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VHDL - Vivado

Ynoiakd KukAwpa — VHDL: Aoun Apxeiou

The Anatomy of a VHDL File
Example.vhd

Package
(IEEE standard package is inherent,
additional packages are optional)

Entity

(description of inputs/outpuls of the system)

Architecture
(description of the behavior of the system)
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VHDL

Ynoeiako KUKAwpa - Napadeiyua

Napdadeypa: Epyootaoto EXEL doyxelo Tt TTTTTTTTTS
enetepyaociac vypwv. To doxelo MPEMEL a)va EXEL
Oeppokpaocia petaéyv 25 kat 30 Babuwv kat B) n
oTABUN TOU TPEMEL val €lval TAVW oMo €va
eninedo. e mepimtwon mou 1o a) N to B) Oev
LKOLVOTIOLOUVTOL TIPETEL va  evepyomolnBel éva Ny [
koudouvL. 2Ztn O61aBeon pac €Xoupe aloONTNpPEC
(Bepuopetpa) mou deiyvouv av n Beppokpacia 00000 ————-————— -
Eemepva €va 0plo (to omoio opilletal amo eUAC yLa Elcodol
KABe awobntipa) koLl aloOntipa  TOU  HOG
EVNUEPWVEL €AV N oTAOUN Tou doXElOU €lval KATW

anod €va eninedo aodaleiac. Mepypadte TO

cuoTNUA.

above 30

=30°C

>25°C

|
|
|
|
I
inv Y | or |
I ; L> ‘_l>:m'wﬂ Koudouvi
:
I
! ‘E€oboc(ol)
|

Ovtotnta/Entity

. TMHMA
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VHDL

WYnoiakd kukAwpa — VHDL: Entity (Input/Output PORTS)

|

. ‘E€odog(o) port (
: above 25:in std_logic;
above 30:in std_logic;
Eicobol low_level: in std_logic;
buzzer :outstd logic);

e T T Yroxpewtkég BLBALOBKEG

|
e 1 : library IEEE; , '

Sebdl m— temp_bad . : use IEEE.STD_LOGIC_1164.ALL; Mepypadn Ovrotntag

I inv o ‘ cir:_ :
. above_25 | _l buzzer " o . .
5C : i> 1> ouBol entity buzzer is
: I below 25 :

yaunAf | low_level |

oTasyn |
|
|
|

— o e o o o sl

Ovtotnto/Entity
end entity buzzer;

. TMHMA
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VHDL

Wnoeiakd kukAwpa — VHDL: Entity (Input/Output PORTS)

Xprion npotunng BBALoBrkng

e
. ackage
entity name  |iprary IEEE; ‘// packag

: |
| I
S L e temp bad | use IEEE.STD_LOGIC_1164.ALL;
| > : . . . . ; port type
I inv i or :
. above_25 | buzzer K ™ . .
"5 : L Dy oUBeu entity buzzer is
: I below 25 :
xayn}u] low_level | I ,
oré6un : . E€odog(ol)  port (
: : above_25: in std_logic;
““““““ B | above_30: in std_logic;
Elcobol " low_level: in std_logic;
port list ~ buzzer :outstd_logic);

Ovtotnto/Entity
end entity buzzer;
port mode

THAENIKOINQNION
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VHDL

Pnoiakd kukAwpa — VHDL: Entity (Input/Output PORTS)

~30°C above_30

i!|r1'q.ur Z> f)ﬁ buzzer

above_25

>25°C

xaunh | low_level
aratun

— o e o o o sl

Etocobol

Ovtotnta/Entity

THAENIKOINQNION

2XOALO: --

koudolw

‘E€oboc(ol)

Xwpig TG BiBALoOnKeG

--library IEEE; ’ |
--use |IEEE.STD_LOGIC_1164.ALL; Mepypadn Ovrotntag

entity buzzer is

port (

above_ 25:in bit;
above_30:in bit;
low_level: in bit;
buzzer :out bit);

O turmoc bit, (aAAa kat bit vector,
..) umootnpiletat xwpic TNV
avaykn kAnoncg BLpALoBnkwv

end entity buzzer;

. TMHMA
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VHDL

WYnoiakd kKukAwpa — Avatrapdaotacn o€ VHDL — Entity: Input/Output

* Mepypadel tTn dtacuvdeon piog Aoylkng povadoc, xwpic va
npoodlopilel tn cupmeptpopad tnC (pLovpo koutl - black box)

