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VHDL - lNapadeiyua

[MpayuaTtiko TTPORANUa

Ye eva Computer Room undpyouv 6o (2) atcbntipec Beppokpaciac (Sensor_1 kal Sensor_2) kal
Ovo (2) kKApatiotika (AirCond_1 kat AirCond_2). To npwto kAwpatiotiko (AirCond 1) Aettoupyet eav
TOUAAQLoTOV €vac amo touc dUo alocOntnpec aviyvevoouv Bepuokpaocia avw twv 35 Babuwv oto
computer room. To deUtepo KAwpatiotiko (AirCond 2) Aettoupyel eav kat ot dVo alcOnTAPEC
avixvevoouv Bepuokpacia avw Twv 35 PBaBuwv oto computer room. Oswpeiote OTL KABEe
aoBntnpac divel onua (‘1’) povo otav n Beppokpacior TOU aviyveUel yivel peyoAvtepn twv 35
BaBuwv (>35). Ze aAAn mepimtwon o atcOntApac oteAvelc tnv TN ‘0. 2xedldote Kol UAOTIOLNOTE TO
AOYLKO KUKAWMA TIOU Tteplypadel To avwtépw TPoPAnua. To ovoua tou Vivado Project Ba eival
Lab 1, tng ovtotntog Ba ival emiong Lab 1 evw to Ovoua TtnC apXLTEKTOVIKNG Labl Beh.

2XeOLAOTE KOl UAOTIOLNOTE TO AOYLKO KUKAWO TIOU TIEPLYPADEL TO AVWTEPW TIPOLANUAL.
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VHDL - lNapadeiyua

YAotroinon Apxitektovikr ¢ (Dataflow)

architecture Dataflow of CR_AC is
begin

AirCond_1<=Sensor_1 or Sensor_2;
AirCond_2<=Sensor_2 and Sensor_3;

end architecture Dataflow;
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VHDL - lNapadeiyua

YAotroinon Apxitektovikr ¢ (Dataflow)

1. Amoteleital ano anAec eviodec avabeong TLUwV O€ onpata

2. KaBe evtoAn ekteAeital otav petaBAnBel n TLpr Evog orjHaToC 0TO aPLOTEPO
LEPOC.

OAec oL evtoAeg avaBeong ekteAovvtal tavtoxpova (mapdAAnia)

OL evtoAeg avaBeonc avilotolyouv o€ AOYLKEC TipaéeLc TnG aAyePpac Boole.

5. To RTL étaypappa mou TTpoKUTITEL ELvVaL pia ameLlkovion tTng aAyeBpac Boole

nov ekppalouv oL eviolec avabeonc oe otoelwdeLg Aoyikeg TTUAeC (AND, OR,
NOT) kot TTOAUTTIAEKTEC.

W
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VHDL - lNapadeiyua

YAotroinon ApxitTekTovikn ¢ (Behavioral)

architecture behavioral of CR_AC is
begin

room: process (Sensor_1, Sensor_2) is
begin
AirCond_1<=Sensor_1 or Sensor_2;
AirCond_2<=Sensor_1 and Sensor_2;
end process room;

end architecture Behavioral;

Epyaotiplo Aoyikng Xxediaong 2024-25 A.BactAomoulog



VHDL

YAotroinon ApxitTekTovikn ¢ (Behavioral)

Opoto RTL Design pe to Dataflow

AEN xpetaletal va aAlafoupe Timota otnV mpocopoiwon

Elcaywyn the Sounc process (pe Alota evatcOnaoioag)

Y€ TMEPLUTTWON TIOU UTTAPXEL LOVO N EVIOAN process, TOTE OUCLOOTLKA Ol EVTOAEC
LLOLC EKTEAOUVTOL CELPLAKAL

5. 2& MEPLMTTWON TTOU UTIAPXOUV KOl ATTAEC EVTOAEC avABOEONC OTNV APXLTEKTOVLKNA,
TOTE Umopeite va Bewpnoete 0An Tt Soun process cav pia eVvtoAr mou
ekteAeital mapAAANAa pe TIC EVTOAEC avaBeonc (tou elval EKTOC process)

B whNh e
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VHDL - lNapadeiyua

YAotroinon ApxiTekTovikn¢ (Structural — AnAwon OvtotATWwy)

entity OR_gate is

port(A :in std_logic;
B :in std _logic;
O :out std logic);

end entity OR_gate;

architecture Dataflow of OR_gate is
begin

O<=A or B;
end Dataflow;

