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Xpnupatodotnon

e To mopov ekMALSEVUTLKO UALKO EXEL avamtuxOel ota mAalola
Tou ekmatdevtikol £pyou tou dtdaokovta.

* To €pyo «Avoikta Wndraka Mabnpata oto Naveniotquo
Avtikng Makedoviac» £xeL xpnuatodotnoEeL HOVO TN
avadlapopPpwaon Tou ekmaldeuTikol VALKOU.

* To €pyo uAomoleital oto mAaiolo tou Emelpnotokou
Mpoypappatoc «Eknaidevon kot Ata Blov MaBnon» ko
ocuyxpnuotodoteital amno tnv Evpwnaikn Evwon
(EvpwTmaiko Kowvwviko Tapelo) ko armo €Bvikouc mopouc.

XEIPHZIAKO TMPOTPAMMA
EKMAIAEYZH KAI AlA BIOY MAGHZH

YNOYPTEIO NMAIAEIAL KAl BPHIKEYMATQN
EvpwnaiiEvwon EIAIKH YMHPEXZIA AIAXEIPIZH2

E iik6 Kovwviko Tapei
PRSI IR Me ™ ouyxpnparodotnon tng EAAadag kat ¢ Evpwmnaikrg Evwong




2 KOTTOC TNG EVOTNTOG

* Na yivel etoaywyn otnv VHDL kat va
avaAuBouv evvolec tnc VHDL.
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Elcaywyn

 H VHDL eival po y\wooa tou XpNOLUOTIOLELTAL YL
NV neplypadn Kot povtedomoinon YndLokwv
KUKAWULOATWV.

* VHDL: V,c Hardware Description Language ( VHSIC:
Very High Speed Integrated Circuit = MoAU peyaAnc
ToxuTNTOC OAOKANPWHEVO KUKAWUAL ).

* ApyxwkomonOnke armno to DoD ( Department of

Defense-USA (Ymoupyeio Apuvng — HIMA ) ) otLg
apxec tou 1980.
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Nedia epappoync tnc VHDL

e E¢opolwon opBnc Asttoupyiac ( Simulation ).

YuvBeon Yndlakwv KUKAwpatwy ( Synthesis ).

EntiBeBaiwon opBov oxedlaopov ( Design Verification ).
 Movtela npodlaypadwv ( Specification Models ).
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MAgovektnpata tnc YAwooog VHDL (1)

* NMaykoouto poturo ( IEEE 1076-1987, 1076-1993 ).

— Ynootnplén amo mAnBwpa avamtuélaKwy EUTTOPLKWYV
epyaAewwv oxedlaopou ( CAD tools ).

— EUKOAN petadopa KUKAWUATIKWY TtEPLYpadwV o€
SladopeTika avarmtuéLlaka meptBaiiovta.

e Avuvatotnta nmeplypadnc KUKAWHATOC /OUCTAMOTOC OF
SladhopETIKA LEpapXLKA ETimedL.

— Ao emntimedo nUANC peEXpL eninedo ocuoTAUATOC.

* Yrootnplén evaAAaKTLKwWV oXedlaoTikwv peBodoloylwy ( Top-
down, Bottom-up, Mixed ).
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MAgovektnpata tn¢ yAwooog VHDL (2)

* lepapyikn oxediaon ( Block Diagrams, Components)
* Emavaxpnotipornoinon oxedltacBeviwyv vnopovadwv (
reusable components ).
— Xpnon BLBALoONKkwv pe oxedlacBevTa KUKAWMOTOL
— MKpOTEPOC XPOVOC aVATTUENC BEATIWHEVWY EKOOOEWV
TOU KUKAWHOTOC / cUOTAMATOC.
* [epypadn KUKAWUOTOC / CUCTAMOTOC AVEEAPTNTA
aro tTnv texvoAloyia uhormoinonc.
— Emavaypnolpomnoilnon umapXouooc KUKAWMOTIKAC
nepypadnc o SLAPOPETLKEC TEXVOAOVYLEC.
— MKpOTEPOC XPOVOC AVATTTUENC BEATIWHEVWY EKOOOEWV
TOU KUKAWHOTOC / cUOTAMATOC.

MavetmoTApio AuTikic Makedoviag



MAgovektnpata tnc yAwooog VHDL (3)

* YrootnplEn Toutoxpovwy Kal akoAouvBlakwv douwv ( concurrent
and sequential constructions ).

— OLmneploocotepec YAwooec ( r.x. C) unmootnpifouv povo
akoAoUBLaKEC OOUEC.

— OLTauTto)XpoVveEC SOUEC Elval amapaLTNTEG yLa TNV IEpLlypadn NG
Aeltoupylac Tou UALKOU.

* EUKoAn dlaxeipton AaBwv kat erPePaiwon opOnc Asttoupyioc.

— Mpoocopoiwon, dlaxeiplon opaApatwy, emaAnbevon
oxedloopou.

8% Sl
2 TMavemoTnuio Autikng Makedoviag



Eninedo ZuotApotog

* Meplypadn twv npodlaypadwyv TOU
OUOTNMOTOC.

e Aev anauteital mAnpodoplo XpOVIoULWV.

e Aev anouteitat akppnc kabBopLopoc Tnc
OPXLTEKTOVLKNC TOU KUKAwpATOC /
OUOTNMOTOC.

e Auvatotnta eéopolwonc kat emBeBaiwong
opBOnc Aettoupylog.
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Eninedo Zuunepitdpopac

* AvaAutikotepn Neplypadn TNS oupmeptdopac /
AELToupyloc Tou KUKAWUATOC.