* H dtaouvdeon tnc povadac nepypadetal e pia SnAwon twv
StavAwv/Bupwv srmikowvwviacg (ports - signals)

entity entity name is -- oxéA.a
port (
signal name: mode
signal type;
signal name: mode
signal_ type;

signal name: mode
signal type) ;
end entity entity name;

TMHMA
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VHDL

WYnoeiako kukAwpua — AvatmrapdaoTtacn o€ VHDL — Entity: Input/Output

* entity name: To Ovopa TNC OVTOTNTOC

* signal name: To Ovoua TOU CAHUATOC
(eav elval moAAa onuata xwpilovtal pe KOpPUA)
* mode: n kateLBUvVON TOU CNUATOC
: €l0060¢ NG ovtoTNTAC
: £€000C¢ TNC OVTOTNTOLC

: eloodoc N €€odoc¢ tn¢ ovrotntac (bidirectional),(AEN 6a
LLOLC QTTLOXOANOEL OTO HAOnua)

* signal_type: o tumoc touv onuatoc (STD _LOGIC i aAAoc)

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog



VHDL

WYnoiakd kukAwpa — AvarrapdaoTtaon o€ VHDL — Ovouara & ETIKETEC

e Elval povadika peoca o€ ol GUYKEKPLILEVN OVTOTNTA (KOl APXLTEKTOVLKN)
e Ta oxoAlwa o pia ypoppun Emovtal tou "--"

e Xpnolpomnolouvtal oL XopaKtnpec: a-z, A-Z, 0-9, " "

e A€V XpNOLLOTIOLOUVTOL OL XOPOLKTAPEC, OTIWG: +, -, |, &

e Aev Xpnolpomnolouvtal oUTE onUeLa oTiENG 0TA OVOUOTO KoL TLG ETLKETEC, OUTE OUTAO
ll_ll’ 6nAa6n II__II

e Aev SLaywpilovtal kedbaAaio ypALUOTO ATIO UIKPA
e O pwToC Xapaktnpog eivol aAdaBnTikog

* Mpoooxn otiC SECUEVMEVEC AEEELC

. TMHMA
| E MAHPOGOPIKKE & Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog




VHDL — TuTtrol onuatwyv

Std_logic

EiE

TMHMA
NAHPO®OPIKHE 4
THAENIKOINQNION

Modeling for simulation Synthesis
default initial

Uninitialized Uninitialized
value

Strong driven unknown Don't care/Multiple Values

Strong driven 0 0
Strong driven 1 1
High impedance High impedance/Asv tepvastl pevpa
Weakly driven unknown Don't care
Weakly driven 0 0)
Weakly driven 1 1
Don't care Don't care

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog 10



VHDL - Tutrol onuaTtwyv

Std_logic_vector

signal_in_0: in std_logic; EvalakTika
signal_in_1:in std_logic;
signal_in_2: in std_logic; signal_in : in std_logic_vector (3 downto 0);

signal_in_3:in std_logic;

signal_in(0) <=1’

signal_in(1) <=0’

signal_in(2) <=1’
(

signal_in <=“0101"; signal_in(3) <=0’

Mpoooxn og “ kat

o TMHMA
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VHDL - Tutrol onuaTtwyv

Std_logic_vector

* O tumoc¢ tou AoyLkou Stavuopatog (Lovodilaotatou array) STD _LOGIC_VECTOR givol HEPOC TOU TTOKETOU
IEEE.std_logic_1164 tnc BPAloBnknc IEEE

* MNpoodlopilel Eva dlatetaypevo olvoAo ano ocnpata (petapfAnteg) tumou STD_LOGIC.

* H dlataén pmopet va eival avéovoa
STD_LOGIC_VECTOR (0 o 7)
N $Bivovoa
STD_LOGIC_VECTOR (7 downto 0)

* O beilktec TWV OTOLKELWY TOU array gival tumnou natural

* MNpoooyxn, dev gival aképatog Suadikog aplOuadg

THAENIKOINQNION

. TMHMA
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VHDL - Tutrol onuaTtwyv

Std_logic_vector

e ANAwon Twv ya to 8-PndLo Aoyiko diavuopa V
e V<=%“11110000"
e \V <= (others =>'0") -- 6Aa-0
* JUYKpLlOELC:
« VV ="00000000" yLa cuykpLon oAOkAnpou tou SLavUoUaTOC
* V(3 downto 0) = "0000" yLa cUykpLon HEPOUC TOU SLAVUOUOTOC
* Mpoooxn. Mn emutpentn ocvykplon: V = "----0000"
e 1o '-' bev ekhapBavetal oav don't care Katd Tn CUYKPLON

