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Libraries

Méypt topa otV apyn KAOE TPOYPALULATOS YPT|CLULOTOLOVLE TNV
akOAovOn BiA1001 KN

— library IEEE;
uépog ¢ omoliag eivar To mokéto (package)

— use IEEE.std logic_1164.all;
TO 0010 TTEPLEYEL TOVG OpLopovE TV data types std_logic, std_ulogic,
std_logic_vector ko std_ulogic_vector.

Extoc ¢ mapamdve BiAodnkng veapyovv ot
— library work;
— library std;
01 OTTOLEG TAVTOTE EIVAL OPOTES OO TOV YPNOT).
Mid BipAobnkn amoteleital amd moAAG components aAld Kot

packages ta omoia mepiéyovv functions, procedures, constants, types
KTA.
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Packages

o XvvnOmc¢ og peydha NAEKTPOVIKA oyEdia vdpyovv moAAd functions,
procedures, types, constants, components ktA ta onoia Tpénet vo
yPNoomonBovv amd ToALd dAla components 1 SLopoPETIKONG

oYEOL0OTEC. AVTA OAO UTOPOVV Vo TEPIANEOOVY GE £va TAKETO
(package).

Syntax for a package:

package <package_name> is
[exported_subprogram_declarations]
[exported_constant_declarations]
[exported_components
[exported_type_declarations]
[attribut_declarations]
[attribut_specifications]

end [<package_name>];

Declaration

package body <package_name> is
[exported_subprogram_bodies]
[internal_subprogram_declarations]
[internal_subprogram_bodies] BOdy
[internal_constant_declarations]
[internal_type_declarations]

end [<package_name>];
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Packages

e Tlapdoctypo

package mypack is
function minimum (a,b:in std_logic_vector)
return std_logic_vector;

-- declarations of exported constant and types:
constant maxint: integer := 16#FFFF#;
type arithmetic_mode_type is (signed, unsigned);

end mypack;

package body mypack is
function minimum (a,b:in std_logic_vector)
return std_logic_vector is
begin |
if a<b then
return a;
else
return b;
end if;
end minimum;
end mypack;
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Packages

* Agvmobécovpe 6T TO PO YoLUEVO TTakETO Eytve compiled otnv
BipAoOnkn mylib. I'ia va to ypnoworomaoovue tpénel vo SNA®OEL ¢
QNG

Library ieee;

Library mylib;

Use ieee.std_logic_1164.ALL;
Use mylib.mypack.ALL,;

e Edv 0éhovue va ypnoworomaoovue povo tnyv function minimum tote
LUTOPOVLE VO TNV ONADGOLLE MG EENC
Library ieee;
Library mylib;
Use ieee.std_logic_1164.ALL;
Use mylib.mypack.minimum,;
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Subprograms

Y dpyovv 000 E10MV LITOTPOYPEULLOTO,
— Procedures
— Functions

On functions mapdyovv uoévo pia Ty eved ot procedures mopdyovv
TEPLOGOTEPEG 1] KOl KOLLLOL.

To vrompoypaupato uropovv va optedovv e tpla LEPM LEGH GTOV
Koowa tng VHDL.

— Package
— Architecture
— Process

Mécoa ota vronpoypdupata o koowkog s VHDL givatl akoAovBiokoc
(sequential). Amayopebovtor o1 cuvIpEYovoes (Concurrent) evtolég
ommc process, when-else, with-select kabmc¢ ko 1 evioAn wait uéoo,
oe functions.
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Procedures

In the declaration part of the package:

procedure <procedure_name>
[ ( [object_class] arg_name {, arg_name}:
[mode] type [ ( index_range [, index_range] } |;
{ [object_class] arg_name {, arg_name}:
[mode] type [ (index_range [, index_range] ) ]}) I;

In the package body:

procedure <procedure_name>
[ ( [object_class] arg_name {, arg_name}:
[mode] type [ (index_range [, index_range] } |;
{ [object_class] arg_name {, arg_name}:
[mode] type [ (index_range [, index_range] ) ] } ) ] is
[constant_declarations]
[variable_declarations]
[type_declarations]

begin
sequence_of_statements
end [<procedure_name>];
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Procedures

e Mia procedure pumopei va aALGEeL TIC TYEG TV arguments . Aéyetou
¢ arguments constants, variables ko signals ta onoia pumopei vo,
yopaktnpiloviar o¢ in, out kot inout.

e Tlapdostypo

procedure ff (signal clk, data : in std_logic;

signal q: out std_logic) is
begin
loop
wait until clk='1";
q <= data;
end loop;
end ff;
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Procedures

e Tlapdoctypo

Architecture rtl of ex3 is
procedure calc ( a,b: in integer;
signal avg,max: outinteger) is
begin
avg<=(a+b)/2;
if a>b then
max<=a;
else
max<=b;
end if;
end calc;

begin
calc(d1,d2,q1,q2); -- Concurrent procedure call

process(d3,d4)
begin

calc(d3,d4,q3,q4); -- Sequential procedure call
end process;

end;
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Functions

In the declaration part of the package:

function <function_name>

[ ([ object_class] arg_name {, arg_name}:

[IN ] type [ (index_range [, index_range] ) ]

{ [object_class] arg_name {, arg_name}:

[IN ] type [ (index_range [, index_range] ) ]} ) ]
return type;

In the package body:

function <function_name>
[ ([ object_class] arg_name {, arg_name}:
[IN ] type [ (index_range [, index_range] ) ]
{ [object_class] arg_name {, arg_name}:
[IN ] type [ (index_range [, index_range] ) ]}) |
return type is
[constant_declarations]
[variable_declarations]
[type_declarations]

begin
sequence_of_statements
return(expression);

end [<function_name>];
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Functions

e Mia function dev pumopet va aAld&et Tig TIEG TV arguments .