— Kaeoptouoq TWV OTALTOU LEVWV a)\vopteuwv yLa tnv
LKQVOT[OLI’]OI’] TWV npo&avpacbwv TOUV GUGTI'] HATOC.
— EIJ.T[EpLEXEL T[?\r]pocbopteq XpOVLGHOU.

* Mn avaAUTIKOG KOBOPLOOC TNC OLPXLTEKTOVIKAC TOU
KUKAWMATOC ( KaTaxwpnTteS, MVAUES, OUVOUOOTIKA
KUKAWMOTA KATT. ).

— Eva povtelo meplypadnc oe emnimedo cupunepLPopag
OTOTEAELTOL QTIO TOL AELTOUPYLKA OTOLXELDL KAl TN SLacuvdEDN
QUTWV.

— KabBse )\ELtouvaKo otolxelo pmopei va EuT[EpLS)(El TIEPLOOOTEPQL
TOU €VOC oTolxeia Kat mAnpodopia Xpoviouou.

(9)
2 TMavemoTnuio Autikng Makedoviag




Enineda kataxwpntn Kot TUANG

* Eminmedo kataywpntn ( Register Transfer Level —
RTL) .

— Mepypadni Tou KUKAWHOTOC LE XPON OUVOUAOTIKWY
KUKAWMATWY, KOTAXWPNTWYV, LVNUWV, CUYXPOVWV Kol
AoVUYXPOVWV LNXOVWV TIETIEPACUEVWY KOTOAOTACEWV.

* Enintedo muAnc ( Gate / Logic-Level )
— Mepipadn tou KUKAwpATOC o€ emimedo UAN.
— Xpnon Aoywkwv e€lowoewv ( Boolean Functions ).

— XpNOoLUOTIOLELTOL KUPLWC YL TO oXeOLOOUO PACLKWY

ouvOUAOTIKWV KUKAwpATWYV ( aBpotlotec. MoA/oteg
KATT. ).

— Y{ynAotL xpovol cuvBeong ko e€opolwong.
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Tpomot meplypadnc KUKAWHATWV

e Juumnepldopag ( Behavioral VHDL ).
* Ponc Aedopevwy ( Data flow VHDL ).
e Aounc ( Structural VHDL ).

e Ko oL Tpelc mapamavw pebodot Ttsptvpacbnq LLtopouV
va xpnotuornotnBouv oe kabe eninedo pong
oxebLaopou.

 KoBwc LETAKLVOULAOTE aTto To £minmedo
ouumnepldopac oto emnimedo SOUNC:
— AVOAUTIKOTEPN KUKAWUOTLKN TtEPLYpadn.
— KaAUtepo eAeyxo tnG oUVOEONC TOU KUKAWMOTOC.
— MeyaAUTtepog KWOLKALC.
— YynAotepol xpovol e€opoiwonc.
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Jupuneptpopikn VHDL ( Behavioral )
(1)

e XpPNOLUOTIOLE(TAL VIO TNV LOVTEAOTIOLNON TNC OUUTIEPLDOPALC
TOU KUKAwpatoc og uPnAo kat adnpnuevo eninedo.
— AAyoplOuikn nepypadn tng AEToupyilag Tou KUKAWUATOC.

— Aev neplypadetol aVOAUTIKA N KUKAWLLATIKY SO Tou
KU KAWMLOTOC.

— Aev amnattoVvTol AVOAUTLKEC AOYLKEC EELOWOELC.

X sum
sum = X+y; e >
IF (x=1) AND
(y=1) Half_Adder
carry=1; y carry
ELSE —P —
carry=0;




Juuneptpopikn VHDL ( Behavioral )
(2)

e Auvatotnta e€opolwonc yia tnv erPpeBoaiwon
opBnc Asttoupylac Tou KUKAWHATOC.

* EmaAnBevon peow back-annotated
nAnpodoplog, EMITPETEL ETLITAEOV VO VIVEL
emiBePaiwon opOnc Aettovylac PE OTOLXELD
TNC TeExvoAoyiac oAokAnpwonc.
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VHDL ponc debopévwy ( Data — Flow )

* AvaAuTtikotepn meplypadr TNE AELTOUPYLOC TOU KUKAWUOTOC.

e Xpnon Aoylkwv eELCWOEWV yla TNV LOVTEAOTIOLNON TS PONC
dedopevwy.

e Avvatotnta eéopoiwonc Kot emiBePaiwonc opdne

AELToupylLac.

sum = x’y OR X sum
s —P L
Xy~

carry = X AND y;

Half _Adder
carry




VHDL éounc ( Structural )

e Xpnowuomoleital yia tnv eptypadn tng dtaouvvdeonc Twv
SOULKWV HoVAdWV TOU KUKAWLLATOC.

— Ot SopLKEC povadec MoLKIAOUV aTto AAEC TTIUAEC HEXL cUVOETA
KUKAWOTA.

— MpoumnoBetel TNV Lapén BLBALOONKNC amo oxedlacBevTa
SOULKA oTOLXELA KOl TNV SuvaToTNTO XPRONC CLUTWV.

X sum
—_— I
{>04D_ Half_Adder
sum y carry
V>
y




lepapxikn oxedbiaon (1)

* [Mepypadn Tou KUKAWHOATOC 0 SLoPOPETLKA
LEPOPXLKQAL ETTLTTEDAL.

— EvolC LEPAPXLKOC OXESLOOOC OITOTEAELTAL OTTO
urtopoBadec mouv eumepLEXOUV AAAEC UTTOLLOVAODEC,
VHDL kwdikec 1 cuvéuaopoUc auTwV.

e YtOXOC: H eukoAoTEPN Katavonon Kat Slaxelplon
Tou oxebLaopou.
— H moAumnAdokotnta &V pelwvetal maviote!