Mpoooxn. 2 6Aa ta npoypappata ta PORT ctov oplopd tng Ovrotntog Oa
givat MONO STD_LOGIC f; STD_LOGIC_VECTOR

. TMHMA
I E AHPOCOPIKHE & Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog
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VHDL - Tutrol onuaTtwyv

Std_logic_vector

* MrmopoUpe va €xoupe kat SnAwon ocnuatoc we std_logic_vector xwpic index range.
e JE QUTH TNV MEPLTTTWON UTIOVOELTOL aTtO AAAN OVTOTNTA
* Mnopeite va Bpeite mapadeypa :

https://electronics.stackexchange.com/questions/622590/does-vhdl-allow-a-std-logic-
vector-port-with-no-bounds

. TMHMA
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THAENIKOINQNION
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VHDL

VHDL.: Architecture (Dataflow)

architecture arch name of entity name is
signal signal name: signal type;

begin
concurrent component statement;

concurrent component statement;
end architecture arch name;

5 TMHMA
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VHDL

VHDL.: Architecture (Dataflow)

ApYLTEKTOVLKNA
MNeplypadn tnG AELTOUPYLKOTNTOC

|
| buzzer<=low_level or (above_30 or not above_25);

e
! ! TIOU TtPOODEPEL TO AOYLKO
|

I I
| KU KAWL

>30c [ temp_bad . : H
| ) . .
iy ——t~_ jor | architecture Dataflow of buzzer is

295°C above_25 | _) :huzzea- KOUBOUM
| r

- | .
I'below 25

yopunhg | low_level | o : begln

oradun !
|
I
|

end architecture Dataflow; To onpata e&odou (out) MANTA
QPLOTEPQA, TA orjpata elcodou (in)
MANTA defla.

TMHMA
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VHDL

VHDL.: Entity (Ecwrtepika orjuara)

el

| |

| :
>30°C e : temp_bad . '

: or ar :

I I inv ] ]
}EE:C <|t|r.|~.e_2,. : :‘ D j : :L'ILIZ.’.'BT K(}UﬁrQW| Ecwtsled Gﬁuata
A |

I below 25
}qapnhq low_level | =IO : temp_bad
Zen : I 'E€obog(ol) -

| | below_25

Etcobol
Ovtotnto/Entity

. TMHMA
d I E NAHPO®OPIKHE 4
THAEMIKOINQNION

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog
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VHDL

VHDL.: Architecture (Dataflow)

or

TMHMA
d NAHPO®OPIKHE 4
THAENIKOINQNION

|
|
1
-30°C abowve 30 |
I
I inv
}EE}C t.tlﬂ"-ﬁ'_zf:'_ 1 DG :
| v
: I'below 25
yopunhg | low_level |
oTasun !
|
|
|

L ar
.

Koudouw

architecture Dataflow of buzzer is

signal temp_bad, below_25: std_logic;

begin

below 25<=not above 25;

temp_bad<=above_30 or below_25; /

buzzer<=temp_bad or low_level;

end architecture Dataflow;

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog

Mepypadn tng AELTOUPYLKOTNTOG
TIOU TtPOODEPEL TO AOYLKO
KOKAWUOL LE XPON ECWTEPLKWV

onUATWV

/ concurrent

statements

T EOCWTEPLKA CAMATO UTTOPOUV
va elval KoL aplotepad Kot He€La
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VHDL

VHDL.: Architecture (Dataflow)

* EKTEAEON TAUTOXPOVWV EVIOAWV avaBECNG O UOTOG
(concurrent_signal_assignment_statements)

signal name <= expression;

e OL tauroxpoveq EVTOAEG avaBEONG ONUOTOG EKTEAOUVTAL HOVO, OTAV UTIAPEEL
aAAay) TLUNAG OTLG ELOO ouq (ota onpoata tnNg €L MAEUPAC TNG TOLUTOXPOVNG
EVTOANG avabeong onpatog).

* Aev npoodlopitetal Kaeuotep%on Stadoong aAAn, EKTOG o pioa
anelpoeraxiotn kabuotepnon oladoong, Thv kaBuotepnon deAta &
ETNPEALEL TOV XPOVIOUO TOU KUKAWUATOC

* H nipaypatikn kaBuotepnon tadoong Ba pocdloploBel pe tnv ulomoinon oe
Uia CUYKEKPLUEVN TEXVOAOYLA

delays TLOU OEV

H kaBuotépnon 6éAta 6

delay OEV ElVAL TIPAYHATIKA KABUGTEPNON IOV EMNPEATEL TAV TPOGOHOIWGN,
oAAG OITAWG LEPAPXEL TG LETABAOCELG TTOU GUMBOivOUV GTa oripaTa TNV dLa XPOVIKA GTLYHA.

