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Yriaypdonon tng StdleEng

m ITpoywenuéva cgtoyeia tng VHDL

TUTTol KO VITOTVUTTOL TTEOKABOELGUEVOL T KaBoELLoULEVOL QITO
To xenotn (predefined or user-defined types and subtypes)
MetatoTtég TUTTwV (type conversions)

I8i6tnteg onpdtwv ko WLdTNTES KABOELLOUEVES ATTO TO
yoriotn (signal and user-defined attributes)

Pevdhvouua (aliases)

H dnAwon GENERIC

YUGTaTIkA (components)

AvtigTolyloelg Juewv Kol YEVIK®OY GTADEQHDV GE GTLYUWOTUITOL
GUGTOTIKWV (generic and port mappings in instances)
Hopadeiyuoto oyedacuol) KUKAOWAT®Y: GUYKQELTAG
ueyaAitepo-n-igo amd, duadikos aTtalOUNTig, TTAQAULETEIKOS
rkataxoentig, ALU ue Guotatikd
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Iepapyia Twv TUTTOV dedouévwv gtn VHDL

m Xtn VHDL ot dnAcdcels Yupdv, onudtov kol UeTaBANT®OV
TEETTEL VO TTEOGBLORITOVV Tov avTiGTolyd Toug TUITo (type) N
VITOTUTTO (Subtype)

NwoAaos Kappadiag nkavv@physics.auth.gr TAdGoeeg Ierypapng YAtkov



BaBuwtol tiTror (1)

m ITapadetyuata xoriong INTEGER (eUpog Twov: implementation dependent ue
eMdyoo to 2731 —1 g 281 — 1)

variable a : INTEGER;
a
a
a

1;
-1;
1.0;

m IMopadeiyuata xeriong REAL

variable a : REAL; h
a := 1.3;
a := 1.7E-13;
a :=1;
a := 5.3 ohm;
J

m ITopdderyua oplowot) véou @UGIKOY TUTIOU (TTeokabopiouévog uévo o tiTtog TIME)

~
TYPE resistance is RANGE 0 to 10000000;
UNITS

ohm;

Kohm = 1000 ohm;

Mohm = 1000 kohm;
END UNITS;

_J
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BaBuwTol tiTrou (2)

® Amagbuntol tomol (enumerated types)

B O yonotng opltel Tn MGTA TOV ETUTEETTOUEVOV TOV TTOU UITOQOVV
va avatefolv Ge €va avTikellevo TToU SNA®VETAL Le TOV
GUYKEKQWEVO TUTTO

B A1toBuntos THIog SeSoUEvVmV YOQAKTNELGTIKOS VIOl WYOVES
TETEQACUEVWV KaTacTdcewV (FSM)

TYPE fsm_state is (idle, forward, backward, stop);

signal current_state := IDLE;

B A70Buntdg TYIToC edoUévmv TTOU KOTAYQAEPEL TO ETILTEEITOUEVO
yowuata 6to TedTvito TELETEXT

[TYPE rgb3 is (black, blue, green, cyan, red, magenta, yellow, white);

B TUmog SeSouévav yio Tnv vAogtoinon Aoyikig 4 eTiTédwyv katd
Verilog

[TYPE verilog_mvl4 is ('0’, ’'1’, ’'X’, 'Z’);
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2UvOetor toTron: Ilivakeg (1)

m Ilivakag: cuAloyn astd avikeigeva tov (Siov ToTou Sedouévwv
m To cgtoyela evég Ttivaxa Tomobetovvian Ge Siadoywkés Jéaets

® 'Evog mivakag otn VHDL propel va eivar povodidotatog (1D), omdte
avaeEeeTal Kol wS Sidvuoua’ (vector), Sidtdotatog (2D) 1 ev yéver
moAvSidotatog (multi-dimensional)

m Emitpémetal 0o 0ploudg TvAK®OV TV 0TTolmv T GToxela atotelovv ue
™ oed toug Tivakeg, dmwg mivakeg 1D X 1D

B AvOoTtoQaoTAcElS TVAK®Y

® BaBuwtd m 1D x 1D [

=

2D
Lo e Lol o]
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2UvBetor toTol: Ilivakeg (2)

B AnA®cn ylo Tov 0QLGUS £vOg VEOU TUTTOU TTivakol:
TYPE <array name> IS ARRAY (specification) OF <data type>;

