Concurrent VHDL

e Concurrency

e Signal

 Inertial ko1 Transport delays

o Tlapdaocrypa oe Inertial kot Transport delays
o IIpocouoimon mapadsiypatoc oe Inertial ko Transport delays
o Koabvotépnon Delta

e H evroin When-Else

e H evroin With-Select

» Objects, class kau type

e Data types

o QOperations

» std _ulogic xou std_logic type

*  ApPYIKES TIUEC
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Concurrent VHDL

[Mopdoeryua 4-to-1 Multiplexer

— 4-to-1 Multiplexer ue When-Else

— 4-to-1 Multiplexer pe With-Select

— mpocopoimon mapadetyuotog 4-to-1 Multiplexer
[MToapdderypa 4-bit Ripple Carry Adder

— mpocopoimon 4-bit Ripple Carry Adder
Aocknoelg - IpoBinuato
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Concurrency

e To Hardware amd tv ¢von tov sival TapaAinio

— 1 VHDL ekteleitan pe avaioyo tpomo 0 omoiog ovoudleton concurrent
(cvvTpéymv - TapdAInAog)

—  0LTO EMTPEMEL TNV OTTO10, GEIPE, EKTEAEGTG TV EVIOADY GTOV KOOIKO

* Toa akoAovOa mapadeiypota eival 1GOOOVaLLOL

architecture examplel of ex is architecture example2 of ex is
begin begin

a<=b; b<=c;

b<=c; a<=D;

end examplel; end example2;

c ™~ B_ NN A
L L
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Signal

* Ta signals amotelovv avtikeipeva Ta omoia eival concurrent
—  KOTOAANAQ Yo TNV TTeptypaen Tov hardware

— avrifeta, o variables arotehovv sequential avtikeipeva

Syntax:

Signal assignment:
<target_identifier> '<=' <selected_expression>';'

e Tlopadsiypata
— signal a, b, c: std_logic;
— c<=anorb;
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Inertial ko Transport delays

* Inertial delay
— amoteAel Tnv Ko kabvotépnon ot VHDL
— mokuot eupoug pikpdtepov tov Inertial delay dev dradidoviau

— enéxtaon: Reject Inertial Delay Model
TaApol eupovg pikpotepov Tov Reject delay dev dradidovtal

e Transport delay

— o1 maApoi dtadidovrot aveEapTNTMS EHPOVS
e Tlopadsiypata

— bl <= aafter 5ns;

— bl < = inertial a after 5ns;

— bl <= aafter 10ns, b after 20ns;

— bl <= transport a after 10ns;

— bl <= reject 4ns inertial a after 10ns;

e  XPNGOTOI0VLVTOL LOVO Y10 TPOGOUOLDCELS
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[Hapdoetypa oe Inertial kot Transport delays

-- File: c:\\my designs\delay test1\SRC\delay test1l.VHD

-- created by Design Wizard: 01/25/01 19:54:57
library IEEE;
use IEEE.std_logic_1164.all;
entity delay testl is

port (A :in STD _LOGIC;

B,C,D,E,F G:out STD_LOGIC);

end delay_testl;
architecture delay testl comp of delay testl is
begin

B <= inertial A after 5ns;

C <=Iinertial A after 10ns;

D <= transport A after 10ns;

E <= transport A after 20ns;

F <= reject 4ns inertial A after 5ns;

G <= reject 4ns inertial A after 10ns;
end delay_testl comp;
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IIpocouoimon mapadeiyporoc oe Inertial ko
Transport delays

[0 T0 oMua 16000V A YPNGIUOTOGAUE TNV aKOAOLOiOL!
L10ns H4ns Lons H6ns L14ns H20ns L40ns
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Kabvotépnon Delta

o Delta delay: ypdvog avéiueoa og dvo axolovOiakd (sequential) yeyovora.
e Jgv elvau TPayLaTKOg YpOvVog
* gKTEAEITON EVD TO POAOL TOV TPOGOUOIMTN Eivor akivnro.

e 210V KaBOPIGUO EVOC GTIULATOS OVTO TOLPVEL TNV TIUT TOL HETE amO Eval
ypovikd didotnua ico pe Delta delay
B <=a; -- Signal B assign value of signal a after one delta delay.