THAENIKOINQNION

. TMHMA
| E NAHPOOOPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog 19



VHDL

VHDL.: Architecture (Dataflow) - After

e EvtoAn after : ektéAeon TaUTOXPOVNC EVIOANC UE XPOVLIKN
kKaBuotEpno

signal name <= expression after <time>;

* C<=D and E after 10ns;
* Aev nipemel va 0AAGEEL N TLUA KAVEVOG OAHATOG 0Ta SEELA TNG EVIOANG

(expression) mpLv TEPAOEL O XpOVOG <time>. J& MePIMTWOon OUWE IOV AUTO
oupBel T0Te Ba eival anpooolopLotn n TN Tou signal name ota
APLOTEPA TNG EVIOANC. (Zuvnewq N TN TPV v EKTE)\EOT] NG EVTOANG).

* Xpnoluoroleitat yla 1t ooououuo npavuaukwv KOTOLOTACEWV.
Entnpealetoal povo to design mod

* H after 6¢ev ival synthesizable onote ayvoeital otn pacn G

ouvBeong/ulomnoinong (m.x. lowg £xoupe )\aeoq amoteAéopata o design
model kal cwotd og ocuvBeon/uvlomoinon!)

. TMHMA
| E MAHPOGOPIKKE & Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog
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VHDL

VHDL.: Architecture (Dataflow) — transport after

. Evro)\n transport after : ektéAeon tavTtoOXpPOVNG EVIOANG LE
XPOVLKN KaBuotEpno

signal name <= transport expression after <time>;

C <= transport D and E after 10ns;

To signal name moallpveL TNV AVOUEVOLLEVN TLUN, AVAAOYOL LE TNV TIUA TOU
expression, e Xpovikn kaBuotépnon <time>.

XPNOLUOTIOLELTAL YLOL TIPOCOLOLWON TPOYLLOTLKWY KOTOOTACEWV.
Entnpealetol povo to design model.

H transport after 6ev eival synthesizable omote ayvoeital otn ¢daon tng
ouvBeonc/ulomnoinong (r.x. lowc €xoupe AdBoc amoteAEopata o€ design
model katL cwotd og cuvBeon/uvlomnoinon!)

. TMHMA
| E MAHPOGOPIKKE & Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog
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VHDL - lNapadeiyua

YAotroinon Apxitektovikr ¢ (Dataflow)

1. Amoteleital oo anAec eviodec avabeong TLUwWV O€ onpata

2. KaBe evtoAn ekteAeital otov petaBAnBel n TLpr evog orjpHatog 0To apPLOTEPO
LEPOC.

3. OAec oL evtoAec avaBeoncg ekteAovvtal tavtoxpova (mapdaAAnAia)

4. OLevtoAeg avaBeonc avilotolyouv o€ AOYLKEC TipaéeLc TnC aAyePpac Boole.

5. To RTL diaypappa mou TpoKUTITEL ELvVaL pia ameLtkovion tTng aAyePBpac Boole
nov ekppalouv oL eviodec avabeonc oe otoelwdelg Aoyikeg TTUAeC (AND, OR,
NOT) kot TOAUTTIAEKTEC.

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog



VHDL — Process

YAotroinon ApxiTekTovikn ¢ (Behavioral)

* process: n Olepyaotia eival pio opada armod eVIOAEC TTOU eKTEAOUVTOL AKOAOUBLOKA
LETA Ao KATOLO YEYOVOG (event: aAAayn TLUNG ONOTOoC)
architecture arch name of entity name is
begin
label: process (signal name, ..., signal name)
variable variable name: variable type;
begin

sequential statement;

- * =

sequential statement;
end process;
end arch name;

. TMHMA
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VHDL

WYnoeiako kukAwpa — VHDL: Architecture (Behavioral)

:‘ TTTTTT T T T T architecture behavioral of vat_buzzer is

I |
ol Rl tampuhaﬁ | begin

|

: inv ar | .
So5c | 2ove2s | > —l :hum <OUBOUVI test-: process (above_30, above_25, low_level ) is

: below 25 : begln
XOHIA | fow_tevel | - : buzzer <= low_level or (above_30 or not above_25);
oradun | ! end process test;

I |

I I

end architecture behavioral;

— o o ol

. TMHMA
I E MAHPOOOPIKHE + Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog
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VHDL

