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VHDL — KwoikoTroinon

* NMwc¢ avamnaplotoupe MAnpodopila pe TTEPLOCOTEPEC
arto dUo 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
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VHDL — KwolikoTtroinon

Example: 4-to-2 Binary Encoder — Logic Synthesis by Hand
The block diagram and truth table for this system are as follows:

A B CDI|YZ L

— A | 0 00 1]00 D =>"00"
— B Y C=="01
00 4 0101  d DL

— C Z— 01 0010 B =>"10
—D 1 9 0 0] 4 A=>"11"

When designing this circuit, each output needs to have its own separate combinational
logic circuit. When constructing the K-maps for Y and Z, each will have 4-inputs (A, B, C,
D). The output values for many of the input codes are not specified in the above truth
table. As such, we can use Don't Cares (X) to simplify the logic.

AB Y AB rA
C DN\ 00 2: &1\112 CD\ 00 01 11 10
00| X ; 00| X [0 [’X |1
010 X [’X [ 010 xlg(xx
11Lxxxix—bY=A+B 11fX'XXR‘ -+ Z=A+C
10['0 [X [ X/ 10/ XXX
decoder_1hot_2to4 - Timing Waveform
. N [
A B ;
B ] BD—— Y B [ -
C )
D A C I [ 1 "
\ : e o L.

Y&Z 00" [*01" [ *10” | 117
4 i i ¢ o

A
Notice that D is not used.
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VHDL — KwolikoTtroinon

Code Length
* Evac kwdikac Twv n bit €xel 2" KWOLKEC Ae€eLC
* [a va avamnapaotriooupe N TIOOVEC TLUEC
— XPELA{OUOOTE TOUAQXLOTOV |_Iog2N_| bit yia tic A€l
— TMEPLOCOTEPA bit prmopouv va eivoll XpAOLUOL O€ KATIOLEC TIEPLITTWOELG
* NMapadeyua: KwOLKAC EKTUTIWTA PeEKATUOU
— 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)
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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, TTOPTOKAAL, TTpACLVO

* KabBe bit evoc kwbika one-hot aviloTolel o€ pLat KwSIKOTIOLNUEVN TN
— Mnkoc kKwdka oo pe MANBoC Twv NMPoc Kwdikomolnon TIHwWV.

— Aev €XEL EAAXLOTO UNKOC
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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;

Epyaotriplo Space Data Systems 2025-26 A.BaciAomoulog




VHDL — KwolikoTtroinon

[Mapadeiyua (2/2)

architecture and_enable of light_controller is
begin
Tights_out (1) <= lights_in(1) ~ and enable;
Tights_out(2) <= lights_in(2) and enable;
1ights_out(3) <= Tlights_in(3) ~ and enable;
end architecture and_enable;
architecture conditional_enable of light_controller is
begin
l1ights_out <= lights_in when enable = '1' else

"OOO" ; \

end architecture conditional_enable; or just when enable

Epyaotriplo Space Data Systems 2025-26 A.BaciAomoulog




VHDL — KwolikoTtroinon

[Mapadeiypa KwdikoTtroinTr¢ TrpotepaiotnTac (1/3)

* Eavmeploootepecano pia elcodoLunopeiva eival 1
— Kwoékomoloupe tnv eicodo ou elvat 1 pe tnv uPnAotepn

MPOTEPALOTNTA
zone intruder_zone valid

@G |&@ | 066 &6 @2 (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 0 1
0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 - — — 0

. TMHMA
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Juvayepuoc: 8 eloodol aviyveuong
(8 atoBntnpeg, €vag ava elcodo).
YTApYXouV MPOTEPALOTNTEC OTLC
geloodouc (m.x. mopta otkiag VS
gEwrmopta KATOU).

— 8 bit ewoobow: évac awoBntipac ywa kabe {wvn
— 3 bit e£d6dov ywa tnv kwdikomoinon Twv Jwvwy



VHDL — KwolikoTtroinon

[Mapadeiypa KwdikotroiNTtAG trpotepalotntag (1" uAotroinan) (2/3)

* Mapadeypo: AVTLKAETTTLKO GUCGTH O CUVOYEPLOU - Kw S LKOTIOLEL

rola {wvn €xeLevepyomolnBel Zown | KoDIKA AZEN
— 8bit swoodou: évac awoBnmipac v kdBe fwvn Zone 1 0,0,0
— 3 bit ££660v yua TNV Kwdikomoinon twv fwvwv Zone 2 0,01
Tibrary ieee; Zone 3 0,1, 0
use ieee.std_logic_1164.all; 7one 4 0,1, 1
entity alarm is 7one s 100

port ( zone : in std_Tlogic_vector (1 to 8&); r

intruder_zone : out std_logic_vector(2 downto 0); Zone b 1,0, 1
valid : out std_logic ); Zone 7 11,0

end entity alarm;

fone 8 1,1, 1

architecture eqn of alarm 1is
begin
intruder_zone(2) <= zone(5) or zone(b) or zone(7) or zone(8); T

intruder_zone(l) <= zone(3) or zone(4) or zone(/) or zone(8); intruder_zone
intruder_zone(0) <= zone(2) or zone(4) or zone(6) or zone(8):