 H mopoaxdto ypouun 0o tpokaiécel dmelpn TOAAVI®OGON
KOTO TNV TPOGOUOIMOT] KO TPETEL VO, ATTOPEVYETAL
a<= not a;
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H evtol When-Else

Syntax:

<target> <= <expression> [after <expression>] when <condition>
<expression> [after <expression>] .... ;

e Tlapdoeryna
entity example is
port (a, b, ¢ :instd_logic;
data :instd_logic_vector(1 downto 0);
q . out std_logic);
end example;
architecture rtl of example is
begin
q <= awhen data="“00" else
b when data="11" else
C,
end rtl;
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H evtoan When-Else

e Tlopdderypno VHDL-93
architecture rtl of example is

begin
q <= awhen data="00" else
b when data=*11"  -- No else for VHDL-93
end rtl;

 Three state buffer

ENABLE

DATA DBUS

The synthesis result.

dbus <= data when enable = '1' else 'Z';
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H evtoin With-Select

Syntax:

with <expression> select
<target> <= <expression> when <chose> ;

e Tlapdoctypo
entity example is
port (a, b, ¢ :instd_logic;
data :instd_logic_vector(1 downto 0);
q . out std_logic);
end example;
architecture rtl of example is
begin
with data select
q <= awhen “007,
b when “11”,
¢ when others;
end rtl;
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Objects, class ko type

* 'Eva object mepiéyer pia tiun evog kabopiopévov tomov (type)

Class Object Data type
Signal a. std_logic
e Class

— Constant: oev aAldletl Tiur). Mmopel va opreBei mavtod kot pmopet
vol €lvoit 0TO10VONTTOTE TUTOV.

e [Topaoctypo constant a: a_type :="“1001";

— Variable: aAAdler tynéc. Mmopel va oprobel uéoa o€ Process ko
subprograms kot umopei vol €ivot 0To1ovdNToTE THTOV.

e [Tapdoctyua a .= John;

— Signal: aALdlel TipéC oe oyéom e Tov Ypovo.
e [Tapdoctyua a<=Db_in;
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Data types

 Boolean type

— Mmnopei va wapet Tig Tipég true ko false.
Constants, variables kot signals pmopotv va opiobovv wg Boolean.

— TMapdoeryua:
Architecture rtl of example is
begin
process(....)
variable check: boolean;
begin
check :=a<b;
If check then ......

end process;
end rtl;
o Koatd v obvBeon to true yiveton “1” xou o false “0”.
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Data types

e |Integer type

— Ax€paiog Tov omoio To unkoc¢ o€ bits eEaptdTon amd 1o epyaieio
Tov ypnoipomolovue. Xvvibwmg etvorn 32 bits kot dpo pmopel va
KopoavOel and

-2147483648 ¢ 2147483648.
— Topoodeiypota :
constant loop_number: integer:=354;
signal my _int: integer range 0 to 255;

e Bittype
— Mnopet va mépet Tic tyég ‘0’ 7 ‘1’
— ITMapdoeryua:
signal my_sig: bit;
my _sig <= "0
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Data types

e Character type (VHDL-87)

type character is ( ,
NUL, SOH, STX, ETX, EOT, ENQ, ACK, BEL,
BS, HT, LF, VT, FF, CR, SO, SI,

DLE, DC1, DC2, DC3, DC4, NAK, SYN, ETB,
CAN, EM, SUB, ESC, FSP, GSP, RSP, USP,
P WM R SR, & Y

‘¢, N, N Y,

‘o, 1y, 2, '3, 4, s, e, T

'8, 9, LN, T, D,

'@, 'A', B, 'C, D, 'E, 'F, 'G,

'H, 'T, 7, 'K, 'L, M, 'N, 'O,

P, 'Q, 'R, 'S, 'T", 'U, 'V, 'W,

XL, 2, ', N, T, N,

,ofal, b, e, e, ', g,

h, 1, %, 'k, 1, 'm, 'n', '0,

P, 'q, 't s, 't o, WV, 'W,

x, Oy, oz, L, Y, =, DEL);
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Data types

