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VHDL — AkoAouBiaka KukAwuata

[Mapadelyua

TL KUKAWO povTEAOTIOLEL O KWOLKA;

Mwc utoAoyiletal N cuxvoTNTA
AELTOUPYLOC TOU KUKAWMOTOC META TN
ouvBeon;

process (clk) is
begin
if clk'event and clk="1" then
if reset ='1' then
q3<='0";q1<='0";92<="'0";
else
gql<=a;
g2<=b;
g3<=ql and g2;
end if;
end if;
end process;
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VHDL — AkoAouBiaka KukAwuata

[Mapadelyua
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VHDL — Variables

test_proc: process (clk) is
variable a: std_logic;
begin

if rising_edge(clk) then
if reset="1" then

reset

Out_1_reg

RST

clk

RTL_REG_SYNC

> Ouf_1

clk_IBUF_inst clk_IBUF_BUFG_inst
Out_1<='0'; ck [ > % ° %GO Out_1_reg
else o BUF >CE Out_1_OBUF_inst
o— . n_1_ NS M O
a:=ln_1; it o Q =
OUt_1<=a; IBUF
end |f; reset_IBUF_inst FDRE
. | o
end if; reset [ |

end process test_proc;
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VHDL — Variables

test_proc: process (clk) is

variable a: std_logic;
begin
if rising_edge(clk) then

if reset='1' then
Out_1<='0";

else
Out_1<=g;
a:=ln_1;

end if;
end if;

end process test_proc;
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VHDL — Assert

AkoAouBiaKkn Kal ouyxpovn eVToAr (ouvrnBwg evrog simulation)

EAEyxel eav pia ouvenkn givar aAnBdric. Eav AEN €ival aAnBA¢ TOTE TUTTWVEI Eva JRVUUQ.

assert <condition>;

assert <condition> severity <severity level>;

assert <condition> report <message_string>;

assert <condition> report <message_string> severity <severity level>;

condition_to check <= true;

assert condition_to_check = true report "Assertion failed! Condition is false." severity error;
-- If the assert passes, this line will be executed

report "Assertion passed! Condition is true." severity note;

Severity levels: note, warning, error, failure

Scalar type
assert i < 5 report "unexpected value. i =" & integer'image(i);

https://peterfab.com/ref/vhdl/vhdl_renerta/mobile/source/vhd00007.htm
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VHDL — Finite State Machines

e Xpnotlpormotlouvtal yla va UAOTIoL oouV Lo akoAouBia eAEyyxou
* Mia FSM (Finite-State Machine — Mnxawvn NenepacpeEvwy KaTtaoTtaoswv) opiletal
amno
— oUVOAO eloodwv: |
— oUvoAo g€odbwv: O
— oUVOAO KOTAOTAOEWV: S
— apxLkn kataotaon: sO avrikeL oto S
— ouvaptnon petafaong amod pia KATAoToon oTnNV EMOUEVN
— ouvaptnon £6bou
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VHDL - Finite State Machines

[eVIKO dlaypauua

State register

b a TPEXOUOCT KATAOTACT AOYIK
ETIOEVNG
reset — reset KATAOTACNG
dk — clk
AoyIKn .
, : —— £¢000I
gicodol -——| €800ou ¢
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VHDL — Finite State Machines

KwolikoTtroinon KataoTtaoewy

e Kwdikomolouvtal oto duadiko
— N kataotdoelg: xpetdlovtol TouvAaxitotov log2N bit
® H KWOLKOTIOLNEVN TIUA XPNOLUOTIOLETOL OTA KUKAWMOTA YLa TIC CUVAPTAOELS LeETABaong kot e€66ou
— n Kwdwomoinon ennpedlel TNV MOAUTTAOKOTNTA TOU KUKAWUOTOC
e Eival SuokoAo va Bpebet BEAtiotn kwdlkomoinon
— 1o epyaieia CAD cuviBwc kavouv tnv Kwdilkomoinon
¢ H kwdwomoinon one-hot douAeleL kaAd ota FPGA
e Juxva xpnotuormnoleital to 000...0 yia tnv Kataotaon adpavelog
— uN&evieL ToV KAaTOXWPNTH OTNV KOTAoTaon adpAaveLag
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VHDL — Finite State Machines