Aéyeton m¢ arguments constants 1y signals ta omoia umopet va

yopaktnpilovial pdévo mg in.
o Ilapdderyuo oe package

package mypack is
function max (a,b:in std_logic_vector) return
std_logic_vector;
end;

package body mypack is
function max (a,b:in std_logic_vector) return
std_logic_vector is
begin
if a>b then
return a;
else
return b;
end if;
end;
end;
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Use work.mypack.ALL;

Entity ex is
port(...
end;

Architecture rtl of ex is
begin

q<=max(d1,d2);

process(data,g)

begin
data_out<=max(data,g);

end process;

end;

Library, package kot subprograms

-- Concurrent function call

-- Sequential function call
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Functions

o Tlapdaderyua o€ architecture

Architecture rtl of ex2 is
function max (a,b: in std_logic_vector) return
std_logic_vector is
begin
if a>b then
return a;
else
return b;
end if;
end max;

begin
q<=max(d1,d2); -- Concurrent function call

process(data,g)
begin
data_out<=max(data,g); -- Sequential function call

end process;

end;
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Functions

e Tlopdostypo ce Process

Architecture rtl of ex3 is
begin
process(data,g)
function max (a,b: in std_logic_vector) return
std_logic_vector is
begin
if a>b then
return a;
else
return b;
end if;
end max;

begin -- Start of process
data_out<=max(data,g);
end process;
end;
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Overloading

o TloAMég @opéc amanteiton n extédeon g idtac function aAld pe
olpopetika data types ota arguments. Xe avti v mepintmon 1 idwa
function npénel va opioBei moALEC popéc. AvTtd ovoudleTon

overloading.

e Tlapdoctypo

Library ieee;
Use ieee.std_logic_1164.ALL;

Package ex_pack is
function max(a,b: in
std_logic_vector;
function max(a,b: in
function max(a,b: in

end;

std_logic_vector) return

integer) return integer;

Package body ex_pack is
function max(a,b: in std_logic_vector) return
std_logic_vector is
begin
if a>b then
return a;
else
return b;
end if;
end;
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vlbit_vector) return vlbit_vector;

Library, package kot subprograms

function max(a,b:in vlbit_vector) return vlbit_vector is
begin
if a>b then
return a;
else
return b;
end if;
end;

function max(a,b:in integer) return integer is
begin
if a>b then
return a;
else
return b;
end if;
end;
end;
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Overloading

Library ieee;
Use ieee.std_logic_1164.ALL;
Use work.ex_pack.ALL;

Entity ex is

port( al,bl: in std_logic_vector(3 downto 0);
a2,b2: in vlbit_vector(4 downto 0);
a3,b3: in integer;

cl: out std_logic_vector(3 downto 0);
c2: out vlbit_vector(4 downto 0);
(o 1 out integer);

end;

Architecture ex_beh of ex is

begin
cl<=max(al,bl); -- Function max(a,b:std_logic_vector)
c2<=max(a2,b2); -- Function max(a,b:vlbit_vector)
c3<=max(a3,b3); -- Function max(a,b:integer)

end;
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Ap1OunTikd TokETa

» std logic_unsigned ko std_logic_signed.

Library ieee;
Use ieee.std_logic_1164.ALL;
Use ieee.std_logic_unsigned.ALL;

Architecture rtl of ex is
begin

q<=a+b; --unsigned add
end;

« std _logic_arith

Library ieee;
Use ieee.std_logic_1164.ALL;
Use ieee.std_logic_arith. ALL;

Architecture rtl of ex is
begin
ql<=unsigned(a) + unsigned(b);
q2<=signed(a) + signed(b);
end;

Library ieee;
Use ieee.std_logic_1164.ALL;
Use ieee.std_logic_signed.ALL;

Architecture rtl of ex is
begin

q<=a+Db; --signed add
end;

-- unsigned add
-- signed add
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Type conversion

e Tlopadsiypoto cuvapTGE®Y LETOTPOTNG
— function to_stdlogicvector (s : bit_vector)
return std_logic_vector;
— function conv_integer(arg : std_logic_vector)
return integer;
— function conv_std logic_vector(arg : integer; size integer)
return std_logic_vector;