Epyaotiplo Aoyikng Xxediaong 2024-25 A.BactAomoulog




VHDL - lNapadeiyua

YAotroinon ApxiTekTovikn¢ (Structural — AnAwon OvtotATWwy)

entity AND_gate is

port(A :in std_logic;
B :in std _logic;
O :out std logic);

end entity AND_gate;

architecture Dataflow of AND_gate is
begin

O<=A AND B;
end Dataflow;

Epyaotiplo Aoyikng Xxediaong 2024-25 A.BactAomoulog




VHDL - lNapadeiyua

YAotroinon ApxITekTovikNG (Structural — AnAwon ApXITEKTOVIKIC
Kupilag OvtotnTag)

architecture Structural of CR_AC is begin
component AND_gate is or_comp : OR_gate port map (A=>Sensor_1,
port(A :in std_logic; B=>Sensor_2, O=>AirCond_1);
B :in std_logic; and_comp: AND_gate port map (A=>Sensor_1,
O :out std_logic); B=>Sensor_2, O=>AirCond_2);

end component AND_gate;
end architecture Structural;
component OR_gate is
port(A :in std_logic;
B :in std_logic;
O : out std_logic);
end component OR_gate;
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VHDL

YAotroinon ApxITekTovIKNC (Structural)

1. T TNV vAormoilnon TNG APXLTEKTOVLKAC XPNOLLLOTIOLOU UE TN AELTOUPYLKOTNTA AAAWVY
OvtoTtATWY Mou £Xoule én VUAOTIOLNOEL.

2. Tic ovtotnTeC IToU Ba XpNOLUOTIOL )OOV E TIC SNAWVOUPE (Ovoua Kal port) avapeoa oto
is KoL To begin tn¢ apxLteKTOVIKNG. OpwC TTAEOV €XOUV TNV EVVOLA TNC CUVLOTWOOLC
(component).

3. H apyxltektovikr TTAEOV ATOTEAEITE LOVO a0 EVTOAEC TTOU KaAouv(SnuLwoupyouv) ta
components, To. oTtola UIOPEL KOlL VAL ETILKOLVWVOUV HETOEL Touc (ouvnBEotepn
nepintwon).

4. Apa pLo ovtotnTa UopEeL va xpnotpornolet dAAeg ovtotntecg (pe tn Hopdrn component),
Ol OTtOLEC UTtopEl va elval UAOTIOLNUEVEC LE OTTOLOOATIOTE ATTO TLC 3 APXLTEKTOVIKEG. 21N
nepintwon tng structural Sopung BAEmovpe otL oxnpatiletol Eva 6€vipo, ta pUAAA Tou
ortolou eivat ovtotntec. Ta pUAAA mov ivar teppatika €xouvv doun Dataflow R
Behavioral.

5. AEN aAAdalel timota otnv npocopoiwaon

https://buzztech.in/vhdl-modelling-styles-behavioral-dataflow-structural/
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VHDL - lNapaodeiypa o€ Vivado

Ynoiakd KukAwua - VHDL: INpoocouoiwon - DF

r====-================ i
ArCond_1_i
Sensor_1_tb > Sensor_1 S 0 \
) g AirCond 1 » A|rC0nd_1_tb
Sensor_2 tb p Sansor 2 e 1 - 3

¥ AirCond_2 > AirCond_Z_tb

Oa ymopovoa va BaAw ,
6n0|:a ored Tic 3 , . entity AC_DF

¢ 3 ovtotnteg/ aPXlTEKTO"/l_ES_/__' ________________
ﬁesjlta, Xwpig kapio AAANn aAlayn
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VHDL - lNapaodeiypa o€ Vivado

[Tpooouoiwon (MNpoypauua testbench)

library IEEE; use IEEE.STD_LOGIC_1164.ALL; begin

entity CR_AC tb s -- create entity into testbench entity

end CR_AC_tb; test_entity: CR_AC port map (Sensor_1=>Sensor_1_tb,
Sensor_2=>Sensor_2_tb, AirCond_1=>AirCond_1_tb,

architecture Behavioral of CR_AC_tb is AirCond_2=>AirCond_2_tb);

component CR_AC is enter_test_values: process is

Port ( begin

Sensor_1 :in std_logic;