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 eqn;
. TMHMA ; ;
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VHDL — KwolikoTtroinon

[Mapadeiypa KwdIkoTroIiNTAG TTpoTepaloTnTag (2" uAotroinan) (3/3)

Conditional signal assignment

architecture priority_1l of alarm 1is //
begin
intruder_zone <= "000" when zone(l) = '1l' else
"001" when zone(2) = '1' else
"010" when zone(3) = "'1' else
"01l1" when zone(4) = '1l' else
"100" when zone(5) = '1' else
"101" when zone(6) = '1l' else
"110" when zone(7) = '1l' 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
— D3
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e O amokwdLKOTIOLNTN G EEAYEL ONHATA EAEYXOU QIO £Vl
SuadLKA KWOLKOTIOLNUEVO oA
— Eva onua ava kwdikn A£€n

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

One Hot Decoder (2 cicodol — 4 £€¢odol)

library IEEE; use IEEE.STD_LOGIC_1164.ALL;

entity decoder_2to4 is library IEEE; use IEEE.STD_LOGIC_1164.ALL;
Port ( entity decoder_2to4 is
input : in STD_LOGIC_VECTOR(1 downto 0); Port (
output : out STD_LOGIC_VECTOR(3 downto 0)); input :in STD_LOGIC_VECTOR(1 downto 0); -- 2-bit input
end decoder_2to4; output : out STD_LOGIC_VECTOR(3 downto 0) -- 4-bit
output);
architecture Behavioral of decoder_2to4 is end decoder 2to4;
begin B
process(input) is architecture Dataflow of decoder_2to4 is

begin begin

output <= "0001" when input = "00" else
"0010" when input = "01" else
"0100" when input = "10" else

case input is

when "00" => output <= "0001";
when "01" => output <= "0010";
when "10" => output <= "0100";

When ||11u => Output <= "1000"; "1000" When |nput = "11" else
when others => output <= "0000"; -- Default case "0000"; -- Default case
end case; end Dataflow;

end process;
end Behavioral;

. TMHMA , '
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VHDL — AtToKkwoI1KoTToinon

[Mapadeiyua (1/2)

* Amnokwdikomotlei tov kwdika BCD (binary coded decimal) yiwa
va odnynoeL e 08ovn (LED i LCD) 7 THnpATwy
— Tunpata: (g, f, e d, c, b, a)

2 q 8 q

G 8 g L /I

fﬁ g Uh 0111111 0000110 1011011 1001111 1100110
>

.- 5 8§ 3 8 8

1101101 1111101 0000111 1111111 1101111
* Kwbwkac BCD: Avadika kwdikomotnpevol dekadikotl

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

THAENIKOINQNION
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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 is
signal seg_tmp : std_logic_vector (7 downto 1);

0
1
2
3

9

Selected signal assignm

/

ent

THAENIKOINQNION
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VHDL - Extra Packages

Apxeia

library STD;
use STD.textio.all
Reading and writing types: bit, bit_vector, integer, character,

string Xpewtaovral Ko ta 2 TTaKETA.
Aev eival synthesizable
library IEEE; Movo o€ mpocopoiwaon

use IEEE.std_logic_textio.all
Reading and writing types: std_logic, std_logic_vector

Opilovtat V0 véoL TuTtoL yLa TNV aAAnAemtibpaon pe apyela: files, lines

. TMHMA , '
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VHDL — Package textio

Type : file

file file_handle : <file_type> open <file_mode> is <"filename">;

file Fout: TEXT open WRITE_MODE is "output_file.txt"; H &dnAwon yilvetal og process avAUECA OTO
file Fin: TEXT open READ_MODE is "input_file.txt"; is koL To begin.
STD.textio.ALL
<file_type>: Neplypddel tnv mAnpodopia mou TEPLEXEL TO aApXELO.
TEXT: NepLexel akoAoubia xopaKTApwy
INTF: Mepléxel mMpoonUOoUEVOUC aplOpoUC Twy 32bit

i E RAHPOGOPIKHE 4 Epyaotriplo Space Data Systems 2025-26 A.BaotAOrtoulog
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VHDL — Package textio