* AmoteAeopa: H ypnyopn Kol AmMOTEAECLLATIKOTEPN
oxeblaon MOAUTTAOKWVY KUKAWUATWV.
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lepapyikn oxedioon (2)

* Baowkn woea: Amokpudn un xpnotuncg mAnpodoplac oe
KAOe LepapyLko emimedo.

e Apxn Tou pavpou koutlou: Movo ol elcodol / €€odol Kall
n Asttoupyia tov kaBe component ( cupmepldopd TWV
eloodwv €€0dwv ) elval opaTtec.

MavetmoTApio AuTikic Makedoviag



lepapyikn oxediaon (3)

1.1

1.3

ﬂ

1.3.1

L
i

VHDL MNeprypaen
Component 1.1

VHDL Meprypagpn
Component 1.2

—

VHDL NMeprypapr
Component 1.3.2

VHDL Meprygpagr)
Component 1.3.1

Component 1.3

Component 1

D
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Delta Time (1)

XPNOLUOTIOLELTOL ATIO TOV EEOUOLWTN VLo TNV
XpovoOpopuoAoynon cuufaviwy.

Delta delay xpnolpomoteitat otav 6gv opiletal
aAAoc Tumoc kaBuotEpnonc.

Elvat antetpoeaytotoc ( infinitisimal ) xpovoc
LN OPALTOC OTTO TOV XPNOoTN.

— Aev €lOAYEL KOl TtpayHATIKn KaBuotepnon.

B <= a; -- To onua b matpvet tnv TLun Tou a
ueta oo delta delay.
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Delta Time (2)

c<=aAND b;
d<=NOTg;

A

I I
20 30

60 ns
30 ns+1 delta

57 ns+1 delta

30 ns+2 delta 57 ns+2 delta

050
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Adpavelakn KaBuotépnon ( Inertial Delay )

e Default delay type.
e Emutpemnel tov oplopo kaBuotEPNONC Ao Tov XpNoTtn.

e Amoppodd MAALOUC LULKPOTEPNC SLAPKELOC OTTO TNV
npokaBoplopevn kaBuotepnon.

-- Inertial is the default Input o Output
Output <= NOT Input AFTER 10 ns;

Output L
[ [

Input

0 5 10 15 20 25 30 35

L )
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Metadopa kabBuotépnonc ( Transport Delay )

* [lpemel va kabBopilovtal pnta oo Tov XpNoTn.

* Emutpemnel otov Xprjotn mou kabopiletal n kabuotEpnon.

* [epvael OAeC TIC petaPaocelc eLcodouv pe kabBuotepnon.

Output

Input

0 5

10 15 20 25 30 35
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Yrniopovadec ( Components ) (1)

e Kabe opada amoteAetton amno duo pePN:

— Entity — Znupoata etoodou / €€6dov ( in / out ports ).

— Architecture — Nepypadn tnc Aettovpylog tou eite o€ eninedo
ouunepldopac ite o€ enimedo KUKAWUATOC.

IN

A

Entity

Architecture

ouT

\
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Yriopovadec ( Components ) (2)

e ApXN TOU LAUPOU KOUTLOU

— Movo n yvwon Twv onpatwyv eloodou / e€06dou kot TNG
CUUTEPLDOPAC QUTWYV OTTOLTOUVTOLL VLA TNV XPoN EVOC
component.

— Ag poc evoladEpel n vAomoinon tov.

IN ouT

\
\

Component

:"C\\ ,;): /4 4 s
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Yriopovadec ( Components ) (3)

* OQegpeAwodnc evvola tng VHDL.
XpnoLUomolouvTal Yo Thv meEpLypadn tTnc
AELTou pyLoC ATTAWY TTVAWY PEXPL CUCTNLLATWV.

* AmoOnkevon oxeblaocBevtwy vmopovadwyv o€
BBALOONKN KaL EMOVOXPNOLUOTIOLINON QLUTWV.

3252 i ) i
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Yrnopovadec ( Components ) (4)

Library Schematic_Design

D
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Baowkn doun evoc VHDL apxeiov

 ANnAwon ovtotntog ( entity
declaration ): 6nAwon
onuatwyv e€odou.

e JwWHa ApPXLTEKTOVLKAC (
architectural body ): TGP ApXITEKTOVIKAC

neplypadn tng oviotnTag,

AnAwaon OvroTnTag

Urtopel va amtoteAeital amno
’ ’ Process

dlaouvoebEUEVEC HOULKEC statements
novadec ( components ),
Stadikaotiec ( processes ) LLL
Kol avValOECELC oNUATWY, T

’ ’ AvaBégeic [ ZTiyMidTuTIa
OT[Ol.a AE LTOUpVOUV GﬂHdTUJV EE DWOTﬁTL‘JV
nopAaAAnAa.
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AnAwon ovtotntog (1)

entity NAME_OF_ENTITY is [ generic generic_declarations);]
port (signal _names: mode type);
signal_names: mode type;

sighal_names: mode type);
end [NAME_OF_ENTITY] ;

MavetmoTApio AuTikic Makedoviag



AnAwon ovtotntog (2)

e Tumot:

— bit/ bit_vector std_logic/std_logic_vector
Boolean/integer/real/character time
* Mode:
— in: eloodoc¢
— out: £€odoc¢ rtov dev dLaPaletal ECWTEPLKA
— buffer: £€€060c¢ ou StaBaleTol Kol ECWTEPLKA
— input: eloodoc/ £€oboc¢
* std_logic: opiletal oto package std logic_1164 tnc IEEE
BBAL0ONKNG, mpoTipaTal amo to bit type, meplypadel Eva
Pndlako cvotnua pe akpifeta adou maipvel Tipeg “0”7, “17,
“” (don’t care ), “Z” ( high impedance — pta ypopupn dev
obnyeitat ), k.a.