Sensor_2 :in std_logic; Sensor_1_tb<='0";Sensor_2_tb<='0";wait for 20 ns;

AirCond_1 :out std_logic; Sensor_1_tb<='0";Sensor_2_tb<="1";wait for 20 ns;

AirCond_2 :out std_logic); Sensor_1_tb<="1";Sensor_2_tb<='0";wait for 20 ns;

end component CR_AC; Sensor_1_tb<="1";Sensor_2_tb<="1";wait for 20 ns;

-- Internal Signals: One for each port end process enter_test_values;

signal Sensor_1 tb :std_logic; signal Sensor_2 tb :std_logic;

signal AirCond_1_tb :std_logic; signal AirCond_2_tb :std_logic; end architecture Behavioral;
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VHDL - lNapadeiypa o€ Vivado

[Tpooopuoiwon Behavioral (Xpovooeipa)

Untitled 1

O W @ 6 X « M M = 2 4 o

& AirCond_2_tb
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VHDL —Selected assignment

Example 1

Eva cuotnua S€xetTa otnv €lcodo 1o onua a twv 2 bit ko otnv €€odo
UTTAPXEL TO onua b Twv 3 bit mtou avtiotolxel otn petadoon Tou CAUOTOC a
LLE eTILITAEOV bit dptiac tootipiac (b=parity_bit&a).

5 TMH) , , , ,
[ E nnnnnnnnnnnn + Epyaotrplo Aoywng 2xediaong 2024-25 A.BactAomtouAog

IIIIIIIIIIIIIII




VHDL — Selected assignment (Dataflow)

Example 2: With Select

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;USE ieee.numeric_std.ALL;
architecture Dataflow of selected is

begin
entity selected is
port (a : in std_logic_vector(1 downto 0); with a select
b : outstd_logic_vector(2 downto 0) b<="“000" when “00”,
); “101" when “01”,
"110" when “107,
end entity selected; “011" when “11”,

) ) “000" when others;
Aoylkn Zuvenkn
end architecture Dataflow ; I‘Ipénst va
eAEyxw OAEZ

AvaOeon pe emloyn Tic T

(OLOKPLTEC TUUEC CUYKEKPLUEVOU ONUOTOG)

Mia evtoAn}: AvaBson TLUiAC o€ Eva o
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VHDL — Selected assignment (Behavioral)

Example 2: Case

) architecture Behavioral of selected is
library IEEE;

use IEEE.STD_LOGIC_1164.ALL;USE ieee.numeric_std.ALL; begin

Mropei kot TOAAQITAEG EVTOAEC

test: process (a) is ) ,
ava nepintwon (when)

entity selected is begin
port (a : in std _logic_vector(1l downto 0); case ais
b : outstd_logic_vector(2 downto 0) when “00” => b<=“000";
); when “01” => b<=“101";
when “10” => b<=“110"; case
end entity selected; when “11” => b<="011"; ALOLKPLTEC TLUEG
when others => b<=“000";
end case;
, end process test;
MpemeL va end architecture Behavioral;
eAEyxw OAEZ
TLC TLUEG
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VHDL —Conditional assignment

Example 2

2e €eva Computer Room umtapxouV 3 KALLATLOTIKA KoL Evac atcOntnpog
Bepuokpaoioc (Bepuopetpo). Eav to Bepuopetpo deiel BOepuokpaocio KATW
Twv 25 BaBpwv tote v Asttoupyel To KALLATLOTIKO. Av n Bepuokpacia
elval pexpt 30 Babpouc Asttoupyel to 1o. Av n Bepuokpacia sival pexpt 45
BaBuouc Asttoupyel kat to 20. Eav eival mavw amo 45 Asttoupyel ko to 3°.
OewpeloTe OTL N OELPA AELTOUPYLOC TWV KALMATIOTIKWY Elval oodwc
OPLOMEVN KoL OeV pac amaoXoAel yia to mpoPAnua pac. Eicodoc tou
OUOTHUATOC TO onua temperature kol €€odoc To onpa action (exeL 4
SUVATEC TLUEC).