KwdikoTtroinon Karaotaoewyv - Type

e XPNOLUOTIOLOVUE EVOV TUTIO AmaplBunonc yLa Tig
TIMEC TWV KATOOTACEWV

— adnpnMEVo, £ToL anmodsUyou e va tpodlaypaloupe Thv
kKwdlKomolnon

type state_type is (zero, edge, one);
signal state_reg, state_next: state_type;




VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Moore
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Moore

library IEEE; begin
use IEEE.STD LOGIC_1164.ALL; -- Optional for synchronization. RESET case
- - INREG: process (CLK)
entity PATTERN_FSM is begin
Port ( CLK : in STD_LOGIC; if (CLK ="1" and CLK'event) then
RESET : in STD_LOGIC; / if (RESET ='1") then X_in <="1"; -- to trap state SO during reset
X :in STD_LOGIC; AOTIKH ywa else X_in <= X;
Y : out STD_LOGIC); RESET end if;
end PATTERN_FSM; end if;

end process;

architecture Behavioral of PATTERN_FSM is
-- Common process for all FSMs to create state register

-- state definition SYNC: process (CLK)
type FSM_states is (SO, S1, S2); begin
if (CLK ='1"and CLK'event) then
-- internal signals if (RESET ='1') then current_state <= SO;
signal current_state, next_state: FSM_states; else current_state <= next_state;
signal X_in : STD_LOGIC; -- Only when there is an INREG end if;
end if;

end process;
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Moore

-- Process to create next state logic and output logic NOTIKH ywt

ASYNC: process (current_state, X_in) -- Moore -
begin / E_OAO

e e whenS2=>Y<="1"
-- FSM t stat d tput initializat !
next state and output Inftiatization if (X_in ='0") then next_state <= S1;

next_state <= SO;
else next_state <= SO;
AOTIKH ywa end if;

Y<='0"
/ case current_state is = <— fail-safe behavi
, ,  whenS0=> EMOMENH KATAZTA2ZH ~ hal -sa: ehavior .
APX‘-Kr"I Tn if (X_in ='0") then next_state <= S1; \ \g o c.)t ere = next_state <= 50
OL TLHEG else next_state <= SO; end case;
. end process;
Reset end if;

when S1 =>
if (X_in="1") then next_state <=S2;
else next_state <= S1;
end if;

end Behavioral;
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VHDL - Finite State Machines

[Mapadeiyua — Avixveuon akoAouBiac 01 — Moore - RTL
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 — Moore - Synthesis
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Mealy

Mealy
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Moore

library IEEE; begin
use IEEE.STD_LOGIC_1164.ALL; -- Optional for sychronization
INREG: process (CLK)
entity PATTERN_FSM is begin
Port ( CLK : in STD_LOGIC; if (CLK ='1" and CLK'event) then
RESET : in STD_LOGIC; if (RESET ='1") then X_in <="'1"; -- to trap state SO during reset
X :in STD_LOGIC; else X_in<=X;
Y : out STD_LOGIC); end if;
end PATTERN_FSM; end if;

end process;

architecture Behavioral of PATTERN_FSM is
-- Common process for all FSMs to create state register

-- state definition SYNC: process (CLK)
type FSM_states is (SO, S1); begin
if (CLK ='1"and CLK'event) then
-- internal signals if (RESET ='1') then current_state <= SO;
signal current_state, next_state: FSM_states; else current_state <= next_state;
signal X_in : STD_LOGIC; -- Only when there is an INREG end if;
end if;

end process;
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VHDL — Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiag 01 - Mealy

-- Process to create next state logic and output logic
ASYNC: process (current_state, X_in) -- Moore
begin
-- FSM next state and output initialization

next_state <= SO;

-- fail-safe behavior
when others => next_state <= SO;
end case;