 Vectors
— Tloapoaodeiypota
entity example is
port (a:instd logic_vector (3 downto 0);
b :instd_logic_vector(0 to 3);
c : out bit_vector (0 to 2);
end example;

architecture rtl of example is
signal intl: std_logic_vector (5 downto 0);
signal int2: std_logic_vector(0 to 2);

begin
intl <= “100100"
int2 <= “110”
end rtl;
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Data types

o T'o ta bit vectors woyvovv Ta akdAovda:

Binary B”10001”
Octal 0”427”
Hex X”"FAEG”

a_vect<=B"1100_0011_0011_1100";--
a_vect<="1100001100111100"; - -

a_vect<=X"C33C", -

a_vect<=X"C3_3C"; .

a_vect<="1100_0011_0011_1100"; --
a_vect<="C33C"; .
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Good

Identical to first
assignment

Identical to first
assignment

Identical to first
assignment

Error, B missing

Error, X missing
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Data types

['a tov oplopd peydiwv vectors kot 6tav B ovpe va opicovpe ToALd
OTOLYEL0L TOV AVOGLOTOC GTNV 1010 TIUN Y pNoLomTolovue to others

— Tloapoodeiypota

 signal a: std_logic_vector(31 downto 0);
a <= *00000000000000000000000000000000™;
a<=(others=>’0’);

« signal b: std_logic_vector(5 downto 0);
b <=*“0100107;
b <=(1=>’1",4=>’1", others=>’0’);

Concatenation (aAAniovyia) u€cm tov teEheotn &

— signal a: std_logic_vector(5 downto 0);
signal b,c,d: std_logic_vector(2 downto 0);
b<=0"&c(1l) & d(2);
a<=c&d,

— Edv c<=*011", d<="101" tote to b givon “011” ko o a sivau
“011101”.
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Data types

e Array type
— Miog didctaong
type std_logic_vector is array (natural range <>) of std_logic;

type my_array is array (0 to 5) of std_logic;
type that_array is array (3 downto 0) of std_logic;

— THoAA®V J106TACE®Y
type data4x8 is array (0 to 3) of std_logic_vector (7 downto 0);
type data3x4x8 is array (0 to 2) of data4x8;
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Data types

 Type declaration

— Eilvat duvatdv va ONpiovpynGouvLE TOVS OIKOVS LG TOTTOVS (G
type <identifier> is <type_definition>;

— Tloapoodeiypota
type A _type is array (3 downto 0) of std_logic;
type my_int is integer range 0 to 63;
signal intl : A_type;
signal int2 : my_int;

e Time
— constant delay : time := 0ns;
a <= b after delay;
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Data types

 Enumerated type
— Type state_type is (start, idle, waiting, run);
signal state : state_type;

 Record type

— 'Eva record type umopei vo mepiéyetl 6Totyeio S10POPETIKOV TOTMV

type <identifier> is record
record definition
end record;
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12/8/2009

Data types

Architecture beh of ex is
type data_date is record

year: integer range 1996
month: integer range 1 to
date: integer range 1 to
hour: integer range 0 to
minute: integer range O to
second: integer range O to
data: std_logic_vector(31

end record;

signal d:data_date;

begin
d.year<=1997;
d.month<=4;
d.date<=8;
d.hour<=11;
d.minute<=57;
d.second<=22;
d.data<=data_in;

end;

Concurrent VHDL

to 2099;
12;
31;

23

59;
59;
downto 0);
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Data types

e Subtypes

— XpNoUOTOoLELTUL Yot VTOGVVOANL
 type counter is integer range 0 to 100;
 subtype low_range is counter range 0 to 50;

* Predefined Attributes
a named entity followed by an apostrophe and an attribute name.