Wneiako kukAwpa — VHDL: Architecture (Structural)

architecture arch name of entity name is
signal signal name: signal type;
component comp name
port (
signal name: mode signal type;

signal name: mode signal type);
end component;
begin
label 1: comp name port map (signal name, ..);

label n: comp name port map (signal name, ..);
concurrent component statement;

concurrent component statement;

end architecture arch name;

5 TMHMA ,
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VHDL

Wneiako kukAwpa — VHDL: Architecture (Structural)

* arch_name: to ovopa NG PXLTEKTOVLKNC
e entity_name: to ovopa tn¢ ovtotTnTaC

° comp_name: To 6Voua Tou TIOU XPNOLLOTIOLELTAL OTNV APXLTEKTOVLKI TNG
ovtotntag.
* To otowyeio givan pia Ndn npokaBopLopEVN ovToOTNTA. ZEPOULLE TN AELTOUPYLKOTNTA TTOU
npoodepel. OTav EMAvVAXPNOLUOTIOLOULE [l ovToTnTa (entity) tnv ovopdalouvpe component.

* signal_name: 1o ovopa Tou ocnuatoc (eav eivat moAAd ocipota xwpllovial He KOUp)

* OTLG SNAWOELG ONUATWY (KETA TO is KOLL TTPLV TO ) To orpa sivat pia
TNC APXLTEKTOVLKH TNG OVIOTNTOG

* oTLG SnAwoelg twv dlauAwv tou otolxeiov (component) to oiua eivat eicodog, £6060g Tou
OTOLXELOV, OTIWG aKPLBWG MTPOKUTITEL arto Tt 6nAwon Twv SLaUAwy TG ovVToTNTAG TOU
OUYKEKPLUEVOU OTOLXELOU

* signal_type: o tumoc tou orpatoc (STD_LOGIC )} &AAog)
* Tavtoxpoveg evtoAéc avabeonc onportog (Onwc oe apyttektovikr) Dataflow)
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VHDL

Ynolako kukAwpua — AvarrapaoTtaon o€ VHDL — ApXITEKTOVIKN —
Components (1/2)

* TavuTtOYpPOVEC EVTOAEC oTOLXELWV (concurrent component statements
label: comp name port map (signal name, ..);

* label: oL pOVOBLKEG ETIKETEG TWV OTOLXELWV. ANHLOUPYELTAL Eva OTLYULOTUTIO (instance) tou
component pe to ovoua label. H xprion evog ) mapanavw component 6TnV oPXLTEKTOVLKH TOU
ovotnuatog, ovopadetal instantiation.

° comp_name: T0 OVOUQ TOU OTOLXELOU (UTTOKUKAWHLOL) TTOU XPNOLUOTIOLETOL OTNV QAPXLTEKTOVLKN TNG
OVTOTNTOG

* port_map: neplypadel tn oVVOECN TWV CNUATWY TNG OVTOTNTAC LE TA port Tou component. ¢

* signal_name: To 6vop0 TOU OHHATOG TIOU CUVOEETAL OTO UTIOKUKAWUA (comp_name)
(eav elval moAAa onpata xwpillovtal PE KOUUQ)
* TO onpa eival pia dtacuvdeon mou adopd TN CUYKEKPLUEVN APXLTEKTOVIKNA TNG OVTOTNTAG TTOU
XPNOLLOTIOLEL TO OTOLXELD

* QVTLOTOLXEL AUDLUOVOOHLLAVTA OTO OVTIOTOLXO Orua TG SHAWONG Twv port Tou
UTTOKUKAWHOTOC (comp_name) (B€AeL mpoooxn N CELPO TWV GNHLATWV)

THAENIKOINQNION
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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;

Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog




VHDL - lNapadeiyua

YAotroinon ApxiTekTovikn¢ (Structural — AnAwon OvtotATWwy)

entity NOT_gate is

port(A :in std_logic;
O :outstd logic);

end entity NOT_gate;

architecture Dataflow of NOT_gate is
begin

O<=not A;
end Dataflow;
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VHDL - lNapadeiyua

YAotroinon ApxITekTovikNG (Structural — AnAwon ApXITEKTOVIKIC
Kupilag OvtotnTag)

architecture Structural of buzzer is begin

component OR_gate is comp_not: NOT_gate port map(A=>above_25, O=>below_25);

port(A :in std_logic; comp_orl: OR_gate port map (A=>above_30, B=>below_25, O=>temp_bad);
B :in std_logic; comp_or2: OR_gate port map (A=>low_level, B=>temp_bad, O=>buzzer);
O :out std_logic);

end component OR_gate; end architecture Structural;

component NOT_gate is
port(A :in std_logic;

O :out std_logic);
end component NOT_gate;

signal below_25: std_logic;
signal temp_bad: std_logic;
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VHDL

YAotroinon ApxITekTovIKNC (Structural)

5.

