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VHDL — ETTavaAnweic

EvioAnl FOR

optional_label: for variable in range loop

sequential statements;
end loop;

Mavo péca
o€ Process foriin 0 to 2 loop

a_tb<=std_logic_vector(to_signed(i,a_tb'length));
forjin0to 2 loop

b_tb<=std _logic_vector(to_signed(j,a_tb'length));wait for 10ns;
end loop;

end loop; To for ekteAeital
OLKOAOUOLOKAL.

Mpénel va ekteAeOTEL
o€ £va KUKAO poAoyLoU

TMHMA
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VHDL — ETTavaAnweic

EvioArl FOR Generate

entity INV4 is
port (
X: in STD LOGIC VECTOR (0 to 3); optional_label: for variable in range generate
Y: out STD LOGIC VECTOR (0 to 3));
end INV4; - _ concurrent statements;
architecture INV4 STR1 of INV4 is end |00p;
component INV
port (O : out STD LOGIC; I : in STD LOGIC);
end component;
begin

Ektoc Process

UO: INV port map (

Ul: INV port map (Y (1), X(1));
(
(

Y (0), X(0)):

U2: INV port map
U3: INV port map
end INV4 STRI1;

Y(2), X(2));
Y(3), X(3));

Gl: for I in 0 to 3 generate
Ul: INV port map (Y (I), X(I)):
end generate G1;
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VHDL — ETTavaAnweic

EvtoAn While

while condition loop
sequential statements;
end loop;

process (A)

variable | : integer range 0 to 4;
begin

Z <="0000"1:=0;

while (I <= 3) loop

if (A=1)then
Z(I) <="14
end if;
[ :=1+1;
end loop;

end process;
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VHDL — Procedure

procedure procedure_name(input and output parameters) is
declarations
begin

sequential statementl;
sequential statement2;

end procedure;

https://www.ics.uci.edu/~jmoorkan/vhdlref/procedur.html

. TMHMA
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VHDL — Procedure

Ctr_tb<='0'; procedure sim_test is
foriin0 to 2 loop begin
a_tb<=std logic_vector(to_signed(i,a_tb'length));
forjin0to 2 loop foriin0 to 2 loop
b_tb<=std logic_vector(to_signed(j,a_tb'length));wait for 10ns;
end loop j;--end loop i; a_tb<=std logic_vector(to_signed(i,a_tb'length));
forjin0to 2 loop
Ctr_tb<="1"; b_tb<=std logic_vector(to_signed(j,a_tb'length));
foriin 0 to 2 loop wait for 10ns;
a_tb<=std logic_vector(to_signed(i,a_tb'length)); end loop;
forjin0to 2 loop
b_tb<=std logic_vector(to_signed(j,a_tb'length));wait for 10ns; end loop;
end loop ;
end loop; end procedure;

Ctr_tb<='0’;sim_test;
Ctr_tb<=1";sim_test;

. TMHMA
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VHDL — Procedure

Otav dev avadépetal TUTTOG EVVOELTAL
variable. Ze autn tnv nepintwon ta opiopata
TPETEL va elval otaBepéc N variables

procedure sim_test (min, max: in integer; step: in integer) is
variable a2: integer;

begin
foriin min to maxloop
a<=std_logic_vector(to_signed(i*step,a'length)); a, b éxouv oploTel eKTOC
fOl'j in min to max |00p procedure ko
b<=std_logic_vector(to_signed(j*step,a‘length));wait for 10 ns;  ¢yt4c tou process.
end loop;
end loop;

‘Otav o TUIocC ota oplopata elvat signal
TOTE KOl 6TA OPLOUATO 0TNV KARON TNC
procedure Oa npEMEL vaL UTTALPYOULV signal

end procedure;

Ctr<='0";sim_test(0,2,5);
Ctr<="1";sim_test(0,2,5);
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VHDL — Function