Type : line

AmtoBnkevel pia ypapupn mou dtaBalouvpe ano Eva apxeio A pLa
ypaupun mou B€Aoupe va ypadoupe os apyeio. Eivat variable kat
oxL signal ylati B€Aovpe n evioAn va ekteAeoTel dpeoa.

variable <line_variable_name> : line;

AUo ouvaptnoelg yia petadopd Sedopevwy
readline(<file_handle>, <line_variable_name>);

writeline(<file_handle>, <line_variable_name>); AdBaciio/eyypadn ano/oe apyeio

writeline(OUTPUT, <line_variable_name>); OUTPUT: Asopeupévo <file handler) yia to STD_OUT tou
urtoAoylotn (otnv nepimtwon pag Tel Console)

Ot ypappéc Stapfalovtal (readline) n pia petda tnv aAAn ostplakd. Mpwta n 1" ypappn, votepa n 2", KAT,
HUEXPL VOl GTACOUE 0TO TENOC TOU apxeiou. Auto to Bplokoupe pe tn ouvaptnon endfile() mou emotpédel
true av eipoote oto tEAOC Tou apxeiou. H readline Stafdlel tnv EMOMEVN YpOLLUN.

Me tn writeline mpocO£tou e ypaUUEC CELPLAKA OTO apXEio.

. TMHMA , '
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VHDL — Package textio

Type : line

AUo ouvaptnoelg ywa va Stadooupe (read) Ta meplexopeva pLag ypopUpng petadopd dedopévwy n
BaAoupe debopéva (write) oe pa ypappun.

read(<line_variable_name>, <destination_variable>);

write(<line_variable_name>, <source_variable>);

Read

OL ypappeg Bewpouvtal we space-delimeted, SnAadn péxpL va Bpebel kevo Bewpeital pia TLun. Av .. pia
YPOLLUN EXEL TPELC TLUEC std_logic_vector, Ba tpEmel va XpnOLUOTIOLCOUE TPELC POpPEC TN read. H
<destination_variable> Ba npénel va eival idlov tumou Kal peyEBouc pe tnv mAnpodopia mou uTtapxEL 0TN
YPOLLUN TOU apXEeilov.

Write

H <source_variable> Bewpeitat otL eival tuTou bit, bit_vector, integer, std_logic, i std_logic_vector. Av
B€Aoupe va ypaou e string Ba PETMEL vaL XPNOLUOTIOL\OOUE T ouvaptnon string: string’ <“characters. . .”>.

Y€ pLOL YPOUUA MTtopEl va uTtdpyouv dedopeva SladopeTIKWY TUTTWV

. TMHMA , '
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VHDL — AkoAouBiaka KukAwuata

* OLe€obolL Q, (tiun €§0dou tn xpovikn oTyun t) Twv akoAouBLakwv KUKAWRATWY
g€opTwvTaL OXL LOVO OO TLC TPEXOUOEC TLUEC TWV EL0OOWV, OAAA KAl ATtO TLG
TPONYOUMEVEG TIHEG TwV 600wV Q, ; 2TO KUKAWUA aUTO gpdavileTol WG

avadpoaon

* ‘Exouv pvnun (kataotaon-state). Mo N amoBnkKeUUEVEC KATOOTACELS TO KUKAW L

xpetaletal amo log,N €wg kat N bit.

e OLe€obol eival cuvaptnon Twv LCOOWV KoL TNC AmoBNKEVUEVNC KATAOTACNC.
e JuvnOwc umapyel poAotl CLK

M

iInputs

next
If state

CLK
|

K

£

state

7

. TMHMA
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output
logic

N
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3 Block
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(ouvbuaotiko)
Katoxwpntng KAtaotaong
Noykn €€66ou (ouvduaoTiko)



VHDL — 20yxpova AkoAouBiaka KukAwuaTa

D Flip Flop

Eic

* YTOolelo amoBnkevonc tou 1 bit

« AA\ot tumtol flip-flop
— JK, T (toggle)

entity dff is
port ( clk,d : in std_logic;

q : out std_logic);
end entity;

architecture beh of dff is
begin
process (clk)«— Movo 1o clk oto sensit
begin
if clk’event and clk = ‘1’ then

q <= d;
end if;
end process;
end beh;

vity list

D

> clk

Q

clk

D ||

Q

NAHPO®OPIKHE +
THAENIKOINQNION
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VHDL — AkoAouBiaka KukAwuata