® Andwon evog SIGNAL ue tov véo TUTTO TTivoka
SIGNAL <signal name>: <array type> [:= <initial value];

m ITopadelyuato

TYPE byte is ARRAY (7 downto 0) of STD_LOGIC;
TYPE image is ARRAY (0 to 31) of byte;
TYPE matrix2D is ARRAY (0 to 3, 1 downto 0) OF STD_LOGIC;

SIGNAL x: image;
SIGNAL y: matrix2D;

= "0001";

- (9’,’0°,70°,°1°);

= (07, 10,010,010), 1,1, 00))
TYPE binary IS (ON, OFF);

x(0) <= y(1)(2);

x(0) <= v(1,2);

x <= y(0);

x(3 downto 1) <= y(1)(4 downto 2);

x(3 downto 0) <= (others => ’'17);

x(3 downto 0) <= (3 => ’'1’, 2 => '0’, others => ’0’);
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XUvhetol TuTol: Eyypagég

m Eyyoaopn (record): GuAloyn agtd avtikeipeva Ttou witopel va
OVAKOUV GE BLaPOoETIKOVGS TUITOUG

m Ta otoeia wag record deiktodoTovvVTAL TS TA LEQAQYIKA
OVOLOTO TOV OVTIGTOL( WV LEADV

m [Topddeyua oplopot kai xenong ulag rerord

TYPE binary IS (ON, OFF);
TYPE switch_info IS
RECORD
status : BINARY;
IDnumber : INTEGER;
END RECORD;

VARIABLE switch : switch_info;

switch.status := ON;
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Ymotugor dedouévwv (subtypes)

m O vrrotuTtog 1 devtepevwv TUTTog dedouévav (SUBTYPE) etvan évag
TUIT0G Sedouévmv Ue TTEQLORLGUOVS

m Emtpémovtal ou TRAELES UETAEY OVTIKEWEV®OV VA VTTOTUTIOV KOl TOU
avt{GTorov PaGikol Tou TUITOU

B O ¥elpoUos TV VTOTUTI®V (OEYKOTTOMGELS, avadéaelg) elvar avticTotyog
ue aVTdV TV BAGIKOV TOUG TUTTOV

B ARAwGn ylo Tov 0QIGUS VGG VEOU VTTOTUTTOU:

SUBTYPE <subtype name> IS (specification);

m [lapadelypata

SUBTYPE natural is INTEGER RANGE 0 to +2147483647;
SUBTYPE mylogic is STD_LOGIC RANGE ’0’ to 'Z’;
SUBTYPE caps is CHARACTER RANGE ’'A’ to ’'Z’;
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Avovocuata agté STD LOGIC: STD LLOGIC_VECTOR,
UNSIGNED, SIGNED

® X0QOKTNEIGTIKA TOV TUTTOV

TvUmog BipAobrikn.IIokéto Aoywég medgelg ApBu. TTRAE-
€15

std_logic_vector | ieee.std_logic_1164 | /

unsigned ieee.numeric_std v v

signed ieee.numeric_std N N

m Opiouol Tov TYTTwV 6T aVTiGTOL(O TTAKRET

type std_logic_vector is array (natural range <>) of std_logic;
type unsigned is array (natural range <>) of std_logic;
type signed is array (natural range <>) of std_logic;

m ITopdderyuo

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

entity vectors is
port (
vect : in std_logic_vector(l downto 0);
unsi : in unsigned(7 downto 0);
sign : out signed(15 downto 0)
DH
end vectors;
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[Tapddetypo: XuykELTNG ueyaAitepo-ico (greater-than or
equal) ywa Stavicuata tstov UNSIGNED

m Kobhdwoc ce VHDL

~
library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
entity compge is
port (
A : in unsigned(7 downto 0);
B : in unsigned(7 downto 0);
GE : out std_logic
DN
end compge;
architecture rtl of compge is
begin
GE <= ’1’ when A >= B else ’0’;
end rtl;
J

B Aldypouya xeoviouov:

58ns
a(7:0) [DE BE Y Ch ) DE W BE X
b(7:0) [AD W_EF W_FE WA W_AD W_EF X

ge N e
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[Tapdderypo: Avadikdg amaiuntng twv 4-bit

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

entity counter4b is

port(
clk : in std_logic;
reset in std_logic;

q : out unsigned(3 downto 0)
DH
end counter4b;

AdypaLo XeoviGro:

architecture impl of counter4b is
signal count : unsigned(3 downto 0);
begin
process (clk)
begin
if rising_edge(clk) then
if (reset = ’1’) then
count <= (others => ’0’);
else
count <= count + 1
end if;
end if;
end process;
q <= count;
end impl;