Function function_name(input parameters) return return_type is
declarations
begin

sequential statementl;
sequential statement2;

end function_name;

https://www.ics.uci.edu/~jmoorkan/vhdlref/function.html
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VHDL — Function

function BOOL_TO_SL(X : boolean) return std_logic is

begin
if X then
return '1’;
else
return '0";
end if;

end function BOOL_TO_SL;

std_logic_signal<=BOOL_TO_SL(X);
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VHDL — Generic

entity MUX2in1_nis

generic (WIDTH : positive := 8); -- mpoemAeyHEVN TIUA

port ( S:in STD_LOGIC;
AO: in STD_LOGIC_VECTOR (WIDTH-1 downto 0);
Al:in STD_LOGIC_VECTOR (WIDTH-1 downto 0);
Y: out STD_LOGIC_VECTOR (WIDTH-1 downto 0));

end MUX2in1_n;

architecture BEHAVIORAL of MUX2in1_nis Y_i
begin — =150 o770 |
process (A0, Al, S) Al | \| O[7:0]
begin S S=default  11[7:0] J
if (S="0') then AIEED) :>_I "’;T:RFTL_MUX
Y <= AO;
else S N
Y <=A1;
end if;

end process;
end BEHAVIORAL;
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VHDL — Generic

Nopapetpornoinon tov peyebouc piag aptnplog oe piat ovtotnta He tn dSnAwon tng
€VTOANC generic ovu opileL tnv otaBepa WIDTH
m H 6nAwon tng evtoAng generic yivetal mpv amno tn dnAwon twv ports otnv apxn tng
ovVTOTNTOG
m H otaBepa WIDTH eival Betikoc akEpaog (positive) Kot Pmopel va €XeL TPOETUAEYULEVN
TLN

— generic (WIDTH: positive := 8);
m H otaBepa WIDTH xpnowpomoteitat kata tn SnAwon tTwv ports

— STD_LOGIC_VECTOR (WIDTH-1 downto 0);
m H T tng otaBepac WIDTH pmopet va mapakappeL TNV MPOETUAEYUEVN TN UE TN
dpaon generic map (ouvdualetal pe to port map)

— generic map (WIDTH => 8)
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VHDL — Structural architecture

ALU 8bit ammd 2 ALU 1wV 4bit

MpocOeon AutAaolaopog
1001
4 bit +1101 4 bit 1001 & ‘0’
0110 Carry=1’ 0010 Carry="1’
_ 1=Carry in otn 2" ALU _ 1=Carry in otn 2" ALU
8 bit 0010 1001 o 8 bit 00101001 & ‘0"
+0101 1101~ Carry_in="0"1"ALU Carry_in="0" 1" ALU

--------------- 0101 0010  Carry_out="1" amo 1" ALU
1000 0110 Carry_out="1" amo 1" ALU

Carry_out=‘0" 2" ALU Carry_out=‘0" 2" ALU

. TMHMA
| E MAHPOGOPIKKE % Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2023-24 A.BacAémoulog 12




VHDL — Structural architecture

ALU 8bit ammd 2 ALU 1wV 4bit

A -4 bit

B -4 bit

Mo vo prmopecou e va cuvbuadooule 2 alu 4-bit Ba mpEmel var UmopECOULE

VO XELPLOTOUE TO carry

ALU

Result 4-bit

Carry 1-bit

Npwta 4 bit (3 downto 0)

. TMHMA
d | E MAHPO®OPIKHE 4
THAEMIKOINQNION

Carry_in 1-bit

A -4 bit

B -4 bit

ALU

Me KOKKLVO oL €€odoL
TNG OVIOTNTOC

Result 4-bit

Carry_out 1-bit

Entopeva 4 bit (7 downto 4)

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2023-24 A.BacAémoulog



VHDL — Structural architecture

ALU 8bit ammd 2 ALU 1wV 4bit

Carry_in =0f

A(3:0) -4 bit

B(3:0) -4 bit

. TMHMA
d | E MAHPO®OPIKHE 4
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ALU1
4-bit

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2023-24 A.BacAémoulog

Carry_out 1-bit Carry_in
Result (3:0) 4-bit A(7:4) -4 bit
B(7:4) -4 bit

ALU1
4-bit

Carry_out 1-bit

Result (7:4) 4-bit



VHDL — Structural architecture

ABpoioTAC 8bit atrd 2 aBpoloTéc Twv 4bit

ALU bit
Carry_next
Carry_in =0f Carry_out 1-bit Carry_in Carry_out 1-bit
. _ : ALUL  |Result (3:0) 4-bit . ALUL | Result (7:4) 4-bit
A(7:0) -8 bit | A(3:0) -4 bit . A(7:4) -4 bit -
4-bit 4-bit
B(7:0) -8 bit | B(3:0) -4 bit B(7:4) -4 bit
EowTtepKA onpata