S-R Latch (1" ékdoon)

library IEEE; architecture Behavioral of sr_latch is ni_vaKag AAﬁBElaC
use IEEE.STD_LOGIC_1164.ALL; begin N
B - process(S, R) S R Q Q
begin
entity sr_latch is £S5 ='1'and R = '0' then 0 Qprev Qprev
Port ( Q<='"1" 0 1 0 1
S:in STD_LOGIC; --Setinput I%ns<="09'; R 1 0 1 0
. . : elsif S='0'andR = en
R:in STD_LOGIC; Reset input Q<= 0" 1 1 0 0
Q:out STD_LOGIC; --Qoutput Qn <= '1"
Qn : out STD_LOGIC -- Q' (complement of Q) output elsif S="0"and R ='0"' then -- No action, keep values
); R Q else -- Invalid state (S="'1'and R="1")
end sr_latch; T Q<=‘0'; -- Intermediate state
Qn <= lol;
end if;

end process;

o end Behavioral;
S p’ ¢

. TMHMA , '
I E NAHPO®OPIKHE 4 Epyaotriplo Space Data Systems 2025-26 A.Bao\omoulog

THAENIKOINQNION




VHDL — AkoAouBiaka KukAwuata

S-R Latch (2" ékdoon)

library IEEE; architecture Dataflow of sr_latch is

use IEEE.STD_LOGIC_1164.ALL;
signal Q_in :STD_LOGIC:='0"; -- Internal feedback for Q

entity sr_latch is signal Qn_in : STD_LOGIC :="'1"; -- Internal feedback for Q’
Port ( -
S:in STD_LOGIC; --Setinput begin |
R:in STD_LOGIC; -- Reset input -- Concurrent feedback logic

Q_in <=not (Ror Q_in); -- Qfeedback

Q:outSTD_LOGIC; --Qoutput Qn_in <= not (S or Qn_in); -- Q' feedback

Qn : out STD_LOGIC --Q'(complement of Q) output

)(; . R D. Q -- Map internal signals to outputs
end sr_latch; Qin Q<=Q_in;
Qn<=Qn_in;
P
= end Dataflow;
S D' @

. TMHMA , '
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VHDL — AkoAouBiaka KukAwuata

D Latch

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
entity d_latch is
Port (
D:in STD _LOGIC; --Datainput
CLK : in STD_LOGIC; -- Clock input
Q:out STD_LOGIC; --Output
Qn : out STD_LOGIC -- Complementary output

);

end d_latch;
CLK D|D S R|Q @
0 X X 0 0 Qprev Qprev
1 0 1 0 1 0 1
1 1 0 1 0 1 0

. TMHMA
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architecture Behavioral of d_latch is
signal Q_next : STD_LOGIC :='0"; -- Internal signal for Q
begin
-- Latch behavior with concurrent assignments
Q_next <= D when CLK ="'1" else
Q_next;
Q <= Q_next;
Qn <= not Q_next;
end Behavioral;

-- Assign internal signal to Q
-- Complementary output

CLK

— R A
%S}R A= Qpres
S

]
|
Q|
[l
S
T
G
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VHDL — AkoAouBiaka KukAwuata

D Flip Flop

Y& 0Aoug touc VHDL
compiler Snuloupyel
F/F.

Aev xpelaletal else,
Bewpel otL av dev
EXOUUE avOOSLKN aKUn
tou clk kpatad tnv
TIPONYOUUEVN TLUA

e XTOlelo amoBnkevonc tou 1

« AA\ot tumtol flip-flop
— JK, T (toggle)

entity dff is
port ( clk,d : in std_logic;
q : out std_logic);
end entity;
architecture beh of dff 1is
begin
process (clk)«— Movo 1o clk oto sensit
begin
if clk’event and clk = ‘1" then
q <= d;
end if;
end process;
end beh;

. TMHMA
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bit

vity list

clk
D

Q

D

> clk

Q
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VHDL — 20yxpova AkoAouBiaka KukAwuaTa

D Flip Flop with Enable

* H amoBfkeuon eAéyxetal anod v enitpedn (clock-enable)
— AmoBnkeUeL povo otav CE = 1 ge pia avodiki akpr) poloylou

* To CE eival pia ocuyyxpovn eicodoc eAéyyou

entity dff_en is

port ( clk : in std_logic;
ce :in std_logic; —D QFH
d :in std_logic;
q : out std_logic); —|CE
end dff_en ; —r>clk
architecture beh of dff_en is
begin

Yuyxpovo: Mpwta EAeYXOC

process (clk)

yla to clock begin
T if clk'event and clk='1" then clk | I I L |

if ce="1" then

q <= d; CE:;J i ._J___J

end 1if; i |
end iT; D | | | | |

|

|

end process; | |
|

|

end beh; Q r

. TMHMA , s
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VHDL — 20yxpova AkoAouBiaka KukAwuaTa

D Flip Flop with Reset (cuyxpovo)