12/8/2009

If clock’event then ...... --sequential VHDL

S'DELAYED(t)
S'STABLE
S'STABLE(t)
S'QUIET
S'QUIET(t)
S'TRANSACTION
S'EVENT
S'ACTIVE
S'LAST_EVENT
S'LAST_ACTIVE
S'LAST_VALUE
S'DRIVING
S'DRIVING_VALUE

is the signal value of S at time now - t .

is true if no event is occurring on signal S.

is true if no even has occurred on signal S for t units of time.
is true if signal S is quiet. (no event this simulation cycle)

is true if signal S has been quiet for t units of time.

is a bit signal, the inverse of previous value each cycle S is active.
is true if signal S has had an event this simulation cycle.

is true if signal S is active during current simulation cycle.

is the time since the last event on signal S.

is the time since signal S was last active.

is the previous value of signal S.

is false only if the current driver of S is a null transaction.

is the current driving value of signal S.
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Operations

Relational Operators

Arithmetic Operators

Symbol Operand | Symbol Operator
= equal |+ addition
/= not equal ‘subtraction
< less than * multiplication
> greater than / division
<= leSS than or equal abs abSOIUte Value
>= greater than or equal [rem remainder
|mod modulus
|** exponentiation
12/8/2009 Concurrent VHDL
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std_ulogic xou std_logic type

» std ulogic type

Std_ulogic is a type which is declared in the ieee package
std logic 1164. Std_ulogic can assume the following values:

1 'U"  -- Uninitialized

2 'X' == Forcing Unknown
3 '0"  --Forcing 0

4 'l'"  --Forcing 1

5 'Z'  -- High Impedance

6 'W' -- Weak Unknown -
7 'L'  --Weak 0

8 'H' --Weak1

9 '-'  --Don't care

e std logic type

Std_ulogic is a type which is declared in the ieee package
std logic 1164. Std_ulogic can assume the same values as
std_logic. The difference is that std_logic is defined as:

subtype std_logic is resolved std_ ulogic;
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std_ulogic xou std_logic type

e H dwpopd avauesa ota std_ulogic ko std_logic eivan eppavig oe
oy£dta OToV Eval oo odnyeital amd TEPIOGOTEPOVGS TOV £VOG Arivers.
— std_ulogic: To mapomdvem 0dnyel oe TpoPAnua ko o€ Aabog oto compilation
— std_logic: étav éva onjpo odnyeiton amd TepIocOTEPOVS TOV VO drivers,
ektedeiton pio mpokabopiopévn cvvaptnon (resolution function)

KOl 0TOPEVYETOL TO TPOPANLLAL.
['a 1o Adyo avtd, o std_logic ypnowwomnoieital oe three-state buses
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std_ulogic xou std_logic type

Entity ex is EN1
port( d,c,en1,en2: in std_logic; IJ\ DBUS
dbus: out std_logic);
end; D b
Architecture rtl of ex is
begin EN2
dbus<= d when enable1="'1' else 'Z'; J\
dbus<= c when enable2='1" else 'Z'; | - o
end ; /
Entity ex is
port( d,c,en1,en2: in std_ulogic;

dbus: out std_ulogic);
end; e
Architecture ril of ex is E R RO R
begin
dbus<= d when enable='1' else 'Z';
dbus<= ¢ when enable2="'1' else 'Z';
end ;
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APYIKEC TIUEC

e 210 ¥pOVO UNOEV KOTA TNV TPOGOUOIMGT OAQ TOL GTUOTO TALIPVOVV TIG
apykES Tovg TeS. H tiun avtm e€aptdtal omd tov TUTO TOL GNUOTOG
Kot .oovton ue Ty tiun datatype’left.

— type bitis (‘0’, “17);

— typestd_logicis (‘U’, ‘X7, ‘07, “1°, *Z°, “W’, °L’, *H’, *-");
o Bit’left="0’
o Std_logic 'left="U’

e  Mmnopovue vo, GALAEOVUE TIG OPYKES TILEC G EENG:
— signal intl: std_logic:=*1’;
— signal int2: std_logic:=*Z’;
— signal my_vect: std_logic_vector(3 downto 0):=*00LL";
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e
s, >_

[Hapdoerypa 4-to-1 Multiplexer

Function table

S, Sy Y
0 0 D
0 1 Dy
1 0 Dy
1 1 | D

UHJLHU
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4-t0-1 Multiplexer pe When-Else