- TMHMA ,
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VHDL — Structural architecture

ABpoioTtnc Pitmm¢ KpaTtoupévou Twyv 4 bit (for generate)

AG) B3) AQ)B(2) A1) B A(0) B(0)

COUT=C(4) C3) C(2) C(1) C(0)=CIN
3 2 1 0

RCADDER4

S@3) SQ2) S(1) S(0)

Ta op1l6vTIa cApaTa C(i) (i=0, ...4) opI{oVTAIl OV ECWTEPIKA CANAT

EnmavalapBavouevn xpnon Tou otoixeiou FULL_ADDER o€ pia mepiypagpy douAC

TMHMA
. NAHPOO®OPIKHE Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2023-24 A.BacAémmoulog
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VHDL — Structural architecture

ABpoioTAc Pittic KpaTtoupévou Twv 4 bi

t (for generate)

library IEEE: ry 1:Z
use IEEE.STD LOGIC 1164.ALL: use IEEE.STD LOGIC 1164.ALL;
: ftity RCADDER4 is nd '
ﬂ:tlt-,- FULL_ADDER is 15t Entity - Componenﬁ Port ( A : in STD LOGIC VECTOR (3 downto 5,2,. 2
port ( A, B, CIN: in STD LOGIC; B : in STD LOGIC VECTOR (3 downto 0);
SUM, CARRY: out S5TD_LCGIC): Cin : in STID LOGIC:
end FULL_ADDER; S : out STD LOGIC VECTOR (3 downto 0):
Cout : out STD LOGIC):
architecture FA DATAFLOW2 of FULL ADDER is end RCADDER4:
begin
SUM <= A xor B xor CIN: architecture Behavioral of RCADDER4 is
CARRY «= (A and B) or (A and CIN) or (B and CIN):
\\i?d Fﬁ_DﬁTﬁFLOWE: _“) signal C: STD LOGIC VECTOR (4 downteo 0); -- opLioviiLa onuoto
component FULL ADDER
port ( =
A, B, CIN: in 5TID LOGIC;
, , , , S5UM, CARRY: out STD LOGIC):;
210 LOLo apyxeio dnuioupyouvtal 2 OVTOTNTEC . e
, , egin
Ot erukedpaAidec emavalapfavovral. C(0) <= CIN;  -- apxixomoinen
Gl: for I in 0 to 3 generate

Ul:
end
COUT <=

Behavio

FULL ADDER port map (A(I),B(I),C(I),S(I),C(I+1)):

generate Gl;
ci(4): -- gvGBeon o onua efdsSou
ral;

TMHMA
NAHPO®OPIKHI 4
THAEMIKOINONION

EiE
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VHDL — KwoikoTroinon

* MNwc¢ avamnaplotoupe MAnpodopila e TEPLOCOTEPEC
arto SUo MBAVEC TLUEC;
— [oAATTAG QuadIKG orjpaTa (TTOAAATTAA bit)
* (a1, 30): (0, 0), (0, 1),(1,0), (1, 1)
— AUTOC gival Evagc OuadIKOC KwWAIKAC
— Ka0Be Ceuyocg TIHWV gival yia kwoikn A&én

Epyaotnplo Zxebiaon Wnoplakwv Zuotnuatwyv 2023-24 A.BactAOmoulog




VHDL — KwolikoTtroinon

Code Length
* Evac kwdikac Twv n bit €xel 2" KWOLKEC AeEeELC
* [a va avanapaotriooVpe N TIOOVEC TLUEC
— XPELA{OUOOTE TOUAQXLOTOV |_Iog2N_| bit yia tic A€l
— meplocotepa bit pmopouv va elval XpAOLUO OE KATIOLEC TIEPLUTTWOELG
* Mapadeyua: KWOLKAC EKTUTIWTA PEKATUOU
— Black, cyan, magenta, yellow, light cyan, light magenta
— €&l TLUEC, |_Iog26_| =3
— Black: (0, 0, 1), cyan : (0, 1, 0), magenta : (0, 1, 1),
yellow : (1, 0, 0), light cyan : (1, 0, 1), light magenta : (1, 1, O)