I3 S (R VY [ (R [ (Y Y AN B S S S

Xz

K3

i i (B 7

58nS
reset
q(3:0) [U L] K1
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Avastopdotacn akepalwv pe Stavicuato

Avadikd ko Sexaegadikd YuuTtAnQouio wg TTQOog 2
Aképarog | Avadikd hex Aképarog | Avadikd hex
0 "00000" X"e" -8 "1000" X"8"
1 "00001" x"1" -7 "1001" xX"9"
2 "00010" X"2" -6 "1010" X"A"
3 "00011" X"3" -5 "1011" X"B"
4 "00100" X"4" -4 "1100" x"c"
5 "00101" X"5" -3 "1101" X"D"
6 "00110" X"6" -2 "1110" X"E"
7 "e0111" x"7" -1 "1111" X"F"
8 "01000" x"8" 0 "0000" xX"e"
9 "01001" x"9" 1 "0001" xX"1"
10 "01010" X"A" 2 "0010" x 2"
1 "01011" X"B" 3 "e011" X"3"
12 "01100" x"c 4 "0100" X"4"
13 "01101" X"D" 5 "9101" X"s"
14 "01110" X"E" 6 "0110" X"6"
15 "01111" X"F" 7 "Q111" X"7"
16 "10000" X"10"

17 "10001" xX"1i1"
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Ymeppdptwon teAegTn (operator overloading)

m Xtn VHDL ustopovv va SnAwBovv (Tt.x. Ge TTakéta) ek vEou TeAeGTEG ATt
TOV XENGTN Ol 0TToloL va. €xouv Ta (Sla ovouata ue TEOKAHOQLGUEVOUS
TeNeGTEG, AAAA Vo 5QOUV GE SLoPOEETIKOVS TUTTOUS Sedouévamv

B H teyviki auti ovoudietal vrep@opTtwon TeAeati

B Yreppdptwon tou tedectn '+’ yia Ty 1tpécBeon evéog INTEGER ue éva
BIT

FUNCTION "+" (a:INTEGER, b:BIT) RETURN INTEGER IS
BEGIN
IF (b="1’) THEN
RETURN a+1;
ELSE
RETURN a;
END IF;
END "+";

SIGNAL inpl,outp: INTEGER RANGE 0 TO 15;
SIGNAL inp2: BIT;

outp <= inpl + inp2;
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MetatoTég TUTTwV (type conversions)

B Apketd ouyvd, n emagkng xenon tng VHDL ggaptdtol ams tm cwoti
XENoN TV KATAAANA®Y VTTEQPORTMUEVOV TEAEGTOV KL UETOTQOTIMOV
m H uetarpomn tdmov dedouévwv elvar artogaitntn ylo tnv gpyacio ue
Sedouéva StapoeTik®dv TUTT®V, kKabws n VHDL 8ev emitpémel tnv
amevbeiag ektédeon mEdsewv ue dedouéva SLoPORETIKWY TUTTWV
B XUxvd XENGUOITTOLOVUEVES UETATQOTTES
B SIGNED, UNSIGNED <= STD_LOGIC
m SIGNED, UNSIGNED <= STD_LOGIC_VECTOR
m SIGNED, UNSIGNED <= INTEGER
B STD_LOGIC_VECTOR <= INTEGER
m Evowuatouévor unyaviouol HeTateomng tiItwv
B Avutéuotn UETATQOTN
B Metatpomn ue amddoon (casting) TUITOU
B Ol GUVOQETAGELS UETOTROTIOV TUTTOV elvol SNA®UEVES GTA TTAKETA
numeric_std kot std_logic_arith
® Xenowotowvue wdvia ENA AIIO TA AYO avtd maxéta atnv (da
TTEQLYQOAPN,
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AvtéuaTn QUeETATQOTN TUTTWV

B Avo TUITOL UITOROVV VOl UETATEAITOUV AUTOUOTA UETAEY TOUS OTOV
aIroTeAOVV VITOTVTTOVGS TOV {Glov Bacikol) TUITOV

m H upetatpomn petagy STD_LOGIC kow STD_ULOGIC eivow awtdpatn KabdC:

[SUBTYPE std_logic is resolved std_ulogic; ]

m Ta ctoyelo twv tomwv SIGNED, UNSIGNED, STD_LOGIC_VECTOR eivai
T0TTov STD_LOGIC

® 'Ecto ota ogakdton mwogadeiypoto onpata tev tomov STD_LOGIC,
STD_ULOGIC, SIGNED, UNSIGNED, STD_LOGIC_VECTOR ta ogtoia
onUELWVOUUE Ue TS avtioToyeg katalgels s1, sul, sv, uv, slv