[lat TNV VAoTIoLNON TNC APXLTEKTOVLKAC XPNOLLLOTIOLOU LE TN AELTOUPYLKOTNTA AAAWVY
OvtoTtATwY Mou £Xoupe én VUAOTIOLNOEL.

TLc ovTOTNTEC IOV Ba XPNOLULOTIOLCOULE TIC SnAwvoupe (ovoua kol port) avapeoo oto
is KoL To begin tn¢ apxLteKTOVIKNG. OpwC TTAEOV €XOUV TNV EVVOLA TNC CUVLOTWOOLC
(component).

H apyitektovikn MAEOV amtoTeAELTAL KA Ao EVTOAEC TTou KaloUv(Snuioupyouv) ta
components, To. oTtolal UIOPEL KOlL VAL ETILKOLVWVOUV HETOEL Touc (cuvnBEotepn
nepintwon).

Apa Lot ovToTNTA UMOPEL va Xpnotpomolel dAAAeC ovtotnteC (pe tn Hopdn component),
Ol OTTOLEC UTopEL va elval UAOTIOLNUEVEC LE OTTOLOOATIOTE ATTO TLC 3 APXLTEKTOVIKEC. 21N
nepintwon tng structural Souncg oxnuatiletal eva devtpo, ta GUAAA Tou omolou eival
AaAAec ovtotntec. Ta pUAAa Ttou eival teppatika €xouv doun Dataflow r; Behavioral.
AEN aAAdlel Timota otnv mpocopoilwaon

Mropeite va Selte kal to: https://buzztech.in/vhdl-modelling-styles-behavioral-dataflow-structural/
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VHDL — Packages

Package: IEEE.std logic 1164.all

EiE

TMHMA
NAHPO®OPIKHE +
THAENIKOINQNION

Opilel 4 tUTOULC:

Resolved: Av urtdpxouv 2 eVtoAEg tou Sivouv SLadpOPETLKEC

std_logic TIUEG oTo 16lo onua, N VHDL Ba emtAvoel tn Stadopa
std logic_vector ETUAEYOVTOC LA CUYKEKPLUEVN TEAWKHA TIUA VLo TO OAHO
: UnResolved: Av umtdpxouv 2 evtoA£g tou Sivouv SLadpOopETLKEC
std_ulogic ) , : ,
_ TIHEG oto 16lo onpa, n VHDL AEN Ba pmopeoel va
std_ulogic_vector em\UoeL TN Stadopd kot Ba poku el compiler error
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VHDL — Packages

Package: IEEE.std logic 1164.all

EiE

TMHMA
NAHPO®OPIKHE 4
THAENIKOINQNION

STD_LOGIC_1164 Unresolved vs. Resolved Conflict Handling

The std_logic_1164 package has data types that support this type of topology.

begin
F <= A;
—— F F <= B;

standard Package
with types bit

std_logic_1164
package with types
std_ulogic

std_logic_1164
package with types
std_logic

architecture Ex_arch of Ex is

\
’,/’
h“ﬂﬁh E end architecture;

entity Ex is
port (A,B : in bit;
F : out bit);
end entity;

library IEEE;
use IEEE.stq_lﬂgiq_llﬁdlall;

entity Ex is
port (A,B : in std ulogic;
F : out std ulogic);
end entity;

library IEEE;
use IEEE.std logic_l164.all;

entity Ex is
port (A,B : in std logic;
F : out std legic);

end entity;

NOT ALLOWED. This will
result in compiler error
“unresolved data type”.

NOT ALLOWED. This will
result in compiler error
“‘unresolved data type”.

ALLOWED. The output F
will be determined using a
resolution function.