Epyaotnplo Zxebiaon Wnoplakwv Zuotnuatwyv 2023-24 A.BactAOmoulog



VHDL — KwolikoTtroinon

One Hot

e KaBe kwoikn Ag€n €xel akplBwc eva bit pe tnv tun 1

 Qwtewoc onpatodotnc:
— KOKKLWvo: (1,0,0), moptokaAi: (0,1,0), mpaowo: (0,0,1)
— TPELC AYWYOL ONUATWV: KOKKLVO, TIOPTOKAAL, TTpACLVO

e KabBe bit evoc kwbika one-hot avtloTtolel o€ pLat KwSLKOTIOLNUEVN TN
— Mnkoc kKwdka oo pe MANBoC Twv NMPoc Kwdikomolnon TIHwWV.

— OxL eAdXLOTO UAKOC

Epyaotnplo Zxebiaon Wnoplakwv Zuotnuatwyv 2023-24 A.BactAOmoulog



VHDL — KwolikoTtroinon

[Mapadeiyua (1/2)

* EAeyktnc dwtewou onuatodotn pe kwdika 1-hot
— enable = 1: lights_out = lights_in
— enable = 0: lights_out = (0, 0, 0)

Tibrary ieee; use ieee.std_logic_1164.all;
entity light_controller is
port ( Tights_in : in std_logic_vector(l to 3);
enable : in std_logic;
1ights_out : out std_logic_vector(l to 3) );

end entity light_controller;
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VHDL — KwolikoTtroinon

[Mapadeiyua (2/2)

architecture and_enable of

begin
lights_out (1) <= Tights_in(1) and
1ights_out(2) <= lights_in(2) and
1ights_out(3) <= lights_in(3) and

end architecture and_enable;

architecture conditional_enable of
begin
Tights_out <= 1lights_in when enable =

lIOOO" ;

end architecture conditional_enable;

Epyaotnplo Zxebiaon Wnoplakwv Zuotnuatwyv 2023-24 A.BactAOmoulog

Tight_controller 1is

enable;

enable;
enable;

lTight_controller 1is

'1l' else

‘\

or just When enable



VHDL — KwolikoTtroinon

Mapadeiyua (1/3) — KwdIKOTToINTAC TTPOTEPAIOTNTAC

« Eavmeploocotepecamno pia elcodoLunopeiva eival 1
— Kwdwomoloupe tnv eloodo mou elval l pe tnv ubnAotepn

MPOTEPALOTNTA
zone intruder_zone valid

W @G |@ | 6] | 6| @ (1) (0)

1 — — — — — — — 0 0 0 1
0 1 — - — - — — 0 0 1 1
0 0 1 - — - — — 0 1 0 1
0 0 0 1 — — — — 0 1 1 1
0 0 0 0 1 - — — 1 0 0 1
0 0 0 0 0 1 — — 1 0 1 1
0 0 0 0 0 0 1 — 1 1 0 1
0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 — — - 0

EHiE

NAHPO®OPIKHE 4
THAENIKOINONION
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VHDL — KwolikoTtroinon

Mapadeiyua (2/3) — KwdikotroiNntAg trpotepaidtnTac (1N

uAoTtroinon)

* NMapadeypo: AVTLKAETITLKO CUCTN O CUVAYEPLOU - KwSLKOTIOLEL

riola {wvn €xeL evepyomolnBel

— 8 bit ewgobdou: svac awoBntnpac vy kiaBe fwvn

— 3 bit €€660ou yia TNV Kwdkomoinon twv wvwv

library ieee;
use ieee.std_logic_1164.all;

entity alarm is

end entity alarm;

architecture egn of alarm 1is

begin
intruder_zone(2) <= zone(5) or zone(6) or
intruder_zone(l) <= zone(3) or zone(4) or
intruder_zone(0) <= zone(2) or zone(4) or

valid <= zone(l) or zone(2) or zone(3) or
or zone(6) or zone(7) or zone(8);

end architecture eqn;

zone(7)
zone(7)
zone(6)
zone(4)

ar
or
ar

or

port ( zone : in std_logic_vector (1 to B);
intruder_zone : out std_logic_vector(2 downto 0);
valid : out std_logic );

zone(8);
zone(8);
zone(8);

zone(5)

Zowvn | Kwdikr Agtn
Zone 1 0,0 0
Zone 2 0,0 1
Zone 3 0,1, 0
Zone4 0,1, 1
Zoneb5 1,0, 0
Zoneb 1,0, 1
Zone 7 1,1, 0
Zone 8 1,1, 1