 Kavovag: Xe éva kol oy£010 Oa Tpemel va ypnGIULOTOI0VVTOL OGO TO
OVVATOV MYOTEPO O1 GLVAPTNGELS LETOTPOTNGC,
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Shift operators

e Ot akorovbor shift operators mpootédnkav otnv VHDL-93
sl --Shift left ror --roll over right
srl --Shift right sla --shift left, and keep value ‘right
rol --roll over left sra --shift right, and keep value ‘left

sli srl

S e o E N 'y

=== e

ror

sla sra

e L W e
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Shift operators

e Tlapdoctypo
— architecture beh of ex iIs

begin
a<="“01101";
gl <=asll 1; --gl1 =“11010”
g2 <=asrl 3; -- g2 = “00001”
g3<=arol2; --q3=%10101"
gd<=arorl, --g4="10110"
gb<=asla2; --g5=%10111"
go<=asral, --g6=“00110"
end;
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[Tapaoeryua Library - Package

e 10 akOLlovOo Tapaderyua ivon £vo package (kwdikac VHDL)
10 omoio epéyel dvo functions kon dvo procedures

e 10 package evtacoeton énerta o€ pio Library (avrtikeipevo tov Aoyiouikot I1SE)

-- File: c:\my designs\ex_mypack\SRC\mypack.VHD
-- Library - Package. Created by Design Wizard: 02/01/01 12:12:20
Library ieee;
Use ieee.std logic 1164.ALL;
package mypack is
function minimum (a, b : in std_logic_vector)
return std_logic_vector;
function maximum (a, b : in std_logic_vector)
return std_logic_vector;
procedure my_flip_flop (signal clk, data : in std_logic;
signal g : out std_logic);
procedure my_latch (signal enable, data_in : in std_logic;
signal data_out : out std_logic) ;
end mypack;
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[Tapdderypo Library - Package

package body mypack is
function minimum (a, b : in std_logic_vector)
return std_logic_vector is

begin
if a<b then
return a;
else
return b;
end if;

end minimum;
function maximum (a, b : in std_logic_vector)
return std_logic_vector is

begin
If a<b then
return b;
else
return a;
end if;

end maximum;
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[Tapdderypo Library - Package

procedure my_flip_flop (signal clk, data : in std_logic;
signal g : out std_logic) is

begin
loop
wait until clk ='1"
g <= data;
end loop;

end my_flip_flop;

procedure my_latch (signal enable, data_in : in std_logic;
signal data_out : out std_logic) is
begin
if enable='1"' then
data_out <= data_in;
end if;
end my_latch;

end mypack;
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[Hapdoeryua 1

-- File: c:\\my designs\test_ex_mypack\SRC\test_ex_mypack.VHD
-- Created by Design Wizard: 02/01/01 12:27:40

library IEEE;

use IEEE.std_logic_1164.all;

library mylib;

use mylib.mypack.all;

entity test._mylib is
port(a,b:inSTD LOGIC VECTOR (1 downto 0);
c,d:outSTD LOGIC VECTOR (1 downto 0));
end test_mylib;

architecture beh of test mylib is
begin

¢ <= minimum(a,b);

d <= maximum(a,b);
end beh;
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[Hapdoeryua 1
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enable

b

clk
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[Hapaoerypo 2

Latch

intl

Latch

Int3

Int2
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[Hapaoerypo 2

-- File: c:\my designs\test2_ex_mypack\SRC\comp 1.VHD
-- Created by Design Wizard: 02/02/01 18:31:11
library IEEE;
library mylib;
use IEEE.std_logic_1164.all;
use mylib.mypack.all;
entity comp_1is
port ( a, b, clk, enable: in STD_LOGIC;
c.out STD _LOGIC);

end comp_1;
architecture comp_1 beh of comp 1 is
signal intl, int2, int3 : STD_LOGIC,;
begin

my_latch (enable, a, intl);

my_latch (enable, b, int2);

int3 <= intl and int2;

my_flip_flop (clk, int3, ¢);
end comp_1 beh;
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Acxnoeic-IIpoBAnuata

1.  No dnuovpynoete pia Library pe functions yua tic akdAov0eg
ocvvaptioelg Boole

AND2 NOT AND3
NAND?2 XOR2 NAND3
OR2 XNOR?2 OR3
NOR?2 NOR3

2.  Noa dnuovpynoete pia Library pe procedures yio tic mopamave
ocvvaptioelg Boole

3.  Naneprypayete oe VHDL ta kokhopoata tov aocknceeov 1 ko 3
10V Keparaiov “Elcaywyn otn 'howoca” ypnoilonoioviog Tig
napamave Libraries. Exain0edote tnv Loyikn TV KOKA®UATOV UE
eCopoimon.
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Aocxnoeic-1]

Latches kot Flip-Flops.
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SR

1" Triggered D

—O|'s - —1D »
—0O| R ) —C )
SR D with 1 Control

(a) Latches

S —J
—0OlC 1C
R K
1" Triggered SR 1L Triggered JK

(b) Master-Slave Flip-Flops

D — J —
—C
—@l C (o) o

K

| Triggered D | Triggered JK

(c) Edge-Triggered Flip-Flops
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poBAnuato

* Noa dnuovpynoete pio Library mov va meprypdeet to akdéAovda

— K o

| Triggered JK
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