8% @)
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AnAwon ovtotntog (3)

o [POALPETLKEC

__ KaBopitouv tomikec otaBepec ( xpoviopolc — peyedn )
generic (
constant_name: type [:=value];

constant_name: type [:=value];

constant_name: type [:=value]);




AnAwon ovtotntag (4)

* ABpolon dvo 4-bit aplOuwv

Entity adder is
port (a, b:instd_logic vector ( 3 downto 0 );

sum : out std_logic_vector (4 downto 0) ); end adder;
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WU APXLTEKTOVLKAG

* KoBopilel mwc Aettoupyel To KUKAWLLO KOl TTWE UAOTIOLELTALL.

Architecture architecture_name of NAME_ENTITY is
-- Declarations

-- components declarations

-- signal declarations

-- constant declarations

-- function declarations

-- procedure declarations

-- type declarations

begin
-- Statements

End architecture_name;




Nepwypadn dounc ( structural ) (1)

 Ta cuotnpata nepypadovtatl we dSLoaocuVVOEDN
components. Yrovoeital pia tepapxkn doun. Na
KB XpnolLoTIOLOUEVO component TIPETEL VAL VLVEL:
ANnAwon Tou component 0TO CWHO APXLTEKTOVLKNC.
ormou Ba xpnotuomolnOet Instantiation tou
component, omou yivetol Kat n StocVVOEDK TOU UE
10 TtepLBaAAov cuoTnua.

* H énAwon tou component lval opoLa LLE TNV
dnAwon tnc avtiotowng oviotntac .
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Nepiypadn dounc ( structural ) (2)

* Ta ovoti pHota neplypadovtol we dStaocvvdeon components. Yrtovoeital
uia tepapykn doun.
* [la kaBe xpnoLpomoloUpevo component TTPETMEL va YiveL:

— AAAwon Tou component 0TO CWHO APXLTEKTOVLKIG OTtou Ba
xpnotpormnotnOet .

— Instantiation Tou component, omou yivetal kat n Stacvvdeor) Tov UE TO
nepBaiiov cuotnua.

instance_name: component name
port map ( portl =>signall, port2 => signal2, ... port3 => signaln);

Mépaopa MApAUETPWY OTLC BUPEC pe Baon To Ovoua
n
port map (signall, signal2,...signaln);
* ue Bdaon tn O€on ( To mMpwTto port AvtloToLXEL OTO MPWTO oA, To SEVUTEPO
port avtiotolxetl oto deltepOo oNUQ, K.0.K. ). H BEon Twv onUATwyY MPETEL
va elval otnv Wola oelpd pe ta component’s ports.
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Nepwypadn dounc ( structural ) (3)

architecture Structural of TrafiicLights is
component AND2
port (inl, in2: in std_logic; outl: out s
end component;
component OR2
port (in1, in2: in std_logic; outl: out std_logic); end component;

component NOT1
port (inl: in std_logic; outl: out std_logic);

end component;

signal VEH_AT_MAIN_INVERT, INT: std_logic;
begin
UO: NOT1 port map (out1l=>VEH_AT_MAIN_INVERT, in1=>VEH_AT_MAIN);

U1: AND2 port map (VEH_AT_MAIN, VEH_AT LOCAL, INT);
U2: OR2 port map (VEH_AT_MAIN_INVERT INT, RED)

end Structural;
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Nepwypadn unepyeilionc ( Data flow )

 To cuvothuata neplypadovtal pe concurrent statements (
TOUTOXPOVEC OSNAWOELC ).

* YrapxouVv TPELC BOOLKEC KATNYOPLEC assignments:

— AmAa assignments ( Otw¢ auTA IOV XpnotLpomoLouvTol
LEoa o€ processes, He tn dtadpopa otL eOw ekTEAOLUVTAL
nopAaAAnAa, Kot yto auto ovopalovtal concurrent (
TOLUTOXPOVEC ) ).

— Yo ouvOnkn ( conditional ) assignments.
— Assignments emAeypevwy onpatwy ( selected signals ).
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AntAec avaBeoelc ( assignments )

Target_signhal <= expression

Sum <= ( A xor B ) xor Cin;
Carry <= (A and B);
/<=(notX)orY after 2 ns;
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E¢aptwpeveg avaBéoelg ( Conditional assignments ) (1)

Target_signal <= expression when Boolean_condition else

expression when Boolean_condition else

expression;

To target signal Ba mapeL TNV TR TNE MPWTING EKPPAoNC yLa TNV ormola n
Boolean condition Ba givat aAnBnc.

H douny when-else gival xpriowun yta tnv meptypadr) Aoylkwyv
OUVAPTACEWV TIOU EXOUV popdn Ttivaka aAnbeiog.




MNpoinoBeon avadeonc - Conditional assighments (2)

Target_signal <= expression when Boolean _condition else
expression when Boolean condition else

expression;
e MNapadeypa (2-to-1 mux):
entity MUX 2 1is
port (A, B: in std_logic;
SEL: in std_logic;
Z: out std_logic); end MUX_2 1;
architecture concurr_MUX21 of MUX_2 1 is
begin
Z <= A when SEL = ‘0’ else
B;

end concurr_ MUX21;




AvaOgoelc emAsypHEVWV onpatwy - Selected signals
assignments (1)

with choice expression select
target _name <= expression when choices,

expression when choices,

expression when choices;

* Onwc kat n doun when-else givall xpnotun yua
TNV epLlypodn HLaG cuvaptnonc ooV TIvoka
aAnBetlac.

