std_logic;
OUT_PLUS : out std_logic;
OUT_MINUS : out std_logic
):
end BUZZER;

architecture arch of BUZZER is
begin

OUT_PLUS <= CLK_DRIVE when (ENABLE = "1%) else "0";
OUT_MINUS <= not CLK_DRIVE when (ENABLE = "1%) else "1-;

end arch;



Priradenie pinov:
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Mode Mame Direction Location Reserved Group
1 £ BUZZER_MINUS Output PIN_12
z & BUZZER_PLUS Output PIN_13
3 I CLKSOMHZ Input PIN_37
4 &F  DISPLAYI[7] Output PIN_Z DISPLAY1[7..0]
5 ¢ DISPLAY1[6] Output PIN_3 DISPLAY1[7..0]
& 4F  DISPLAYI[S] Output PIN_S DISPLAY1[7..0]
7 &F  DISPLAY1[4] Output PIM_& DISPLAY1[7..0]
B & DISPLAYI[3] Output PIN_42 DISPLAY1[7..0]
g & DISPLAYI[Z] Output PIN_43 DISPLAY1[7..0]
10 &F  DISPLAYI[1] Output PIN_d44 DISPLAY1[7..0]
11 ¢ DIsPLav1[o] Output PIN_10 DISPLAY1[7..0]
1z 4 DISPLAY10[7] Output PIN_16 DISPLAY10[7..0]
13 oF  DISPLAY10[6] Output PIN_19 DISPLAY10[7..0]
14 & DISPLAY10[S] Output PIN_20 DISPLAY10[7..0]
15 4 DISPLAY10[4] Output PIN_Z1 DISPLAY10[7..0]
16 oF  DISPLAY10[3] Output PIN_Z2 DISPLAY10[7..0]
17 ¢ DISPLAY10(Z] Output PIN_23 DISPLAY10[7..0]
1a 4 DISPLAY10[1] Output PIN_Z5 DISPLAY10[7..0]
19 &F  DISPLAY10[0] Output PIM_ DISPLAY10[7..0]
20 I RESET Input PIN_2G
21 I SET_RUT Input PIN_35
2z I+ SET_SWICH[Z] Input PIN_34 SET_SWICH[Z..0]
73 I SET_SWICH[1] Input PIN_33 SET_SWICH[Z..0]
4 I SET_SWICH[O] Input PIN_31 SET_SWICH[Z..0]
25 I+ START_BUT Input PIN_27
26 > TCE Input
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