Epyaotrplo Aoywkng Zxediaong 2024-25 A.BacAOtouAog



VHDL — Conditional assignment (Dataflow)

Example 2: When

library IEEE;
use [EEE.STD_LOGIC_1164.ALL;USE ieee.numeric_std.ALL;
- - max=2"5-1=63
entity conditional is
port (temperature: in std_logic_vector(5 downto 0); .
action : out std_logic_vector(1 downto 0) action:

); 00: Aev douAevelL Timota
end entity conditional; 01: AouAelsL 1 AC
architecture Dataflow of conditional is 10: AouAgvouv 2 AC
signal temp :unsigned(5 downto 0); 11: AouAsglouv katta 3 AC
begin
temp<= unsigned(temperature);
action<="00" when temp<25 else

"01" when (temp>=25 and temp<30) else , ,

"10" when (temp>=30 and temp<45) else /\OVlel EUVGHKH

"11";
Mia evtoAnl: AvaBeon TIHAG O Eva oo

end architecture Dataflow ;
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VHDL — Conditional assignment (Behavioral)

Example 2: If

library IEEE;
use IEEE.STD _LOGIC_1164.ALL;USE ieee.numeric_std.ALL;

entity conditional is
port (temperature: in std_logic_vector(5 downto 0);
action : out std_logic_vector(1 downto 0)

);

end entity conditional;

architecture Behavioral of conditional is
signal temp :unsigned(5 downto 0);

THAENIKOINQNION

begin

temp<= unsigned(temperature);

action_temp: process(temp) is

begin

if (temp<25) then
action<="00";

elsif (temp<30) then
action<="01";

elsif (temp<45) then
action<="10";

else
action<="11";

end if;

end process action_temp;

end architecture Behavioral;
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ava nepinttwon (if/elsif/else)

if, elsif, else
Movo péoa
O€ process

MpEmnet va
eAEyxw OAEZ
TLC TLUEC



VHDL — Selected & Conditional assignment

2.uvoyn

1.

signal <= value when condition else ... ’ ’ ’
Kal oTLg 2 meputtwoelg elpaote ameuBeiog

2'_ . OTO CWHO TNG APXLTEKTOVLKNG KAl N EVIOAN

V‘_“th signal_1 select _ . adopd anoddoong TLUNC O€ EVA CUYKEKPLUEVO
signal_2<=value when (discrete signal_1 value), ofua

3.

If condition then action;elsif ... else end if Kal 0TIC 2 TIEPUTTWOELC ELLOOTE GTO GO
4. process (f procedure) kat adopd tnv

case signal is EKTEAEON ULOC N TIEPLOCOTEPWYV EVTOAWV
when value => assignment (discrete signal value), avaAoya Tn ouvBrkn, KoL uropei va apopa

TIAVW oo Eva orpota.

http://www.pldworld.com/_hdl/2/ ref/acc-eda/language_overview/concurrent_statements/conditional_vs__selected_assignment.htm
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VHDL — Multiplexer

* ETAEyeLpeTalL eLl00dwv dedouEVWY LE BAon
uLa elcodo emhoync

A-ge-1 moAumAEKTNC

2-ge-1 moAumAEKTNC

1
—o g

sel i
S;' : 00 a * Evac N-oe-1
dp , .
{ o 'i'é o IMTOAUTIAEKTNC QTTALTEL
o
2 . ¥
T - rl«:nrg2 N | bit gemiAoync
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VHDL — Multiplexer

* [lova ermiAeéoupe petaév N
KwWOLKWV AEEEWV TwV M bit

— Juvdeou e apAaAAnAa
m TOAUTIAEKTEC TwV N L0600 WV

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

0 z(0)

a0

al

sel
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VHDL — Multiplexer

Entity (2to1)

entity MUX 2 to 1 is
port (
AQ: in STD LOGIC;
Al: in STD LOGIC;

S: in STD_LOGIC;
Y: out STD_LOGIC);
end MUX 2 to 1;
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VHDL — Multiplexer

Architecture (2to1 - behavioral)
[Teplypapn CUPTTEPIPOPAC

architecture BEHAVIORAL of MUX 2 to 1 is
begin

process (A0, Al, S)

begin

if
. y<=A0 when s='0' else Al;
Y <= Al;
end if;
end process;
end BEHAVIORAL;

2TN NIOTO EUCICONOI0C CUPTIEPIAXHBAVOVTAI OAEC
0l £100601 TOU CUVBUXOTIKOU KUKAWHATOC

. TMHMA , , , ,
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VHDL — Multiplexer