* Elval tooduvapn tTwv case Sopuwv HECA OE
processes.
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AvaOgoelc emAsypéEVvwyY onpatwy - Selected signals
assignments (2)

with choice_expression select
target_name <= expression when choices,

expression when choices,

expression when choices;
* [Mapadeypa (2-to-1 mux):

entity MUX 2 1is
port (A, B: in std_logic;

SEL: in std_logic;
Z: out std_logic);
end MUX_2 1;
architecture concurr_MUX21b of MUX 2 1is
begin
with SEL select
Z <= A when ‘0
B when ‘1’;
end concurr_MUX21b;




Juprniepipopikn mepypadn ( Behavioral )

* H Baown 6oun oe behavioral mepypadec etvat n
process

— H doun process SnAWVETOL LECO OE Lot OLPXLTEKTOVLKA KoL
ekteAeitoL mapaAAnAa pe aAAec dopec (concurrent —
Totoxpova ).

— Ol evtoA£g eowTepLka otn dopn ekteAovvTal akoAouOLaKA.

— 2tn doun process UTIAPYXEL Lot AloTal UE OALOTOL OTOL OTtoLAL
elval «evaicbntn» n dtadikaoia process.

— KaBe aAAayrn otnv TLUR aUTwWY TWV CNUATWY TIPOKAAEL TNV
apeon ekteleon tng Stadikaotiac.

— EvaAAaktika pmopel va cupumnepltAndBOel pia evtoAn WAIT.

— MetapAntec/ otaBepec opilovtal oto TR SNAWOEWV
NG, TIPLV To begin.
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H éoun ditepyaotiac ( process )

*  Mia process xwpig wait statement ekteAeital yla mavia

[process_label:] process [ (sensitivity list) ] [is]
[process_declarations]
begin
list of sequential statements such as
signal assighnments
variable assignments
case statement
exit statement
if statement
loop statement
next statement
null statement
procedure call
wait statement
end process [process_label];
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ARAwon avapovic ( Wait statement )

* KabBopilouv mote avitdpouVv oL processes o€ AANAYEC OTLC
TULEC ONUATWV.

* To wait statement avaykadlel pia process va OTOUOTOEL KOl
opilel uTO oL ouvONKN Ba EekvoeL TTAAL.

 MmopoUpue va cupmneplhaBoupe kaBe cuvduacopo 1 Kot
KOVEVAV OTTO AUTOUC O€ Lo wait statement.

wait_statement <=
[label:] wait [ on signal _name {,...}] [until bool expr] [for time_expr];
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Wait statements — Aiota svoucOnoioag (1)

e ZeKWaeEL pHe TNV A€€n on kot kaBopllel pla
Alota amno onpota ota onota “aviidpa”’ n
process.

* Eav oupBel eva yeyovoc ( aAAayn TLUNG ) o€
£vVQl OO IOV avnKeL o€ Alota evatcOnotac
TOTE N process EEKWVAEL AUEOWC.
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Wait statements — Aiota svoucOnoiog (2)

half_add : process half_add : process (a, b )
begin begin
sum<=a Xor b; sum<=a xor b;
carry<= a and b; carry<= a and b;
wait on a,b; end process;

end process;
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Wait statements — Aiota svoucOnoioag (3)

* Eva wait statement pe pio Alota evocdbnoioc
glval LooOUVAMO UE Mila process mou
eUTEPLEXEL AloTa evatlcOnaotac.

* To nopamnavw napadelyua mepLypadel
ouvouaoTkn Aoyikn. 2uvnOwc, Ta processes

XPNOLUOTIOLOUVTAL VIO TV IEpLypadn
akoAouBLaknc AoyLknc.
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TOomou dedbopevwv

TYPES

/\

SCALAR

ENUMERATION

NUMERICAL

PHYSICAL

REAL

INTEGER

COMPOSITE

ARRAY

RECORD
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Tonoc¢ anapiOunonc ( Enumerated
Type )

KaBopilel Eva cUVOAO TLHWV TTIOU UITOPEL VO
TTOPEL EVA AVTLKELMEVO.

Xpnoluomolovvtal o€ peyailo Babuo yia tn
SNAwon Twv KATaoTAoEWYV HLog FSM.
Napadeypa

— TYPE bit IS ( ‘0, ‘1’ );

— TYPE states IS ( IDLE, RECEIVE, SEND );

Eval avtikeipevo tumovu bit ( mapanavw )
UTopEL va TtapeL HOVO TIC TIMEC 1 kat O.
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AplOuntikot tumot ( Numerical types )

* Aképaro: Kabopilel evo cUVOAO AKEPOLWV TLUWV.
— TYPE my_int IS RANGE O TO 15
 H VHDL gumepLexel evav mpokaBopLopMEVO OKEPALO
TUTo-integer.
— TYPE integer IS RANGE -2147483647 TO 2147483647;
— Elvaw xpnotuo va dnAwvetal to akpLBEc eupoctou
aKepPALlov yLa AOyouc Hvnung.
* Mpaypatikoc: KabBopilel Eva eUPOC MPOYMOATIKWY
aplOpuwv.
— TYPE real IS RANGE -1.0e38 TO 1.0e38;

 MPOZOXH!!!! Aev umootnpilletal amo Kaveva EpYaAELO
ouvBeonc.
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Q@uowkol Turot - Physical Types

 H VHDL untootnpilel Tumouc yia tn povtelomnoinon ¢puoLkwyv
LeyeBwv OMw¢ o TUmo¢ time.
— TYPE time IS RANGE -2147483647 TO 2147483647
units
fs;
ps=1000 fs;
ns=1000 ps;

END units;
* Ynootnpillel emMioNg AVILOTAOELC KOL TTUKVWTEC.