. TMHMA
d | E MAHPO®OPIKHE 4
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VHDL — KwolikoTtroinon

Mapadeyua (3/3) — KwdikotroIiNTtAg TTpoTepaidTnTaC (2N

uAoTtroinon)

Conditional signal assignment
architecture priority_1l of alarm 1is //
begin

intruder_zone <= "000" when zone(l) = 'l' else
"001" when zone(2) = "1' else
"010" when zone(3) = "1' else
"01l1l" when zone(4) = "1' else
"100" when zone(5) = "1' else
"101" when zone(6) = "1' else
"110" when zone(7) = "1' else
"111" when zone(8) = "1' else

IIOOOII ;

valid <= zone(l) or zone(2) or zone(3) or zone(4)
or zone(5) or zone(6) or zone(7) or zone(8);

end architecture priority_1;

. TMHMA
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VHDL — AtToKkwoI1KoTToinon

A ——Pp 2 x4

- Decoder

—» D0

—» D1

D2
—P D3

. TMHMA
d I E MAHPO®OPIKHE 4
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e O amokwdLKOTIOLNTN G EEAYEL O OTA EAEYXOU QIO £Vl
SuadLKA KWOLKOTIOLNUEVO oA
— Eva oo ava kwdikn A&€n

— To ofua eA€yyou eivat 1 otav n elcodoc £xeL TNV avtiotoxn KwoLKN
AE€n, Stadopetika O
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VHDL — AtToKkwoI1KoTToinon

library ieee; use ieee.std_logic_1164.all;

entity decoderd 1is

port (a: in std_logic_wvector (1 dowrto 0O);
w: out std_logic_vector (3 dowrnto 0));

library ieee; use ieee.std_logic_1164.all;

entity decoder4 1is
port (a: in std_logic_vector(l downto 0);

v: out std_logic_vector(3 downto 0)); end entity decoders4 ;
end entity decoderd ; architecture case_arch of decoderd s
architecture sel_arch of decoder4 is begin
beqin process (a)
, For simulation, you don't want to begin
with a select y <= case a is

enumerateall 77 (81-4) meta-
"0001" when 00T, _ : nAaT o _ o
) ) o values of std_logic.. when ”Dﬂ“ =¥ “DDDIH=
0010" when "017", . synthesis, it is ignored... when “Dl“ == ¥Y== “mm“’
"0100" when "10", when "10" == y<= "0100";
“lDDD” men ||ll|| / 'HI"I'ETI “ll“ =7 }'r{= “lDDD“;

. . when others = y<= "0000";
0oo0" when others;

end case;
end SE-l_a]"Eh . end process;
1.,‘ end case_arch; \
Selected signal assignment Combinational Process with Case Statement

. TMHMA
| E NAHPOO®OPIKHE Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2023-24 A.BacAémmoulog 27

THAENIKOINONION




VHDL — AtToKkwoI1KoTToinon

[Mapadeiyua (1/2)

* Anokwodwkomolel tov kwdika BCD (binary coded decimal) yia
va odnynoeLuia 08ovn (LED i LCD) 7 Tpnpatwy
— Tpnupata: (g, f e, d, ¢, b, a)

o 4 d g8 8

a

(D,
fﬁg Uh 0111111 0000110 1011011 1001111 1100110
< 2

.- 5 8§ 73 8 8

1101101 1111101 0000111 1111111 1101111
* Kwdwkac BCD: Auadika kwdikomotnpevol dekadLkotl

— Kwbdwkac 4 bit yia ta dekadkd Pndia
0: 0000 | 1: 0001 | 2: 0010 | 3: 0011 | 4: 0100
5: 0101 | 6: 0110 | 7: 0111 | 8: 1000 | 9: 1001

. TMHMA
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VHDL — AtToKkwoI1KoTToinon

[Mapadeiyua (2/2)

entity seven_seg_decoder is

blank : in std_logic:

end entity seven_seg_decoder;

library ieee; use ieee.std_logic_1164.all;

port ( bcd : in std_logic_vector (3 downto 0);

seq : out std_logic_vector (7 downto 1) );

begin
with bcd select
seg_tmp <= "0111111" when "0000",

"0000110" when "0001", -
"1011011" when "0010",
"1001111" when "0011",

"1101111" when "1001",

end architecture behavior;