Epyaotniplo Aoyikng Zxediaoncg 2025-26 A.BactAomoulog
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VHDL — Packages

Package: IEEE.std_logic _1164.all,
Std_logic — 2uvduaopoi dUo onuATWY

el o) |e|le | el e
e i e T T s
e S . R S =

b B e e < e = S 4

pa Lo | o= | A N | e | | | =
X |2 2|2\ M EC 0|
el | (=t (CER) = (e | T | O [ =
o oo | | T | | B | | =

resolution table yia orjpa std_logic pe dvo drivers
https://vhdlwhiz.com/std_logic/
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VHDL — Packages

Package: IEEE.std logic 1164.all
Std_logic — Relative Drive Strengths

Helative Drive Strengths

A (U
= X
g] 011 I Same
E Strength
p W
a Same
E L {H IElrength
O Z

. TMHMA
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VHDL — Packages

Package: IEEE.std logic 1164.all

Logical Operators
and, nand, or, nor, xor, xnor, not
Edge Detection

rising_edge(), falling_edge()

5 TMHMA
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VHDL — Package: IEEE.std logic _1164.all

Type conversions

Name Input type Return type
To_bit() std_ulogic bit

To_bitvector() std ulogic vector bit_vector
To_bitvector() std_logic_vector bit_vector
To_StdULogic() bit std ulogic
To_StdULogicVector() bit_vector std_ulogic_vector
To_StdULogicVector() std logic vector std ulogic vector
To_StdLogicVector() bit_vector std_logic_vector
To_StdLogicVector() std ulogic vector std logic vector

Otav untdpyouv i6la ovopata cuVAPTHOEWY, AUTEC Eexwpilouv amo Tov SLadoPETIKO TUTIO TOU OPLOUATOC
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VHDL

Ynoiako kukAwpua — VHDL: INpocopoiwon

buzzer tb
. T Tttt T I
I &loobol I
|
|
|
above_30_tb > am:w‘m temp_bad . I
I or or :
inv |
above 25 tb > m::a.e_:_rs_ > , buzzer_tb
.-"'J:
| below_25
Low_level_tb > low level

buzzer_entity

|
|
|
|
|
|
Eocwteplkd onuata
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l NAHPOOOPIKHE 4 Epyaotniplo Ixediaon Wnolakwv Zuotnuatwyv 2025-26 A.BactAémoulog

THAENIKOINQNION




VHDL

Ynolako kukAwpua — VHDL: INpoocopoiwon — lNivakag AAnBeiag

Mivakag AAnBeiag tng cuvaptnong rmou ekdpadlel To onpa buzzer

“above 0 | aboveds | lowewl | bumer
0 0

R B R B, O O O
R B O O Fr LB O
~r O P O P O L O
R R R R R O R R
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VHDL - Vivado

Ynoiako kukAwpa — VHDL: Npoocopoiwon - Testbench

library IEEE; use IEEE.STD_LOGIC_1164.ALL;

apply_test_cases: process is

begin
above_30_tb <='0'; above 25 _tb <='0'; low_level_tb <='0'; wait for 20 ns;
above 30 tb <='0'; above 25 tb <='0'; low_level_tb <=‘1"; wait for 20 ns;
above 30 tb <=‘0'; above_25 tb <='1"; low_level tb <='0'; wait for 20 ns;
above 30 tb <=‘0'; above_25 tb <='1"; low_level tb <=1"; wait for 20 ns;
above_30 tb <=‘1"; above_25_tb <='0"; low_level tb <=‘0"; wait for 20 ns;
above_30 tb <=‘1"; above_25_tb <='0"; low_level_tb <='1'; wait for 20 ns;
above 30 tb <='1"; above 25 tb <='1'; low_level_tb <=‘0'; wait for 20 ns;
above 30 tb <='1"; above 25 tb <='1'; low_level_tb <='1'; wait for 20 ns;

end process apply_test_cases;

entity buzzer_tb is
end buzzer_tb;

architecture Behavioral of buzzer_tb is

component buzzer is port(
above 30: in std_logic;
above_ 25:in std_logic;
low_level: in std_logic;
buzzer: out std_logic);
end component buzzer;
end architecture Behavioral;
signal above_25 tb, above 30 tb, low level tb : std logic; | ! v
signal  buzzer_tb : std_logic; , , , , ,
Otav vaLCI)OU HE HOVO TA EOCWTEPLKA onpata, N
begin OELPA TOUC KaBopilel EppETA TNV OVTLOTOLXLON
uut: buzzer port map (above_30_tb, above_25_tb, low_level_tb, LLE T port Tou component

buzzer_tb);
POSITIONAL PORT MAPPING

. TMHMA
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VHDL - Vivado

Ynoiako kukAwpa — VHDL: Npoocopoiwon - Testbench

Iibrary IEEE; use |EEESTD_LOG|C_1164ALL, uut: buzzer port map ( Drav Op(.ZOU LE duso‘a TNV
. . above_25_0 => above_25_tb, QVTLOTOLXLON TWV ECWTEPLKWV

entity buzzer_tb is _ , ,

end buzzer tb - above_30_0 => above_30_tb, ONMATWV LE TA port’ N oELpA UE
low_level_0 =>low_level_tb, TNV omoia To KAVOUUE gival