 [IPOZOXH!!! Aev utootnpifovtal amo Kaveva epyaleio ouvOeonc

— Xpnotupormolouvtol Hovo yLa e€opolwon Kot ylol KaBopLopo Twv
npodlaypadwv ( simulation and specification models ).




TOmou Array

TYPE data_bus IS ARRAY (© TO 31) OF BIT;

0...element numbers.. 31

%] ...array values... 1
VARIABLE X: data_bus;
VARIABLE Y: BIT
Y := X(12); -- Y gets value of 12" element

TYPE register IS ARRAY (15 DOWNTO ©) OF BIT;

D
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IEEE-1076 Mpoka@oplopEvol TUTOL

* To npoturno IEEE-1076 neptAapBavel touc
akoAouvBouc tutouc OeOOUEVWV.
— TYPE bit IS ( ‘0, ‘1" );
— TYPE bit_vector IS array ( integer RANGE <> ) OF

bit;

— TYPE integer IS RANGE minint TO maxint;
— SUBTYPE positive IS integer RANGE 0 TO maxint;
— SUBTYPE natural IS integer RANGE 0 TO maxint;
— TYPE boolean IS ( true, false );
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Tumnol 6sdopévwy std_ulogic / std_ logic (1)

e Std ulogic
— ‘U’ -- Un-initialized

— ‘X’ -- Forcing unknown

e Std logic
—161ec TIpnEC e std_ulogic.

EntiAuon ocuykpovoewv ( conflicts ) otav eva onua
odnyeital amnod mepPLOCOTEPOUC TOU EVOC onuata /
obnyouc ( drivers ).
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Tumnol 6sdopévwy std_ulogic / std_ logic (2)

ENTITY ex IS
PORT (d, c, en1, en2: IN std_logic;
dbus: OUT std_logic);
END;

* To mopokdtw gival opaApa:
ARCHITECTURE rtl OF ex IS
BEGIN

dbus <=d WHEN enl = ‘1’ ELSE ‘Z’

dbus <= ¢ WHEN en2 = ‘1’ ELSE ‘Z’
END;




EvtoAn Record

. XpnoluOT[OLELTOLL yla Tt ou)\)\oyn evoq n nepmoorspwv oTOLXELWV
SlapoPETIKOU TUTIOU OE £V EVLALO KATOLOKEVUAOUAL.

* Ta otoweio punopet va givat ormotovdnmote VHDL tumou.
* HmnpooPaon ota otolyeia yivetal peow ovopatog nmediov.
TYPE binary IS ( ON, OFF );
TYPE switch_info IS
RECORD

status : binary;

Idnumber : integer;
END RECORD;

VARIABLE switch : switch_infol

switch.status := on; -- status of the switch
switch.ldnumber := 30; -- number of the switch
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EvtoAn Subtype

* ETITPEMEL OTOV XPNOTN VO OPLIEL TTIEPLOPLOUOUC OE
evav TUTo 6eSOUEVWV.

* Mropel va ePLEXEL Eva OAOKANPO EVPOC ATTO
Baolkouc TUTTIOUC.

* AvaBgoelc mou elval EKTOC EUPOUC TNG
UTIOKATNYOPLOC TUTIWV EMLOTPEPOUV OPaAuQL.

* Mapadeypa Subtype:
SUBTYPE name IS base_type RANGE <user range>;
SUBTYPE first_ten IS INTEGER RANGE O to 9
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Awavuopata ( Vectors )

e Xpnotuormolouvtal yia tnv povieAomoinon dtavAwv ( busses ).
— AnAwvovTal 0TI OVTIOTNTEC N KOlL OTNV OPXLTEKTOVLKA.

ENTITY ex IS
PORT ( a: IN std_logic_vector ( 3 DOWNTO 0 );
b : OUT bit_vector (0TO4) );
END;

ARCHITECTURE rtl OF ex IS

SIGNAL s1 :std_logic_vector (3 DOWNTO 0 );
SIGNAL s2 : std_ulogic_vector (0TO 2 );
BEGIN

END;




AvaBeon tiunc oe dtavuopa (1)

ARCHITECTURE rtl OF ex IS
SIGNAL a, b : std_logic_vector ( 3 DOWNTO 0 );
SIGNAL ¢, :std logic_vector (3 DOWNTO 0 );

BEGIN
a <="“0110"; --(a(3), a(2), a(1),a(0) )=(0110)
b<=“1101"; -- ( b(3), b(2), b(1), b(0) ) =(1101)
c<=aAND b; -- ( ¢(3), c(2), c(1), c(0) ) =(0100)
END;

 Ta dlaviopata ota omoia eriteAeital N AoyLkr tpa&n MPEMEL va lval Tou
(&lou eVpouc OMwe Kat To SLAvVUCA OTO OTIolo avaTiBeTal TO ATTOTEAECHAL.

e Katd tnv avabeon TLunc npemet va Aapfavovtol urton To Eupoc aAAd
Kol N dtevBuvon SNAwong tou SLavUoUATOC.