A_sl <= J_uv(0);
B_sul <= K_sv(7);
L_uv(0) <= C_sl;
M_slv(2) <= N_sv(2);
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Metatpogtéc UNSIGNED, SIGNED < STD_LOGIC_VECTOR

m H yetatpomn tdmov ye amddoon tiTov (type casting)
ETMTEETETAL YiaL TTivakes {(Gwv SlacTdoenv dTav:

m Ta gtorgela toug efvan Tov {Stov TuTTOUL (TT.). Std_logic)
B Ot delkteg yio Tov TTEOGEL00IGUS FEGEMY GTOVG Tr{vaKeg
€xouv Koo TUTTO (TT.). integer)
B O uetatpoTég yivovTal Ue Tig TEORAB0QIGUEVES GUVAQTAGELS
std_logic_vector(), unsigned(), signed()

A_slv <= std_logic_vector(B_uv);
C_slv <= std_logic_vector(D_sv);
G_uv <= unsigned(H_slv);

J_sv <= signed(K_slv);
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Metatpomés UNSIGNED, SIGNED < INTEGER (Ttokéto
numeric_std)
® H petatpomni armd ko 1tpog INTEGER agrantel tn ynon wiag GuvaQtnong

UETATQOTIAG
m Metatpottin UNSIGNED, SIGNED = INTEGER

Unsigned_int <= TO_INTEGER(A_uv);
Signed_int <= TO_INTEGER (B_sv);

m Metatpomnii INTEGER = UNSIGNED, SIGNED
B To evpoc bit Tov Sroviouatog SnAdvetor EnTd

C_uv <= TO_UNSIGNED (Unsigned_int,8);
D_sv <= TO_SIGNED (Signed_int,8);

m ITopddeyua xenong: AevBuvoroddtnon ce uviun ROM

[Data_slv <= ROM( TO_INTEGER(Addr_uv) ); ]

Ynpoto yio o wopadelyuota

signal A_uv, C_uv : unsigned (7 downto 0);
signal Unsigned_int : integer range 0 to 255;
signal B_sv, D_sv : signed(7 downto 0);

signal Signed_int : integer range -128 to 127;
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Metatpomés STD_LOGIC_VECTOR < INTEGER (Ttokéto
numeric_std)
® H yetatpomn uetagd twv timtwv STD_LOGIC_VECTOR kow INTEGER

agtotedel Sadikacia dvo Pnudtov
m Metatportin STD_LOGIC_VECTOR = INTEGER

Unsigned_int <= TO_INTEGER( UNSIGNED(A_slv) );
Signed_int <= TO_INTEGER( SIGNED (B_slv) );

m Metatpont INTEGER = STD_LOGIC_VECTOR

C_slv <= STD_LOGIC_VECTOR(TO_UNSIGNED (Unsigned_int,8));
D_slv <= STD_LOGIC_VECTOR(TO_SIGNED(Signed_int,b8));

m ITopddeyua xonong: AevBuverodotnon ce uviun ROM

[Data_slv <= ROM( TO_INTEGER (UNSIGNED (Addr_slv)) ); ]

Ynpato yio o wopadelyuota

signal A_slv, C_slv : std_logic_vector (7 downto 0);
signal Unsigned_int : integer range 0 to 255;
signal B_slv, D_slv : std_logic_vector(7 downto 0);
signal Signed_int : integer range -128 to 127;
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ZUvoyn Twv GUVOQTNGEWV UETATQEOIING TUITOV TOU
TOKETOV numeric_std

® AlAwGn yia Tn YENGN TOU JTOKETOU

LIBRARY ieee;
USE ieee.numeric_std.all;

B Tpa@ki avoTtaQdeToon TV ETUTEETTOUEVOV UETUTROTIMOV

to_integer(U) to_unsigned(l,N) std_logic_vector(U)
v
STD_LOGIC_VECTOR

to_signed(l,N) to_i nteger(S)std_I ogic_vector(S)
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YUVOQTNGELS UETATQOTING TOV TTAKETOU

std_logic_arith

m Xto std_logic_arith uiogovue va Beodue TG GUVOQTAGELS UETATQOTIAG

conv_integer, conv_unsigned, conv_signed, conv_std_logic_vector

KAnon cuvdgtnong

TTepypapn

conv_integer (param)