* H elocodoc undeviocuov (reset) Betel tnv amoBnkevuevn tun oto 0
— n eloodoc reset MpémeL va elval oTtaBepn 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 dif_en_reset 1is —p> clk

begin

Juyxpovo reset: Mpwta process (c1k)
géheyxoc ywa to clock —___ begin

[ —tF clk'event and clk="1" then dk

if reset = '"1'" then

q <= "'0"; reset
elsif ce = '1"' then CE
q <= d;
end 1f; D
end iT;
end process;

end beh;

. TMHMA , s
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VHDL — Aouyxpova AkoAouBiaka KukAwpaTta

D Flip Flop with Reset (acuyxpovo) - Clear

* Heiocoboc undeviopnou (reset) Betel TNV amoBnksupévn Tipun oto 0
— to reset pmopei va yivel 1 omoladnmoTe oTyLLN, KOL TO AMOTEAECHT Elval dpego

— 1o ouuneplAappdavoupe otn Aota svawoBnolac (n diepyaoia avianokplveTal 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 is reset
begin —> clk
process (clk, reset)
begin 1 2 3 4 5 6 7 8

if _reset = '1' then clk |
| Rrees =
elsif clk'event and clk="1" then (eset| [T | |
if ce = '"1' then

|
|
end if; I—‘—‘ I | l I
end if: D | I — b
end process; Qll’. I_L ' !ﬁ | JES
end beh; T T | — >
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VHDL — Aouyxpova AkoAouBiaka KukAwpaTta

Karaxwpntég (D Flip Flop pe aocuyxpovo reset)

AmoBnKeuouV pLa TLH nAwv bit
— 'Eva flip-flop D ava bit entity reg— t qe
— Amnautel aAAayn oTo array port (clk, resetr—swn.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—q(0) end reg_reset;
—F clk
architecture beh of reg_reset is
d(1) D Q a(l) begin S vronoveadhia T
4 ik process (clk,reset) A?f“%%%pd$¢lﬂu
beg_in oAl OTO
if (reset="1"') then
d(n) D al—aqln) q <= (others=>'0");
clk L Ik elsif (clk'event and clk="1") then
q <= d;
end 1if;
n n end process;
'—le Q= end beh;
i
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VHDL — AkoAouBiaka KukAwuata

Pipelines (dloxeTteuon)

2uvoAikr kaBuotepnon = Delay, + Delay, + Delay,

Alaotnua petatl Twv e€08wv > ZUVOALKN KaBuoTEpnon

GUVEHDE- CUVHDT- TUVOVU-
d_in OTIKD OTIKO OTIKO d_out
wochopa 1 KUKhop KOKAGpa 3

QpF—d out

clk

Neplodog pohoylou = max(Delay,, Delay,, Delay;)
2UVoALKn kaBuotepnon = 3 x mepilodoc poAoyLou
Alaotnpa petafy twv e€0dwv = 1 meplodog poAoylou
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VHDL — AkoAouBiaka KukAwuata

2. UOOWPEUTNG (accumulator 1/2)

ABpoiote pla akoloubia.
‘Evag véog aplBuoc (data_in) ptavel oe kaBe avodikn akun tou clock.
To aBpolopa (data_out) pndevilel pe ovyxpovo reset

library ieee;
use ieee.std _logic_1164.all;use ieee.numeric_std.ALL;

entity accumulator is

port (
clk :in std_logic;
reset : in std_logic;
data_in : in std_logic_vector(15 downto 0);
data_out : out std_logic_vector(19 downto 0));

end entity accumulator;
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VHDL — AkoAouBioka KukAwpaTta

2 UOOWPEUTNG (accumulator 2/2)

architecture rtl of accumulator is SUVEUAGTIKG KOKAWUA

signal sum, new_sum : signed(19 downto 0); EMOUEVNG KATAOTAONG EVaAAQKTIKOG TPOTIOG
begin ylaL TNV ovodLK oK Tou
new_sum <= sum+resize(data_in, sum’length); clk. To rising_edge eivat
reg: process (clk) is ouUVAPTNON YLOL OTIOLOSATIOTE
begin ofipa
if rising_edge(clk) then '
if reset ='1' then
SUVSUAOTIKO sum <= (others =>'0’); L
KOKAWLLOL else y o rs-u-n-’l """""" :
. m <= new_sum; ;
E€060u -S.U ew_sum, [ new sum ¢ Q ! [ cataouttso |
end if; 5 , !
end if; daiabaiabet il S
end process reg; mTT T mTg TeReesne
. | |
data_out <= std_logic_vector(sum); | neow_sum_ |
end architecture rtl; — (/:\ oo | 2UvOUAOTIKO KUKAWUAL
data_in[15:0] D : ------ ?_TL/-A E} --------- : E&ééou
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| E NAHPO®OPIKHE 4 Epyaotriplo Space Data Systems 2025-26 A.Bao\omoulog 31