, , i buzzer => buzzer_tb); ,

architecture Behavioral of buzzer_tb is adladopn

apply_test_cases: process is EXPLICIT PORT MAPPING

component buzzer is port(
above_30: in std_logic;
above_ 25:in std_logic;
low_level: in std_logic;
buzzer: out std_logic);
end component buzzer;

begin
above_30 tb <='0"; above_25 tb <='0'; low_level_tb <='0'; wait for 20 ns;
above_30 tb <='0'; above_25 tb <='0'; low_level_tb <=1'; wait for 20 ns;
above 30 tb <=‘0'; above_25 tb <='1"; low_level tb <='0'; wait for 20 ns;
above 30 _tb <=‘0'; above_25 tb <='1"; low_level tb <=‘1"; wait for 20 ns;
above_30 tb <=‘1"; above_25_tb <='0"; low_level tb <=‘0'; wait for 20 ns;
above_30 tb <=‘1"; above_25_tb <='0"; low_level tb <='1'; wait for 20 ns;
above 30 tb <='1"; above 25 tb <='1'; low_level_tb <=‘0'; wait for 20 ns;
above_30 tb <='1'; above_25 tb <='1'"; low_level tb <='1'; wait for 20 ns;

end process apply_test_cases;

signal above_25 tb, above 30 tb, low_level_tb : std_logic;
signal  buzzer_tb : std_logic;

begin

end architecture Behavioral;
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VHDL

WYnoelako kukAwpa — VHDL: INpooouoiwaon - Xpovooeipa

Untitled 1

55387 ns

e above_30_tb

e above_25 tb

e low_level_tb

4 puzzer to |
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VHDL - Vivado

WYnoiakd kukAwpa — VHDL: lNpooopoiwon - Xpovooeipa

Untitled 1

Q W @& a9 =« |4 »l [
100.000 ns 120,000 ns 140.000 ns

20.000 ns

Z0.000 ns 40.000 ns E0.000 ns

Value 0.000 ns

Name
[

e buzzer_tb
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Boards

e Boards mou umnopeite va epeuvroete yia home use:

Without ARM
https://www.digikey.gr/en/products/detail/digilent-inc/410-183/4970275

With ARM (Zyngq7000)
https://www.digikey.gr/en/products/detail/digilent-inc/410-370/9445909
https://www.digikey.gr/en/products/detail/digilent-inc/6003-410-017/9839382
https://www.digikey.gr/en/products/detail/digilent-inc/410-351-10/7652757
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https://www.digikey.gr/en/products/detail/digilent-inc/6003-410-017/9839382
https://www.digikey.gr/en/products/detail/digilent-inc/6003-410-017/9839382
https://www.digikey.gr/en/products/detail/digilent-inc/6003-410-017/9839382
https://www.digikey.gr/en/products/detail/digilent-inc/410-351-10/7652757
https://www.digikey.gr/en/products/detail/digilent-inc/410-351-10/7652757
https://www.digikey.gr/en/products/detail/digilent-inc/410-351-10/7652757
https://www.digikey.gr/en/products/detail/digilent-inc/410-351-10/7652757
https://www.digikey.gr/en/products/detail/digilent-inc/410-351-10/7652757
https://www.digikey.gr/en/products/detail/digilent-inc/410-351-10/7652757
https://www.digikey.gr/en/products/detail/digilent-inc/410-351-10/7652757

[1epiAnwn

e Mapadsypa avamntuénc epappoync oe VHDL

e AnAwoelc Ovtotntag (entity), Apxttektovikncg (architecture).

* Ports kat Eocwtepka onpata

e Mapadetypa twv 3 etdwv apxttektovikng (Dataflow, Behavioral, Structural)

e Moketo std_logic _1164.all

e Turnot onuatwv (std_logic, std_logic_vector)

e Alapalete tic mapaypadouc 2.1, 2.6, 4.2.5, 4.2.8, 4.2.9, 4.9, oo 1o BPALo Twv
Harris.

e Awafadlete tic napaypadoucg 12.1,12.2.2,12.2.3,12.2.4,12.4.1, 12.5,12.6, 12.6.1
arto to BLBAlo Twv Brown - Vranesic

e JUvOTTIKOC 0dnyoc VHDL:
https://redirect.cs.umbc.edu/portal/help/VHDL/summary one.html
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