Y<="0
. end process;
case current_state is .
— end Behavioral;
when SO =>

if (X_in ='0') then next_state <=S1;
else next_state <= SO;

end if;
when S1 =>
if (X_in="1") then
next_state <= S0O; AOTIKH yia
Y<=1’; — _
else next_state <= S1; E=0AO
end if;
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VHDL - Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiac 01 — Moore — lNivakac AAnBeiacg

mmmmmmmmm
So 0 0 1 S,
So 0 0 1 0 0 So
S, 0 1 0 0 1 S,
S, 0 1 1 1 0 S,
S, 1 0 0 0 1 S,
S, 1 0 1 0 0 So
1 1 X 0 0 Se
A=1 X=1

X=0 X=1
+{ S1 " S2

\ x=0 _\
Y =

Y=0| x=0 |Y=0

reset=1

al
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VHDL — Finite State Machines

Mapadeiypa — Avixveuon akoAouBiac 01 — Moore — lNivakec AAnBeiag

Mivakec KARNAUGH

Snew(l) Snew(o) Y
0 0 0 0 1 0 00 0
01 o0 1 01 1 0 01 0
1 0 0 11 0 O 11 0
10 0 0 10 1 0 10 (@

Snewl1)= Seur(1)’ S, (0)Xin

cur cur

S, .,(0)=S., (1) Xin’+ S_, (1) S, (0) Xin’

cur cur cur

Y  =s_(1)s..(0)

cur cur
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VHDL - Finite State Machines

Mapadeiypa — Avixveuon akoAouBiac 01 — Moore — lNivakec AAnBeiag
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VHDL - Finite State Machines

[Mapadeiypa — Avixveuon akoAouBiac 01 — Moore — lNivakac AAnBeiacg
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AIOKOTITEC KAl ATTOKAUOWVIOUOC

Ou Slakormrec (switches) kat ot ieotikol dlakomteg (push-buttons) vntopEpouv anod KAuSdwviopo enadnc

— Xpelalovral repittou 10ms va otaBepotroinbouv

— Xpelaletal va anokAudwviocoupe (debounce) yia va amopuUyou e TI¢ PEVTLKEC EVEPYOTIOLOELG

« XpnNOIUOTToIoUME €va dIAKOTITN Hiag B€ong

* Kavoupe deypatoAnyia otnv elcodo oe Slaotrpata peyoaAutepa amo 1o Xpovo kKAudwviopou (>10ms)
2 TNV KApta Tou pyaoctnpiov onpaivel 100000 yxtuTtoug Tou poAoyLou.

* Avalntoupue OUO dladoxIKa dgiyuara Je TNV idla TIUN
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VHDL - ATTOKAUOWVIOUOC

Mapadeiyua (1/2)

Tibrary ieee; use ieee.std_logic_1164.all;

entity debouncer 1s

port ( clk, reset : in std_logic; -- clk frequency = 100MHz
pb : in std_logic;
pb_debounced : out std_logic );

end entity debouncer;

architecture rtl of debouncer is

signal countl1000000 : integer range 0 to 999999;
signal clk_100Hz : std_logic; --10ms

signal pb_sampled : std_logic:=‘0";

begin
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VHDL - ATTOKAUOWVIOUOC

Mapadeiyua (2/2)

div_100Hz :

begin

if reset = '1l' then
clk_100Hz <= '0’;
count500000 <= O;

process (clk, reset) is

elsif rising_edge(clk) then

if count1000000 =

countl1000000

clk_100Hz <=
else

countl1000000

clk_100Hz <=
end if;

end if;
end process div_100Hz;

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

999999 then
<= 0;
ll’;

<= count1000000 + 1;
IO’;

debounce_pb :
begin
if rising_edge(clk) then
if c1k_100Hz = '"1' then
if pb = pb_sampled then
pb_debounced <= pb;
end if;
pb_sampled <= pb;

process (clk) 1s

end if;
end if;

end process debounce_pb;

end architecture rtl;
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Harris: Napaypadol 3.4, 3.5 ko 4.6
Ashenden: Napaypadot 4.3 kat 4.4

Entionc oL ouvdeopoL:
https://stackoverflow.com/questions/21351273/is-it-possible-to-
synthesize-vhdl-code-with-variable-in-it

Assert kat Report: https://insights.sigasi.com/tech/vhdl-assert-and-
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