THAENIKOINQNION




VHDL — AkoAouBiaka KukAwuata

OAioOnTéc (shift registers 1/5)

ExteAoUv oAicOnon (shift) ota dedopéva tou kataxwpnth. Napadsypa Kataxwpnt oAicOnong e

aoclyxpovn eloodo reset, oelplakn eicodo kot apaAAnAn £€odo.

library IEEE;
use |IEEE.STD_LOGIC_1164.ALL;

entity ShiftRegister is
Port (
clk, reset :in std_logic;
D :in std_logic;
Q :outstd_logic_vector(7 downto 0) );
end ShiftRegister;

architecture Behavioral of ShiftRegister is
signal reg : std_logic_vector(7 downto 0);
begin
process(clk, reset)
end process;
Q<=reg;
end Behavioral;
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VHDL — AkoAouBiaka KukAwuata

OANioOnTéc (shift registers 2/5)

YAomoinon e array concatenation

library IEEE; architecture Behavioral of ShiftRegister is
use [EEE.STD LOGIC 1164.ALL; signal reg : std_logic_vector(7 downto 0);
begin
entity ShiftRegister is process(clk, reset)
Port ( begin

clk, reset :in std_logic; if reset ='1' then

D :in std_logic; reg <= (others =>'0'); -- Asynchronous reset

Q :outstd logic_vector(7 elsif rising_edge(clk) then
downto 0) ); reg <= reg(6 downto 0) & D; -- Shift left and insert D at LSB
end ShiftRegister; end if;

end process;

Q <=reg;
end Behavioral;
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VHDL — AkoAouBiaka KukAwuata

OANioOnTéc (shift registers 3/5)

YAomoinon pe array slices

library IEEE; architecture Behavioral of ShiftRegister is
use IEEE.STD LOGIC 1164.ALL; signal reg : std_logic_vector(7 downto 0);
begin
entity ShiftRegister is process(clk, reset)
Port ( begin

clk, reset :in std_logic; if reset ='1' then

D :in std_logic; reg <= (others =>'0'); -- Asynchronous reset

Q :outstd logic_vector(7 elsif rising_edge(clk) then
downto 0) ); reg(7 downto 1) <= reg(6 downto 0); -- Shift left using slice
end ShiftRegister; reg(0) <= D; -- Insert new bit at LSB

end if;

end process;

Q <=reg;
end Behavioral;

THAENIKOINQNION
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VHDL — AkoAouBiaka KukAwuata

OAioOnTéc (shift registers 4/5)

YAoroinon pe for ... loop

library IEEE; architecture Behavioral of ShiftRegister is
use IEEE.STD LOGIC_1164.ALL; signal reg : std_logic_vector(7 downto 0);
begin
entity ShiftRegister is process(clk, reset)
Port ( begin
clk, reset :in std_logic; if reset ='1' then
D :in std_logic; reg <= (others =>"'0'); -- Asynchronous reset
Q :outstd logic_vector(7 downto elsif rising_edge(clk) then
0)); -- Shift using a for loop
end ShiftRegister; foriin 7 downto 1 loop
reg(i) <= reg(i - 1);
end loop;
reg(0) <= D; -- Insert new bit at LSB
end if;
end process;
Q <=reg;

end Behavioral;
. TMHMA , '
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VHDL — AkoAouBiaka KukAwuata

OANioOnTéc (shift registers 5/5)
4-stage — 8bit Shift Register

library IEEE; begin
use |[EEE.STD_LOGIC_1164.ALL; process(clk, reset) is
begin
entity FourStageEightBitShifter is if reset ='1' then
Port ( stageO <= (others =>'0’); stagel <= (others =>"'0');
clk :in std_logic; stage2 <= (others =>'0’); stage3 <= (others =>"'0');
reset :in std_logic; elsif rising_edge(clk) then
D :in std_logic_vector(7 downto 0); stage0 <= D;

; -—- Stage O stagel <= stageO;
; - Stage 1 stage2 <= stagel;
Q2 :outstd_logic_vector(7 downto 0); -- Stage 2 stage3 <= stage2;
Q3 :outstd_logic_vector(7 downto 0) -- Stage 3 end if;
); end process;
end FourStageEightBitShifter;

Q0 :outstd_logic_vector(7 downto O
Q1 :outstd_logic_vector(7 downto O

~— ~— ~— ~—

-- Outputs
architecture Behavioral of FourStageEightBitShifter is QO <= stage0;
signal stageO : std_logic_vector(7 downto 0); Q1 <= stagel;
signal stagel : std_logic_vector(7 downto 0); Q2 <= stage2;
signal stage2 : std_logic_vector(7 downto 0); Q3 <= stage3;
signal stage3 : std_logic_vector(7 downto 0); end Behavioral;
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VHDL — AkoAouBiaka KukAwuata