-- File: c:\my designs\mux_4 to 1 we\SRC\mux_4 to_1 we.VHD
-- Using When-Else. Created by Design Wizard: 01/26/01 17:20:27
library IEEE;

use IEEE.std_logic_1164.all;

entity mux_4 to 1 we s
port (S:in STD_LOGIC _VECTOR (1 downto 0);
D:in STD_LOGIC_VECTOR (0 to 3);
Y:out STD _LOGIC);
end mux_4 to 1 we;

architecture function_table of mux_4 to 1 we is
begin
Y <= D(0) when S ="00" else
D(1) when S ="01" else
D(2) when S ="10" else
D(3) when S ="11";
end function_table;

12/8/2009 Concurrent VHDL

72



4-t0-1 Multiplexer ne With-Select

-- File: c:\my designs\mux_4 to 1 we\SRC\mux_4 to_1 we.VHD
-- Using With-Select. Created by Design Wizard: 01/26/01 17:20:27
library IEEE;

use IEEE.std_logic_1164.all;

entity mux_4 to 1 we s
port (S:in STD_LOGIC _VECTOR (1 downto 0);
D:in STD_LOGIC_VECTOR (0 to 3);
Y:out STD _LOGIC);
end mux_4 to 1 we;

architecture function_table of mux_4 to 1 we is
begin
with S select
Y <= D(0) when "00",
D(1) when "01",
D(2) when "10",
D(3) when others ;
end function_table;
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IIpocouoimon mapaoetypatog 4-t0-1
Multiplexer

. 100 + 200 + 300 + 400 + 900 . . 600 . . 700 . + 800 » 900 ns |
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[Hapdodetypa 4-bit Ripple Carry Adder

4-bit
A Ripple
Adder S
B
C4
CO
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[Tapdodetypa 4-bit Ripple Carry Adder

-- File: c:\my designs\adder_4 b _beh\SRC\adder_4 b_beh.VHD
-- Behavioral Description. Created by Design Wizard: 01/29/01 20:15:30
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
entity adder 4 b beh is
port (A, B:in STD_LOGIC VECTOR (3 downto 0);
CO :inSTD_LOGIC;
S ;out STD_LOGIC _VECTOR (3 downto 0);
C4 :outSTD_LOGIOC);
end adder_4 b _beh;
architecture adder_beh of adder_4 b beh is
signal sum : STD_LOGIC_VECTOR (4 downto 0);
begin
sum <= ('0'& A) + ('0' & B) + ("0000" & C0);
C4 <=sum(4);
S <=sum(3 downto 0);
end adder_beh;
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IIpocouoimon 4-bit Ripple Carry Adder

10 .

.20 .

30. 1 .40 1 .50 .

.60 . |

.70

.80 . 1 .

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

O TR T T e T A P LA LR LTIt

..........................................................................................................................................................................................................................................................................

..........................................................................................................................................................................................................................................................................

12/8/2009

Concurrent VHDL

77



Acknoelc - IpopfAnuata

1. Ileprypdyte oe VHDL tov 4-t0-1 Multiplexer g eninedo molmv.
EAéyEte v Aoy pe mpocouoimon). Zvykpivete Tov apldud celpmv
TOL KOOIKA GOG LE OVTOV GTO ADUEVA TTOPAOELY LOLTAL.

2. O mivaxog aindeiog evog 2-to-4 Line Decoder ivat o akolovBog

Al | AO | D3 (D2 | D1 | DO
0 0 0 0 0 1
0 1 0 0 1 0
1 0 0 1 0 0
1 1 1 0 0 0

2¥€0106TE TO KOUKAWO Le TOAEC, meptypayte To 6 VHDL xat edéyEte
TNV AOYIKT pue Tpocsopoimon. Ieprypayte Eovd 1o kOkAoua o VHDL
ypnopomolmvtog Tig evrorég When-Else ko With-Select.
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Acknoelc - IpopfAnuata

3. Iepryphyte e VHDL tov 3-t0-8 Line Decoder ypnoipomoimviog

116 evrorég When-Else ko With-Select. EAéyEte tnv Aoykn e
TPOGOLOTMOoN.

>
>
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Acknoelc - IpopfAnuata
4. Tleprypdyte oe VHDL xan eAéyEte TV AoyiK LE TPOGOUOLMGT) Yo TO
TOPAKATO
— TloAamiaciactig 2 bits.

— TMoMamiaociootig 4 bits.
— Awupénc 4 bits.
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