"1000000" when others; --
seg <= "0000000" when blank = '1" else seg_tmp;

architecture behavior of seven_seg_decoder 1is
signal seg_tmp : std_logic_vector (7 downto 1);

0
1
2
3

9

Selected signal assignm

/

ent

THAENIKOINONION
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VHDL — AkoAouBiaka KukAwuata

* AKOAOUBLAKA KUKAWMATO
— O e€odol e€apTwvTal Ao TIC TPEXOVUTEC KAL OO TLC
TPONYOUUEVEC EL0OO0UC
— AnoBnkeuon kataotaonc (state): pLa adaipeon Tou
LOTOPLKOU TWV EL0OO WV

* JUVNOWC, EAEYXETOL ATTO oNpa poAoyLou (clock)

3 Block
C LK *  AOYLKN EMOUEVNC KATAOTANG
k next | k N (ouvduaoTKd)
' state state | output Kataywpntig katdotacng
InPUtS 7 7 OUtPUtS * Noywn g€660u (cuvduaoTLko)

logic

. TMHMA
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop

« XTolelo amoBnkevonc tou 1 bit
« AM\ot tumol flip-flop

— JK, T (toggle)
entity dff is
port ( clk,d : in std_logic; D
q : out std_logic);
end entity;
architecture beh of dff 1is > clk
begin
process (clk)«— Movo to clk oto sensitjvity list
begin
if clk’event and clk = ‘1’ then clk
q <= d; |
end if; D| | |
end process; ]
end beh; Q —

TMHMA
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop with Enable

* H amoBpkeuon eAéyxetat amod tnv enitpedn (clock-enable)
— AmoBnkevel povo otav CE = 1 o pa avodik akpr pohoylov
* To CE eival pia cuyyxpovn eicodog eAéyxou

EHie

TMHMA
NAHPO®OPIKHI 4
THAEMIKOINONION

entity dff_en is

port ( clk : in std_logic;
ce - in std_logic;
d :in std_logic;
q : out std_logic);
end dff_en ;
architecture beh of dff_en 1is
begin
process (clk)
begin

if clk'event and clk="'1" then
if ce="1" then
q <= d;
end 1T;
end iT;
end process;
end beh;

clk
CE

D

Q

—1> clk

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2023-24 A.BacAémoulog
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop with Reset (cuyxpovo)

* Heiocodoc undevicuou (reset) Betel tnv amoBnkevpévn tiun oto 0
— n eloodoc reset MpemeL va elval otaBepn yUpw armo TV avodikn akpn tou clk

entity dff_en_reset 1is
port ( clk : in std_logic; 1D Ql—
ce,reset : in std_logic;
d : in std_logic; — CE
q : out std_logic); ]
end dff_en ; reset
architecture beh of dff_en_reset is —p> clk
begin
process (clk)
begin
if clk'event and clk="1" then clk
if reset = "1"'" then
q <= "'0"; reset
elsif ce = '1' then CE
q <= d;
end 1if; D
end if;
end process;
end beh;

. TMHMA
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop with Reset (acuyxpovo)

* Helooboc undeviopou (reset) Bétel Tnv amoBnkeupévn T oto O
— 710 reset pmopei va yivel 1 omoladimote oTypn, Kl TO anmoTeAsopa sival dpeco

— 1o ouumepltAappavoupe otn Aota svawBnolac (n diepyaola avTUmokKpveTaL dueoa os alhayn)

entity dff_en_areset 1is

port ( clk : in std_logic;
ce,reset : in std_logic; ] |
d : in std_logic; D Q
q : out std_logic); —{ CE
end dff_en ; ]
architecture beh of dff_en_areset 1is reset
begin —1> clk
process (clk, reset)
begin 1 2 3 4 5 6 7 8

if reset = '1' then -
. clk_l_l_(_\_l_\_(_l_lw
q <= 0 ' i ] o

elsif clk'event and clk="1" then (eset| [T L_| 71 L LT
if ce = '"1' then I I | |
q <= d; el ML L T
end if; | | | |
end if: oI LI b [h——
end process; QL. I_L ' !__ | JES
end beh; i — 7 | —

Y

. TMHMA
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VHDL — AkoAouBiaka KukAwuata