AvaBeon tiunc oe dtavuopa (2)

* looduvapuec avabeoelc :
a(2) <=d(0); b(2) <= c(2);
a(1) <=d(1); b(1) <=d(1);
a(0) <=d(2); b(0) <= d(0);
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AvaBeon tiunc oe dtavuopa (3)

* ARCHITECTURE rt|l OF ex IS
SIGNAL a : std_logic_vector (4 DOWNTO 0 );
SIGNAL b : std_ulogic_vector (0 TO 4 );
SIGNAL c : std_logic;
BEGIN
a<="“0110";
b(4) <= c;
b(O0to3)<=a(3DOWNTOO);
END;

* ARCHITECTURE rtl OF ex IS
SIGNAL a : std_logic_vector (2 DOWNTO 0 );
SIGNAL b : std_ulogic_vector ( 3 DOWNTO 0 );
BEGIN
a<=b; <-ANAOOI! AiauAol oxL loou elpoug
END;




AxkoAovOiakec Aopéc ( Sequential
Structures )

* H Asettoupyla tou UALKOU €lval «rtapaAAnAn» amo tn
duon tng.
— OAa ta KUKAWOTOL EVEPYOTIOLOUVTOL QKOPLOLOL OE TUXOV
aAAoyn Twv ELl00dwV Tou .

— Xpnon tavtoxpovwyv dopwv ( concurrent structures ) —
EkteAouvtal tavtoxpova ( concurrently ) aveédaptnta tng
OELPAC ENPAVIONC TOUC OTOV KWOLKAL.

— Xpnon akoAouBlakwv SopwyV yLa TANPECTEPN
LovteAormnoinon.

— OL akoAouBlakee Sopec ekteAovvtal KoAouOLaka
oUpdwva LE Th oepa epdaviong touc otov VHDL kwdika.

— Xpnotpomotlouvtal ylot akoAouvOLakn eneéepyaoia
dedopevwy ( sequential data processing ).
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MetaBAnTec

* Target identifier>=<selected expression>

e <selected_expression> = <identifier> [(and ! or... ! xor)]
<identifier> .... [(and ! or... | xor)]

* AnAwvovtal Kat xpnotpomnotovvrtat cotv VHDL kwdika.

e XpnoLUOTIOLOUVTOL YL ATtOBNKEVLON TIPOCWPLVWV
QTTOTEAECLLATWV.

e Aev amoteAoUV NAEKTPLKEC CUVOEODELC.

* PROCESS( .... )
VARIABLE 3, b, c: std_logic: --AnAwon petapfAntwv
c:=a AND b: --Xpnon petaAntwy

8% @)
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2N poTol Kot LETOBANTEC

* H Baowkn dtadpopa onuatoc kat LeETAPANTNC
OUVLOTATOL OTOV TPOTIo avaBeonc TLHWV.

— H petaBAntn eival «akoAouBLakn» oviotnta eVw
TO ONUOL KOUVTPEXOLOO» OVTOTNTA.

— H tyun avatiBetal oto onpa peta to delta time
EVW OTNV HETAPANTN aKkapLalo.
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Awepyaoia ( Process ) (1)

e Arnouwtel BepeAlwdn evvola tng VHDL.

— [Mpogpxetatl oo To oUUPATIKO AOYLOULKO KOl AVTLOTOLXEL OE Eval
aKoAoOUBLaKO TIPOYPOLLAL.

* Kataotdoelc: EkteAeonc — Avapovig

e Méow aAlaync KataAANAwv onpatwyv n dtepyaoia eKTeAELTOL
KOlL ETILOTPEPEL OE KATAOTAON AVOLUOVAC.

— O xpovog ektedeong looutal pe 1 delta_time. QD
/

fait
I'l,l
.\

GF'ELE
J
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Awepyaoia ( Process ) (2)

* [epLocOTEPEC ATTO MLAL OLEPYOOLEC UTTOPEL vl
EKTEAOUVTOL TOUTOXPOVAL.
— AleyeipovTtal amno ocuvipexovoe douec ( onuata )
— Evtoc tnc lepyaoiac o KwOLKOC EKTEAELTOL

akoAouBOLaka.

* Eilval tooduvapo pe tnv tavtoxpovn ( mapaAinAn )
EKTEAEON TIEPLOCOTEPWYV TOU EVOC TTPOYPOUUATWV
OUMBOTLKOU AOYLOULKOU.
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Aepyaocia — Zuvtaén (1)

e [<process name:] PROCESS [ ( sensitivity list) ]
[<process_declarative part>]
BEGIN
<process_statement_part>
END PROCESS [<process_name>];
* H dieyaoia dleyelpetal HEOCW AAAOYNC KATIOLOU
ONUATOC.
— TNC sensitivity _list
— TOu wait statement

MavetmoTApio AuTikic Makedoviag



Alepyaoia — Zuvtaén (2)

* [apadeypa:

ff: PROCESS (a,b) —sensitivity list cc: PROCESS

BEGIN BEGIN
g<=a; WAIT ON a,b ; --wait statement
z<=b; g<=a;
END; z<=d;
END;
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Alepyaoia — Zuvtaén (3)

ff: PROCESS (a,b) --sensitivity list cc: PROCESS
BEGIN BEGIN
q <= a; WAIT ON a, b; -- wait statement
z <=b; g <= a;
END z<=d;
END

* ATayopeUETAL TOLUTOXPOVN XPNON
wait kat sensitivity list!!!
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Awepyaoio — Mapadeypa (1)

* H process €ival eva concurrent statement ( tavtoxpovn
dnAwon ) => 1 onuoa e€odovu.