Metatpérmer wo  TOQAUETEO param  TUIToU
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wa T Tosrov INTEGER

conv_unsigned(param,b)

Metatpérmer wo  TOQAUETEO param  TYITOU
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wao T torov UNSIGNED ue uéyebog b bit

conv_signed(param,b)

Metatpérmer wo  TOQAUETEO param  TUITOU
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wo i ToItov SIGNED pe uéyebog b bit

conv_std_logic_-
vector(param,b)

MeTateéTel wo  TTaQAUeTRo  param  TUTTOU
INTEGER, UNSIGNED, SIGNED n STD_ULOGIC
oe wo i towov STD_LOGIC_VECTOR ue uéye-
Yog b bit

To maxéto std_logic_unsigned opitel vTTEEMOQTOUEVES EKDOYES TOV TTEOTWV TELOV

GUVAQTAGE®V UETATEOTTAG Yo dedouéva tiTtouv STD_LOGIC_VECTOR
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[Topadelyyoto LeTATEOTTOV Ue PAcn TO JTAKETO
std_logic_arith)

m Metatomri UNSIGNED, SIGNED = INTEGER

Unsigned_int <= CONV_INTEGER( A_uv );
Signed_int <= CONV_INTEGER( B_sv );

m Metatpomii INTEGER = UNSIGNED, SIGNED

A_uv <= CONV_UNSIGNED (Unsigned_int,8);
B_sv <= CONV_SIGNED (Signed_int,8);

m MetatpoTri UNSIGNED, SIGNED = STD_LOGIC_VECTOR

C_slv <= CONV_STD_LOGIC_VECTOR (CONV_INTEGER(A_uv),8);
D_slv <= CONV_STD_LOGIC_VECTOR (CONV_INTEGER(B_sv),8);

B ITapddewyua xenong: AtevBuvolodotnon ce uviiun ROM

Data_slv <= ROM( CONV_INTEGER(Addr_uv) );
Data_slv <= ROM( CONV_INTEGER(Addr_slv) );

ZApOTO Yo To ToAdElyloToL:

signal A_uv : unsigned (7 downto 0) ;

signal Unsigned_int : integer range 0 to 255 ;
signal C_slv, D_slv : std_logic_vector( 7 downto 0)
signal B_sv : signed (7 downto 0) ;

signal Signed_int : integer range -128 to 127;

2 N S N/ 4
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Wevdwvuua (aliases)

B "Eva weuddvupo eTmTEéTeL TNV avopoed GE OVTIKEIUEVO Ue
EVOAAAKTIKO TEOITO

m To weudodvuua uitoovv vo, BEATIOCOUV GNUAVTIKG Tnv
eukoMa avdyvmaong meptypapwv (readability) ge VHDL

B To weudodvuua LToovv va LeTovoudeouv 0ItolodnTToTE
ovoua otn VHDL eKkT6g amtd £TIKETTES KOl TTOQAUETQOUS
Towv evtod®dv LOOP kat GENERATE

B AlAwon yio Tov 0QLeUd €vOg WPEVINVULOU:

ALIAS <object name>: <aliased data type> IS <actual data type>;

m ITopddeyuo

ALTAS data_bus: high_byte (7 downto 0) is
short_word (15 downto 8);
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[TpookaBopiGuéveg Wotnteg (predefined attributes)

B O TpoKaAB0QIGUEVES LELOTNTES TTEOGEEQEOUVV TN SuVATOHTNTO
TTEQLYQAPNGS VEVIKOV TUNUATWV KOSIKO YloL 0TTOL08NITOTE
uéyebog Srovveuatog N TTivaka

m Katnyopieg wbiotitwv

B ISidtnteg Sedouévav: EMGTEéPOUV TTANQO@OQLa GYETIKE ue
éva Sdvuoua dedouévav
m I8i6tnteg onudtov: Emieteépovv tAngo@opio axeTikd ue
TV TEEYOVGA KATAGTACN N TO LOTORIKG UETOBOMG evig
GIUOTOC
B ZUvTagn TeokafoQlGUEVOV IBLOTATOV:

<data or signal name>’<attribute name>
il A6 nig mpokabopiouéveg dTnteg, opuouéves uGvo eivat
ouvBéaiueg
i) Mn ovuvbéoueg 18idtnteg onudtov: ACTIVE, QUIET,
LAST_EVENT, LAST_ACTIVE, LAST_VALUE
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AvaAvTIKOGS TTivaKkoS TTEOKAB0QLGUEVHOV LBLOTAT®V

m 'Ectw d 10 dvoua £vog Sraviouatog n stivaka kol s To Gvoua evog

GNULATOC

I8otnta [ Emotpepduevn tun
Ye cuvnBiouéva Sedouéva (Oxr attapbuntd)

d’Low O yaunAdteQog Selkng Tou Tivaka
d’HIGH O vynAdtepog delktng Tou TTivaka
d’LEFT O aplotepds delktng Tov TTivaka
d’RIGHT O 8eg16g delktng Tou TTivaka
d’LENGTH To uéyeBog tov dravicuatog
d’RANGE To evpog Tou Sravicuatog

d’REVERSE_RANGE

To avticTeo@o £UEog Tov Stavicuatog

Ye agtaQuiuntd dedouéva

d’ VAL (pos)

d’POS (value)
d’LEFTOF (value)
d’ VAL (row, column)

H i otnv kaboigduevn Héon

H 9¢on (SrevBuvon) tng kaboigduevng Tung

H twn otn 9éon ota 0puotepd tng KaBoQELIOUEVNGS TG
H twn otnv kaboeigduevn déon oe éva Sidtdotato Ttivarko

Ye avtikelyeva Tomov SIGNAL

s’EVENT
s’ STABLE
s’ACTIVE

AMnbég dtav mporvTiTEL GUUPAY GTO S
AMnBéc dtav dev TTEoKUTITEL GLUPBAY GTO S
AMnBéc av to s eivan 6e VA GTdBun
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[Tapadeiypata yenong reokabopleuévmy L8L0TNTOV

® ‘Ectw t0 akdAovbo crpa
SIGNAL d: STD_LOGIC_VECTOR(7 downto 0);

m Tote:

d’LOW=0, d’HIGH=7, d’LEFT=7, d’RIGHT=0, d’LENGTH=8,
d’RANGE=(7 downto 0), d’REVERSE_RANGE=(® to 7)

m [o to {8to onua, ov akdAovBeg evioAég GTig oTroleg yiveTon
eTikAnon Tteokafoplouévmwy WLoTATWV elvol 1GodUvaueg Kat
ovvBéaoiueg:

FOR i IN RANGE (0@ to 7) LOOP ...

FOR i IN d’RANGE LOOP ...

FOR i IN RANGE (d’LOW to d’HIGH) LOOP
FOR i IN RANGE (0@ to d’LENGTH-1) LOOP
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I816tnteg opLcdueves agtd to xpnotn (user-defined
attributes)
m [a tn xenowottoinon wag wWidtntag n omoio kaboeiteton ad To xenaotn

yeerdcetaw n AHAQYH tng kaw o IIPOXAIOPIEMOX tng
AnAwon W8idtntag:

ATTRIBUTE <attribute name>: <attribute type>;

m ITpogdiopioudg widtnrag:
ATTRIBUTE <attribute name> OF <target name>: <category> IS <value>;

m T waeddetyuos:

ATTRIBUTE number_of_inputs: INTEGER;
ATTRIBUTE number_of_inputs of nand3: SIGNAL is 3;

inputs <= nand3’number_of_pins;

m ITpaxtikd Taddeyua: n widtnta enum_encoding yio thy kwdikoTtoinon twv
Kataotdoewv evog FSM

TYPE color is (red, green, blue, black, white);
ATTRIBUTE enum_encoding OF color: TYPE IS "00001 00010 00100 01000 16000";

® Mo widtnta ogigduevn astd to xenotn dev pitoeel vo SnAwbel Ge GO TTAKETOV
(package body)
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Ardwon yevikig ctabepds (GENERIC)

B Ot yevik€G GTABERES TTEOGPEQOVTAL YLOL TNV TTOQAUETELIKA TTEQLYQOPT
KURAQUATOV

m Opitovv uia oTatiki TaEAdUeTEo Uue euPéleta Tnv entity kot Tig
architecture ToU KUKA®OUOTOS

m Emavgdvouv tn duvatdinta emavayenoyLoitoinong kOdka ce
SL0LPOEETIKA KURADUATO

m XUvtagn wag GENERIC

GENERIC (
<parameter name> : <parameter type> [:= <initialization];

)5
m ITopdSetyuos

entity test is

generic (n : integer := 8);
port (...);
end test;

architecture archtest of test is

end archtest;