Karaxwpntég (D Flip Flop pe aocuyxpovo reset)

AmoBnkevuouv pia TR moAAamAwy bit

— 'Eva flip-flop D ava bit entity reg_reset is
— Anautel aAdayn oto array port (clk, reset: in std_logic;
data type d: in std_logic_vector(7 downto 0);
+ std_logic_vector q: out std_logic_vector(7 downto 0)
);
d(0) D qf—a(0) end reg_reset;
—F clk
architecture beh of reg_reset is
d(1) D Q q(1) begin o o T
- T process (clk,reset) E_l.'fH_m"!'luk'}"'u'[t'“{'t v
begin ol ato O
if (reset="1"') then
d(n) b al—qm) q <= (others=>'0");
clk L ik elsif (clk'event and clk="1") then
q <= d;
end if;
n n end process;
'—le Q= end beh;
i

- TMHMA
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VHDL — AkoAouBiaka KukAwuata

Pipelines (dloxeTteuon)

2uvoAwkn kaBuotepnon = Delay, + Delay, + Delay,

Alaotnua petafl Twv e€08wv > LUVOALKH KaBuoTépnon

TUVOL- guvaLa- oUVOL-
d_in OTIKD OTIKO OTIKO d_out
wochopa 1 KUK KoKAGpa 3

rz‘ clk
clk *

Neplodog pohoylou = max(Delay,, Delay,, Delay;)
2uvoAwkn kaBuotepnon = 3 x meplodoc poAoyLou

Qpb—d out

Aldotnpua petafl twyv e€0dwv = 1 nepiodoc poloylou

. TMHMA
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VHDL — AkoAouBiaka KukAwuata

2. UOOWPEUTNG (accumulator 1/2)

* ABpolote pLa akoAouBia MPOCNUACUEVWY OPLOUWV
— Evac véoc aplBuoc pBavel otav data_en =1

— Mndeviote To aBpoloua e cuyyxpovo reset

Tibrary 1ieee;
use ieee.std_logic_1164.all, ieee.numeric_std.all;

entity accumulator 1is

port ( clk, reset, data_en : 1in std_logic;
data_1in : 1n signed(1l5 downto 0);
data_out : out signed(19 downto 0) );

end entity accumulator;
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VHDL — AkoAouBiaka KukAwuata

2 UOOWPEUTNG (accumulator 2/2)

architecture rtl of accumulator is
signal sum, new_sum : signed(l9 downto 0);
begin
new_sum <= sum + resize(data_in, sum'length);
reg: process (clk) 1s

begin
1T rising_edge(clk) then
if reset = "1' then
sum <= (others => '0');
elsif data_en = "1" then
sum <= new_sum;
end iT;
end if;

end process reg;
data_out <= sum;
end architecture rtil;

. TMHMA
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VHDL — AkoAouBiaka KukAwuata

OANioOnTéc (shift registers 1/3)

ExteAouv oAloBnon (shift) ota anmoBnkevpeva dedoueva

— Zelplakn petadopa SeSopevwy

Kataxwpntng oAloBnong twv 8 bit pe acuyxpovn eicodo reset,
oelplakn elcodo kot mapaAAnAn €€odo

entity sreg® 1is
port (clk, reset: in bit;

sin > in bit;
dout : out bit_vector(7 downto 0));
end entity;

architecture bef of sreg8 1is
signal shift_reg : bit_vector(7 downto 0);
begin

dout <= shift_reqg;

process (clk, reset)

end process;
end architecture;

. TMHMA
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VHDL — AkoAouBiaka KukAwuata

OANioOnTéc (shift registers 2/3)

EHie

TMHMA
NAHPO®OPIKHE 4
THAEMIKOINONION

YAormoinaon pe array slices

process (clk, reset)
begin
if reset = '1' then
shift_reg <= (others = '0');
elsif clk'event and clk = "1" then
shift_reg(7 downto 1) <= shift_reg(6 downto 0);
shift_reg(0) <= sin;
end if;
end process;

YAomolinon pe array concatenation

process (clk, reset)
begin
if reset = '1' then
shift_reg <= (others => '0');
elsif clk'event and clk = "1' then
shift_reg <= shift_reg(6 downto 0) & sin;
end if;
end process;
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VHDL — AkoAouBiaka KukAwuata

OANioOnTéc (shift registers 3/3)