ARCHITECTURE sequential OF ex IS
SIGNAL 2z, a, b, c, d : std_logic;
BEGIN —
PROCESS (a, b, ¢, d) d
Z <= a AND b;

Z2 <=c AND d;
END process;
END concurrent;

C

D

G
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Awepyooia — Napadewypa (2)

« SIGNALa, b, ¢, d: INTEGER := 0; * Tob <=1 6¢0a yivel
one: PROCESS (a) L = 1
note. To a <= 1 yvetal

BEGIN , )

20 otav n diepyaocia

IF (a=1) THEN b<=1; END IF; EVEPYOTIOLELTOL VLA TIPWTN
a<= ‘0’ dopa. Opwc

END PROCESSS ETUKAAUTITETOL OO TO a
two: PROCESS (a) <=0.

VARIABLE c: INTEGER;  To d <=1 ylvetal Kavovika
BEGIN SLotL N petaPAntn

c:=1;
IF (c=1) THEN d<= ‘1’; END IF;
END PROCESS;

TOLLPVEL aKopLoiLa TLUn.
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Eldn Atepyoaclwv

* Juvbuaotikeg Otepyaotiec ( Combinational
processes ).

* Alepyoaciec xpovoOpOUOAOYOUEVEC ATIO
poAoL ( Clocked Processes ).
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2UVOUOOTIKEC ALEPYOLOLEC

e XpnolyomolouvTtal ylo TNV povieAomoinon
oUVOUAOTIKWY KUKAWMATWV.

* OAa ta onpato eLoodou TIPETEL VO TIEPLEXOVTOLL
oto sensitivity list N oto wait statement.

— Eva cuvOuAOTLKO KUKAWUO SLeEyELpETAL LECW QAAAYNC
NG eloodovu.

— H biepyaoia mpemel va dleyeipetal amo oAa ta
onuoto L.codou.

— Mapaiewpn onpotoc etoodou odnNyel oe un SLEpyepon
Nnc dlepyaoiag og Tuxov aAlayn avtou.
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2UVOUOOTIKEC AlEpYAOLEC —
Napadewypa (1)

* Eva ouvnBec AabBoc elval va pnv mepLEXETOL
£V ATIALTOULEVO Onpo othn sensitivity list.

PROCESS ( 3, s)
BEGIN
IF(s=‘")THEN

y<=a,
ELSE y <= b;

8% 7o) ] ] ’
2%t MNavemoTiuio AuTikig Makedoviag



2UVOUOLOTIKEC ALEPYOLOLEC —
Napadewypa (2)

good: PROCESS ( a, b, c)
BEGIN
d<=(a AND b ) OR c;
END PROCESS;

a
b d
C
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Xpoviopévece Atepyaoiec (1)

e XpnoluomnolouvTal yla T HOVIEAOTIOLNON
oUYXPOVWV aKOAOUBLAKWY KUKAWUOATWV.

* [t tn 6lEyepon Touc amatteito aAAayn tou
ONUATOC poAoyLlou.

— Eva akoAouBiako KUKAwpo aAAAleL KaTaoToon
LLOVO OTLC XPOVLIKEC OTLYMEC aAAaynC Tou poAoyLou.
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EVOAAOKTIKEG TEPLYPOPEC TOU
poAoylov (1)

e Alt1l: e Alt4:
PROCESS (CLK) PROCESS (CLK)
BEGIN BEGIN
IF clk’event AND clk=1" THEN WAIT UNTIL clk="1’
q<=d; q<=d;
END IF; END PROCESS
END PROCESS
e Alt5:
e Alt2: PROCESS (CLK)
PROCESS (CLK) BEGIN
BEGIN WAIT UNTIL rising_edge(clk);
IF clk="1" THEN g<=d;
g<=d; END PROCESS
END IF;
END PROCESS
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EVOAAOKTIKEG TEPLYPOPEC TOU
poAoyLov (2)

* Alt3:

PROCESS (CLK)

BEGIN
IF clk’'event AND clk=‘1" AND clk’last_value = ‘0’ THEN
q<=d;
END IF;

END PROCESS;

e Ou1, 2, 3 KaL4 eilval Lo EVPEWC XPNOLUOTIOLOUEVEC KoL
urtootnpllovtal amno tnv MANnBwpa Twv epyareiwv
ouvBeonc.

e H 3 elvat n o mAnpnc ywa cuvOeon.
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Xpoviopévece Aiepyaoiec (2)

* A;  B:

PROCESS PROCESS

BEGIN BEGIN
WAIT UNTIL clk = ‘0’ WAIT UNTIL clk = ‘0’
c_out<= NOT (a AND b); e_out<= NOT (d_out AND c);
d out<= NOT b; f out<= NOT c;

END PROCESS 3; END PROCESS b;
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Xpoviopévec Aepyaoisc (3)

clk

— L
start

a

>
b

>

Process A

d_out

.

c_out

C

"

start

Process B

e_out

f_out

% MavemoTAuio AuTikiAg Makedoviag



Xpoviopévece Aiepyaociec (4)

e Je uia clocked diepyacia oAa ta onuoto oto
orola yivetal avaBeonc tTiunc odnyouvvrol
aro flip-flop.
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Xpoviopévece Atepyaociec (5)

e Mapadelypa
example : PROCESS
BEGIN

WAIT UNTIL clc = 1’;
dout <= din;

END;

20 ] . )
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Xpoviopévec Atepyaociec (6)

* Mapadeyua ( cuvexela )

din dout

Qb

{£ )
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BiAloypadia

BaGLOMEVEC GTO UALKO TWV:

A2HMAKH-BOYPBOYAAKH-KAKAPOYNTA-
AEAITKOY
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TéAoc Evotntog

‘@®®@\ - E-mm ~EIMA

Me v aurrpepsnt obdrnen ra A0 s 1 Fugmeraie i Fyvasenc
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