NwoAaos Kappadiag nkavv@physics.auth.gr TAdGoeeg Ierypapng YAtkov



[Mapdderyua xeriong GENERIC: ITapaueteikog
KOTOYWENTING

~
library IEEE;
use IEEE.std_logic_1164.all;

entity reg is

generic (
WIDTH : integer := 32);
port (
clk, rst : in std_logic;
d_i : in std_logic_vector (WIDTH-1 downto 0);
d_o : out std_logic_vector (WIDTH-1 downto 0));
end reg;

architecture rtl of reg is
signal d_r : std_logic_vector (WIDTH-1 downto 0);
begin
process (clk)
begin
if (clk’EVENT and clk="1’) then
if (rst = ’1’) then
d_r <= (others => ’0’);
else
d_r <= d_i;
end if;
end if;
end process;
d_o <= d_r;
end rtl;
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Yvotatkd gtotyeio (COMPONENT)

m To cuatatkd gtoyyeio (COMPONENT) astotedel wo 181K
UOQONGS SAA®GN WOC OUTOVOUNG KUKAMUWOTIKAG TTEQLYQAPNS
n oTolo eITITEETTEL TN YENGLUOTTOINGN Tng aItd Teita
KUKA®UATO UE Th Lo@nR VTTouovadag

B AnA®GELS GUGTOTIK®Y XENGLULOTTOLOUVTOL GTNV LEQOQXIKNA

oxeblaon
m XUvtagn tng dSndwong COMPONENT

COMPONENT <component name> IS
[GENERIC (
<generic name> : <type> [:= <initialization>];

)]

PORT (
<port name> : [direction] <signal type>;

N
END COMPONENT;
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ZTyWOTUITO €vOG GUGTATIKOU GTotyelov

m To gtiywdtuTo (instance) evog GUGTATIKOU GTolxelov
(COMPONENT) agtoteAel €va avtiTuItd TOL TTOU
yonoworole{ton GTo TAALGLO TG SOUKNG TTEQLYQAPNGS VOGS
KUKA®ULOTOG

B Xe ulo KUKA@UOTIKA TTEQLYQO@n UITOQOUV Va
yonooromnBovv TeEQLGGOTEQA ATTO €val GTLYUWATUITO TOU
i{dtov COMPONENT ue StapogeTikég, evieydueva,

ovtioTolyloels onudtwv oTIS €106d0ug KAl €£680U¢ Tou
B Anglovgyia gtiywdtuTtov (xerion) asté COMPONENT
<label>: <component name>
[GENERIC MAP (
[<generic name> =>] <expression>,

s
PORT MAP (
[<port name> =>] <expression>,

N
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AvTtigTolyion Jupdv G GTIYMOTUITO GUGTATIKWY: Katd
dednAwuévn déon

B Xtnv TeQiTTTHon autni, vitovoeitol 4Tl éva orpo 6Tto xdetn
Yuewv (port map) avtigtoryiceton ye tn Jvea Tou Peloketon
gtnyv 8o 9éon, otn SNAwen Tov GUGTATIKOV

library ieee; h (;ignal carry : std_logic;
use ieee.std_logic_1164.all; begin
use ieee.numeric_std.all; bit® : full_adder port map (
A(®, B(®, '0’,
entity adder2b is C(0), carry
port ( );
A, B : in unsigned(l downto 0); bitl : full_adder port map (
C : out unsigned(2 downto 0) A(1), B(1), carry,
DH C(1), €(2)
end adder2b; );
end impl;
architecture impl of adder2b is
component full_adder
port (
a, b, ¢ : in std_logic;
sum, carry : out std_logic
)
end component;
J
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dvoua

AvTtigTolyion Jupdv G GTIYMOTUITO GUGTATIKWY: Katd

B Xtny Tepimttoon outh, 6To xdotn dupdv katayedeeTar entd n

avtigToiyion (port map) evég GRUOTOS Ue To TTEOTLVITO dvoua wag dveag

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

entity adder2b is
port (
A, B : in unsigned(l downto 0);
C : out unsigned(2 downto 0)
);
end adder2b;

architecture impl2 of adder2b is
component full_adder
port (
a, b, c:
sum, carry
N
end component;

in std_logic;
: out std_logic
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(;ignal carry : std_logic;

begin

bit® : full_adder port map (
a => A(®, b => B(®),
c=>"'0",
sum => C(0®), carry => carry
s

bitl : full_adder port map (
a => A(1), b => B(1),
c => carry,
sum => C(1l), carry => C(2)
DN

end impl2;
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ATt evBelag xenon GTymoTUITOV XWELS Tn SNAwcn
cuatatikoV (direct instantiation)