EHie

TMHMA
NAHPO®OPIKHE 4
IIIIIIIIIIIIIII

* YAormoinon ue for-loop

process (clk, reset)
begin
if reset = '1' then
shift_reg <= (others => '0');
elsif clk'event and clk = "1" then
for i in 7 downto 1 loop
shift_reg(i) <= shift_reg(i-1);
end loop;
shift_reg(0) <= sin;
end if;
end process;
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VHDL — AkoAouBiaka KukAwuata

MeTpnTEG (Ccounters)
* AmoBOnKeUOUV TNV TLUN EVOC AMPOCNHUOU aKEPALOU
— auéavouv N LELWVOUV TNV TLUN
* XPNOLUOTOLOUVTOL YL VO LETPAVE TTOOEC DOPEC:
— £YOouV CUMPEL KaroLa yeyovota
— gxeL emavaAndBel eva Brpa emeepyaoiac
* XpnOolUomoLoUVToL WC XPOVOUETPNTEC (timers)

— HETPAVE TTOOA XPOVLKA OLAOTNMOTO EXOUV TIEPACEL KABWC
avéavovtal TtepLodLKaA
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VHDL — AkoAouBiaka KukAwuata

MeTpnNTEC AOUYXPOVOI

EHie

TMHMA
NAHPO®OPIKHE 4
THAEMIKOINONION

Tibrary ieee;
use jeee.std_logic_1164.al11, ieee.numeric_std.all;
entity counterd is

port (clk, reset : in std_logic;

count : out std_logic(3 downto 0);
end entity;

architecture beh of counterd is
signal counter : unsigned(3 downto 0);
begin
count == std_logic_vector(counter);
process (clk, reset)

begin
if reset = ‘1" then
counter <= (others => "0"');
elsif clk’event and clk = ‘1" then

if counter = 15 then
counter <= (others == "0');
eglse
counter <= counter + 1;
end if;
end if;

end process;

end architecture;
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VHDL — AkoAouBiaka KukAwuata

AekadIko¢ MeTpnTng

library ieee; use ieee.std_logic_1164.all, ieee.numeric_std.all;

entity decade_counter is
port ( clk : in std_Tlogic; q : out std_logic_vector(3 downto 0) );
end entity decade_counter;

architecture rtl of decade_counter 1is
signal count_value : unsigned(3 downto 0);
begin

count : process (clk) ids
begin
it rising_edge(clk) then
count_value <= (count_value + 1) mod 10;
end if;
end process count;

q <= std_logic_vector(count_value);
end architecture rtl;

THAENIKOINONION
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VHDL — AkoAouBiaka KukAwuata

[1€p100IKO oNua eAEyxOU

library ieee; use ieee.std_logic_1164.all, ieee.numeric_std.all;

entity decoded_counter 1is
port ( clk : in std_logic; ctrl : out std_logic );
end entity decoded_counter;

architecture rtl of decoded_counter 1is
signal count_value : unsigned(3 downto 0);
begin

counter : process (clk) 1is
begin
if rising_edge(clk) then
count_value <= count_value + 1;
end if;
end process counter;

ctrl == '"1" when count_value = "0111" or count_value = "1011" else '0';
end architecture rtil;

THAENIKOINONION
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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
g<='0';g1<='0";q2<="'0";
else
gql<=a;
g2<=b;
g<=qgl and g2;
end if;
end if;
end process;

. TMHMA
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VHDL — AkoAouBiaka KukAwuata

[Mapadelyua

reset w
q1_reg
RST
clk p = C
Q
a h D
RTL REG_SYNC q_reg
RST
= C

ol

RTL_REG SYNC

o
IP\J
©
[{=]
=
@]

> C RTL_AND

RTL_REG SYNC
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[1epiAnwn

 For/For Generate

* Procedure/Function

* @Generic

* Kwdwomoinon/Anokwdikomoinon

e AxkoAouBLaka KuKAwpoTa

 Accumulator, counter, shifter,

 Conditional Statements

* Awafalete ¢ mapaypadouc 2.2,2.3.1,2.4,4.1, 4.2, 4.3 (Bewpia kat VHDL)
amno Ashenden kat 2.8.2, 4.4, 4.7.2, 4.8, 4.9 (OXI to koppatt tng VERILOG)
arto to BLBAlo Twv Harris.
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