MeTpnTég (counters)
* ATMOONKEVOUV TNV TLUN EVOC AMPOCNHUOU aKEPALOU
— AUEAVOUV 1 LELWVOUV TNV TLUNA
e XpNOLOTIOLOUVTOL YLO VO LETPAVE TTOOEC GOPEC:
— €XouVv oUHPel KarmoLa yeyovota
— gxel emavaAndBOel éva Brpa emeepyaoiac
* XpnOLHLOTIOOUVTAL WC XPOVOUETPNTEC (timers)

— UETPAVE TIOOO XPOVLKA OLAOTHHATA EXOUV TtEpAOoEL KaBwc
avéavovtal TtepLlodLKaA
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VHDL — AkoAouBiaka KukAwuata

MeTpnNTEC AOUYXPOVOI

library IEEE; process (clk, reset)
use IEEE.STD_LOGIC_1164.ALL; begin
use IEEE.NUMERIC_STD.ALL,; if reset ='1' then
count_reg <= (others =>"'0');
entity async_counter is elsif rising_edge(clk) then
Port ( if count_reg = 20 then Metpntrg amno to 0
clk :in std_logic; count_reg <= (others =>'0'); €wg to 20. Emopevn
reset : in std_logic; else Tun ano to 20 gival
count : out std_logic_vector(4 downto 0) count_reg <= count_reg + 1; to 0.
); end if;
end entity async_counter; end if;

end process;
architecture rtl of async_counter is
signal count_reg : unsigned(4 downto 0) := (others =>"'0"); count <= std_logic_vector(count_reg);
begin
end architecture rtl;
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VHDL — AkoAouBiaka KukAwuata

AekadIKO¢ MeTpnTrC (OUYXPOVOC)

library IEEE; use IEEE.STD_LOGIC_1164.ALL; begin
use IEEE.NUMERIC_STD.ALL; process (clk)
begin
entity decade_counter is if rising_edge(clk) then
Port ( if reset ='1' then
clk :in std_logic; count_reg <= (others =>'0");
reset :in std_logic; elsif count_reg =9 then
counts : out std_logic_vector(3 downto 0) count_reg <= (others =>'0");
); else
end entity decade_counter; count_reg <=count_reg +1;
end if;
architecture rtl of decade_counter is end if;
signal count_reg : unsigned(3 downto 0) := (others =>"'0'); end process;

counts <= std_logic_vector(count_reg);
end architecture rtl;
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VHDL — AkoAouBiaka KukAwuata

MeTpntn¢ ue Neplodiko 2nua EAEyxou

library IEEE; use IEEE.STD _LOGIC_1164.ALL; process (clk)
use IEEE.NUMERIC_STD.ALL; begin
if rising_edge(clk) then
entity periodic_control_counter is if reset ='1' then
Port ( count_reg <= (others =>'0’);
clk :in std_logic; else
reset : in std_logic; count_reg <=count_reg + 1;
ctrl : out std_logic end if;
); end if;
end entity periodic_control_counter; end process;
ctrl <= '1'when (count_reg = 4) or (count_reg = 12)
architecture rtl of periodic_control_counter is else '0';
signal count_reg : unsigned(4 downto 0) := (others =>'0');  end architecture rtl;
begin
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VHDL — AkoAouBiaka KukAwuata

Aouyxpovoc MeTpnTnG ME POPTWON

library IEEE; use IEEE.STD _LOGIC_1164.ALL; process(clk, reset)
use IEEE.NUMERIC_STD.ALL; begin
if reset ='1' then
entity sync_load_counter is count_reg <= (others =>'0");
Port ( elsif rising_edge(clk) then
clk :in std_logic; if load ='1' then
reset :in std_logic; count_reg <= unsigned(load_value);
load :in std_logic; else
load_value : in std_logic_vector(4 downto 0); count_reg <= count_reg + 1;
counts :outstd_logic_vector(4 downto 0) end if;
); end if;
end entity sync_load_counter; end process;
architecture rtl of sync_load_counter is counts <= std_logic_vector(count_reg);
signal count_reg : unsigned(4 downto 0) := (others =>'0');  end architecture rtl;
begin
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VHDL — AkoAouBiaka KukAwpata

[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 — AkoAouBioka KukAwpaTta

[Mapadelyua

reset Dil
gl _reg
RST
clk > b= C
Q
a > D
RTL REG _SYNC q3_reg
RST
> C
Q —I > g3
D
o 930
q2_reg v O RTL REG SYNC
RST i
o> C RTL_AND

RTL REG_SYNC
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VHDL — AkoAouBioka KukAwpaTta