B Avti Tov 0VOUATOS TOU GUGTATIKOU, YIVETOL XQNGON TOV 1EQAQXIKOV
ovouatog tng aviictoyng ENTITY

B Y70 Ttaddeyua vrtobétovpe 6Tl To guatatikd full_adder Bpioketan
atn BiAodrikn work

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

entity adder2b is
port (
A, B : in unsigned(l1 downto 0);
C : out unsigned(2 downto )
H
end adder2b;

architecture impl3 of adder2b is

signal carry : std_logic;

begin

bit® : entity work.full_adder port map (
A(®, B(®), '0’, C(®), carry
)

bitl : entity work.full_adder port map (
A(C1), B(1), carry, C(1), C(2)
)

end impl3;
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ALU agtoteAovuevn astd cuatatikd (1)

m IleQypa@n tng aeuuntikig-Aoyikng wovddas (ALU) tng 2ng
SLGAEENG Ue XENON GUGTATIKMOV

B Anglovgyla EEXMELGTHOV TTEQLYQOP®V YO TIG ETILULEQOUS
vTtopovades: Aoyikn povdda (logic.vhd), abuntiki wovdda
(arith.vhd) kou TToAvTAEKTNG Stovuoudtwy (vmux.vhd)

B AlagUvieon Twv eTUEQOVS VITOLOVAS®Y YL TNV TTEQLYQOPT
TOU GUVOMKOU KURA®UATOS GTo agyeto alu.vhd
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ALU agtoteAovuevn astd GuGTATIKA (2)

m [IeQypapn Tou TToAVTAEKTN SlovucUdTmV

library ieee;
use ieee.std_logic_1164.all;

entity vmux is
port (
a, b: in std_logic_vector (7 downto 0);
sel : in std_logic;
X : out std_logic_vector (7 downto 0)
)3

end vmux;

architecture rtl of vmux is
begin
with sel select
X <= a when ’'0’,
b when others;
end rtl;
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ALU agroteAovuevn agtd cuaTatikd (3)

m IleQuypapn tng aQuOunTikig wovdadag

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity arith is
port (
a,b : in std_logic_vector(7 downto 0);
cin : in std_logic;
sel : in std_logic_vector(2 downto 0);
x : out std_logic_vector(7 downto 0)
N
end arith;

architecture dataflow of arith is
begin
with sel select
X <= a when "000",
a+1 when "001",
a-1 when "010",
b when "011",
b+1 when "100",
b-1 when "101",
a+b when "110",
a+b+cin when others;
end dataflow;
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ALU agtoteAovuevn astd GUGTATIKA (4)

m ITepuypaen tng AOYKIG wovdadag

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity logic is
port (
a,b : in std_logic_vector(7 downto 0);
sel : in std_logic_vector(2 downto 0);
x : out std_logic_vector(7 downto 0)
H
end logic;

architecture dataflow of logic is
begin
with sel select
X <= not a when "000",
not b when "001",

a and b when "010",
a or b when "011",
a nand b when "100",
a nor b when "101",
a xor b when "110",
a xnor b when others;

end dataflow;
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ALU agroteAovuevn astd GuGTATIKA (D)

library IEEE;
use IEEE.std_logic_1164.all;

entity alu is
port (
a,b : in std_logic_vector(7 downto 0);
cin : in std_logic;
sel : in std_logic_vector(3 downto 0);
y : out std_logic_vector(7 downto 0)
H
end alu;

architecture structural of alu is
component arith is
port (
a,b: in std_logic_vector(7 downto 0);
cin: in std_logic;
sel: in std_logic_vector(2 downto 0);
x : out std_logic_vector(7 downto 0)
)
end component;
component logic is
port (
a,b: in std_logic_vector(7 downto 0);
sel: in std_logic_vector(2 downto 0);
x : out std_logic_vector(7 downto 0)
bH
end component;

component vmux is
port (
a,b: in std_logic_vector(7 downto 0);
sel: in std_logic;
x : out std_logic_vector(7 downto 0)
);

end component;

signal x1, x2: std_logic_vector(7 downto 0);

begin

Ul: arith port map (
a =>a, b => b, cin => cin,
sel => sel(2 downto 0),
X => x1

);

U2: logic port map (
a =>a, b => b,
sel => sel(2 downto 0),
X => x2

);

U3: vmux port map (
a =>x1, b = x2,
sel => sel(3),
X =y

N
end structural;

NwoAaos Kappadiag nkavv@physics.auth.gr

TAdGeeg Ierypapng YAtkov