Architecture mux 2to1

Eic

TMHMA
NAHPO®OPIKHE +
THAENIKOINQNION

H apxiTeKTOVIKA Tou moAumAéktn 2 o 1 otn VHDL

IXNUOTIKO diGypappa RTL

S=1b0 10
w [
S=default D ¥

RTL MUX

Al

s[>

IXNUOTIKO dIGypaUPa o TEXVohoyia FPGA

AO_IBUF_inst
= (o]
a0 D—H >
IBUF
AT_IBUF_inst
1~ (o]
""'\-\.\}_
AT [ ‘[/ Y_OBUF_inst i_1
IBUF 0 Y_OBUF_inst
. I 8]
S_IBUF_inst T IS
| SIBUF_ n o ~|; >y
s & ~D>— 12 OBUF
IBUF LUT3
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VHDL — Multiplexer

YAotroinon If

m Ylomoinon evroAng IF Ye Tn XpAon MoAUTTAEKTWY 2 o 1

if cl then
sl;

elsif c? then
s2;

else
s3;

end if;

TMHMA
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VHDL — Multiplexer

Entity (4to1)

Eic

entity MUX 4 to 1 is

port (
: in

1: in

): 1in
: in
: in
: in
: out
end MUX 4 to

STD LOGIC;
STD LOGIC;
STD LOGIC;
STD LOGIC;
STD_LOGIC;
STD_LOGIC;
STD LOGIC) ;
1;

A0
Al
A2
A3

AUoN 1: YAoroinon e MOAUTIAEKTEC 2 o€ 1 og dour xAucidng

5150
$1S0
A3 \l S150
A2 ““,aj
Al >
A0

TMHMA
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VHDL — Multiplexer

Architecture (4to1)

H apXITEKTOVIKNA Tou moAumAEKkTn 4 oc 1 oTn VHDL
[leplypagn cupmepipopac — Auon 1

architecture BEHAVIORAL of MUX 4 to 1 is
begin
process (AO, Al, A2, A3, S0, S1)

(S1 '0' and SO '0') then Y
(S1 '0' and SO = '"1"'") then Y
(S1 = '"1'" and SO = '0"'") then Y

Y

end process;
end BEHAVIORAL;

2Tn NioTo euaioBnaoioc CUUTTEPIAXUBAVOVTAI OAEC
0l €i00301 TOU GUVBUKOTIKOU KUKAWHOTOG
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VHDL — Multiplexer

Entity (4to1)

H ovtoTnTa TOU MOAUTIAEKTN 4 o€ 1 otn VHDL

entity MUX 4 to 1 is
port (
: in STD LOGIC;
1: in STD LOGIC;

2: in STD LOGIC;

: in STD LOGIC;

: in STD LOGIC;

1: in STD LOGIC;

: out STD LOGIC);

end MUX 4 to 1;

AUon 2: YAoroinon Je SO l
no)\un)\ieKT:eq 208l . T~ S1
o€ doun dEvopou

Al /r

A2 T

A3 L
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VHDL — Multiplexer

Architecture (4to1)

H apxITeKTOVIKN Tou moAumAéktn 4 oc 1 otn VHDL
[Tepiypapn cupmepIpopas — Auon 2

architecture BEHAVIORAL of MUX 4 to 1 is
begin
process (A0, Al, A2, A3,
begin
if (S1 = '0'") then
if (SO = '0") then Y <
else Y <= Al;
end if;
else
if (SO = '0")
else Y <= A3;
end if;
end if;
end process;
end BEHAVIORAL;

2TN ANioTO EUNIGONCIOC CUNTIEPIAXUBAVOVTOI OAEC
ol €i00801 TOU CUVAUXGTIKOU KUKAWNOTOC
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Bi:

TMHMA
NAHPO®OPIKHE 4
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Noapadeypa Process

Epyaotrplo Noywkng Zxediaong 2024-25 A.BaciAémouAog
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VHDL - MepiAnwn

e Selected Assignment
e Conditional Statements
e Awafalete tic mapaypadouc 2.4, 3.2 (Bewpia kat VHDL) anto Ashenden kat

2.7,2.8,4.2.4,4.2.6,4.3,4.5.1,4.5.2, 4.5.3 (OXI to koppatt tng VERILOG)
arto to BLBAlo Twv Harris.
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