[Mapadelyua

SYNTHESIZED DESIGN - xc7z020clg484-1 ? X
sources | Netlist  x ? 00 Project Summary X x| FFsyhd X x| FFsxdc  « Schematic(2) 200
b~ | o Q a i K o C | 1ocels 5UOPorts  15Nets o
test
> Nets (15
v Leaf Cells (11
a_IBUF_inst (I8UF clk_IBUF _inst clk_IBUF_BUFG_inst
1 ] I ~._©
b_IBUF_inst (IELIF clk ql_reg
- R
clk_IBUF_BUFG_inst (EUFG IBUF BUFG
C
clk_IBUF_inst (IEUF
1_ F_EFE a_IBUF_inst CE
a1_reg 1 o Q
a D [ D
q2_reg (FORE L—"
gq3_i_1(LuTz IBUF R
93_OBUF_inst (OBUF reset IBUF inst FDRE 93_reg
g3_reg (FORE I ~._0©O
IS reset [ L~ q3_OBUF_inst
reset_IBUF_inst (IBUF, BUF | [y )
VCC (VCCT L > q3
OBUF
Cell Pin Properties ? 00X b_IBUF_inst
1 o
Tc=10ns-Slack  °° I =
c=1Uns-slac 2 BUF
Name qi_regiC
Type Input
cel
—_—— hd
Properties
Ru Timing X ? 00
Q T 2 Cc MW 4 Design Timing Summary
General Information
Timer Seftings Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS): 8,621 ns ‘Worst Hold Slack (WHS): 0,132 ns ‘Worst Pulse Width Slack (WPWS): 4500 ns
Clock Summary (1 Total Negative Slack (TNS): 0,000 ns Total Hold Slack (THS): 0,000 ns Total Pulse Width Megative Slack (TPWS): 0,000 ns
» s Check Timing (4 MNumber of Failing Endpoints: 0 Number of Failing Endpeints: 0 Number of Failing Endpoints: 0
» 1 Intra-Clock Paths T
otal Number of Endpoints: 1 Total Number of Endpoints: 1 Total Number of Endpoints: 4

Inter-Clock Paths

Other Path Groups

Lserinnnred Paths
Timing Summary - timing_1

All user specified timing constraints are met.
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VHDL — Variables

reset

test_proc: process (clk) is

Out_1_reg

RST

variable a: std_logic;

clk ™ c

begin

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

> Ouf_1

clk_IBUF_inst clk_IBUF_BUFG_inst
Out_1<='o|; clk D ! % © ! %GO Out_1_reg
else 1 BUF st }CE Out_1_OBUF _inst
o— . n_1_ _Ins| | M O
da. In_l, In_1 D | D 0 Q I/O;F
OUt_1<=a; IBUF
end |f; reset_IBUF_inst FDRE
. L o
end if; reset [ |
IBUF

end process test_proc;
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VHDL — Variables

test_proc: process (clk) is ok [
test_proc.a_reg
variable a: std_logic; st o [ > ¢
S=default I \ o CE Q
D
. RTL_MUX
begln S/f RTL_REG
reset D 1 =
In_1 D . Out_1_reg
o § CRST
if rising_edge(clk) then o O Loow
if reset="1"' then RTL_REG_SYNC
='N'.
OUt_1<_ 0 ’ clk_IBUF_pst clk_IBUF_BUFG_inst
ok [O>— > L
e | S e ﬁF IﬁFG test_proc.a_reg
Out 1<=a,' test proc.a i 1 e
- ) CE
. —— . = Q
a:=ln_1; LT D
. In_1_IBUF_inst R
end |f, In_1 [ : = : FORE —‘7 Out_1_reg
. reset_IBUF_inst IBUF —
end if; rosot > 1.0 . |
ﬁF I_ - | |\OiUO_OBUF_mSL
b @ IQUF [ out_1
end process test proc, "
_ FDRE
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[1epiAnwn

* Kwbdikomoinon/Anokwdikomnoinon

e AxkoAouBLaka KuKAwpoTa

* Latches/Flip Flop/Registers

 Accumulator, counter, shifter,

* Awafalete tc mapaypadouc 2.3.1,4.1,4.1.1,4.1.2, 4.2 (Bewpia kat VHDL)
arno Ashenden

* Awafalete Tic mapaypadouc 2.8.2, 3.1, 3.2,3.3,3.6,4.4,4.8,5.2.5,5.4.1,
5.4.2, 7.5 (OXI to koppatt tnc VERILOG) amo to BiBAlo twv Harris.

e Awafalete tc mapaypadouc 4.3,4.4,5.1-5.6,5.9,5.13, 12.8, 12.9.4,
12.10.1, 12.10.2, 12.10.5, 12.10.6, 12.10.7, 12.10.8, 12.10.9 arto 1o BiPAio
Twv Brown-Vranesic.
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