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AKoAoVOLOKOC KOOUKOG

 xwowkas VHDL

— exteleiton uéoa oty architecture pe cvvrpéyovta tpdémo (concurrently)
— €KTOG Gv cuvavtovue processes, functions ko procedures

Architecture rtl of ex is
concurrent declaration part
begin

concurrent VAADL

process(...)
sequential declaration part

begin Process, one concurrent statement
sequential VHDL
end process;

concurrent VHDL
end;
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Signals ko variables

e signals
— opilovtal 610 GLVTPEXOV UEPOG TOV KDOTKOL
—  AopPavouy TIHEC Pe TO GVUUPOAD <=

—  XPNOUOTO0VVTOL TOGO GTO GLVTPEXOV OGO KOl GTO AKOAOLOLOKO HEPOG

e variables

— opilovtal Kot xpnoUomToloHVToL HOVe 6T0 0KOAOVOLIKO PHEPOS TOL KMIKA

—  loppdavovv tipéc pe to oduPoro - —

—  &yovv v ida cvumepipopd pe Tig variables otic kowvég YAmwooeg
npoypappaticpov ( C++, C, Fortran xth)

— umopovv vo opteBovv yia Tovg idtovg data types onwg ko ta signals

o EMTPEMETOL O OPIGUOG TNG TIUNG Miag variable pe v tiun evog signal
KO OVTIOTPOQMC (epocov Péfoia eivar Tov iotov data type)
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u

pO:process
begin

wait for 10 ns;
suml<=suml+1;
sum2<=suml+1;

end process;

2

Signals ko variables

Suml, Sum2 = Signals

Suml and sum2 are variables:

pl:process

variable suml, sum2: integer;

begin
wait for 10 ns;
suml:=suml+1;
sum2:=suml+1;

end process;

Suml, Sum2 = Variabl

Time Sum1 |[Sum 2 Time Sum1l |Sum 2
0 0 0 0 0 0
10 0 0 10 1 2
10 + 1 delta 1 1 10 + 1 delta 1 2
20 1 1 20 2 3
20 + 1 delta 2 2 20 + 1 delta 2 3
30 2 2 30 3 4
30 + 1 delta 3 3 30 + 1 delta 3 4
12/8/2009 Sequential VHDL 85



Process statement

M 10€0 TOV Process Epyetat omd To Koo software to omoio givon
akoiovOiakd (sequential)

wio process umopei va Bpioketor o€ Kataotoon avapovig (waiting)
1N extéleong (executing)

&v M process Bpicketol € KATAGTAGT OVOLLOVIG

uio €101KN cLVONKN TPETEL VoL TANPELITOL OGTE VO, aPYIcEL VA
ekteleiton, m.y. wait until clk="1";

(Comaty

start

e 3
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Process statement

The syntax for the process is:

[<process_name> :] process [ (<sensitivity_list >) ]
[<process_declarative_part>]

begin
<process_statement_part>

end process [<process_name>];

Syntax (VHDL-93):
[<process_name> :] process [ (<sensitivity_list >) ] [is]

begin

end process [<process_name>];

e puio process ekteieital pe kKGOe arloyn evog amod Ta E1GEPYOUEVA
signals, ta omoia mepiéyovton oty sensitivity list

12/8/2009 Sequential VHDL

87




[Tapdoerypa pProcess

o X& autd To TaPAdELY L OEV INAMVOLUE Ta onuaTa otn sensitivity list
AAG YPMGLULOTOLOVE TNV EVTOAN Wait until.

CLK e 15 rtPROCESS
A_in C_out
»7 &I41b >
B _in D out
= 1b fse
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ITeprypaoeny VHDL

-- File: c:\my designs\ex_1 proc\SRC\ex_1 proc.VHD

-- Example process Created by Design Wizard: 01/30/01 13:36:15
library IEEE;

use IEEE.std_logic_1164.all;

entity ex_1 proc is
port (CLK, A_in, B_in:in STD_LOGIC;
C_out, D _out ;out STD_LOGICO);
end ex_1 proc;

architecture ex_1 proc_behav of ex_1 proc is
begin
SYyNc_process: process
begin
wait until CLK="1";
C_out<=not (A_in and B_in);
D out<=not B_in;
end process sync_process;
end ex_1 proc_behav;
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IIpocouoimon

e CLK:10MHz, A in:4MHz, B in:5MHz

C out |
D out |
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Combinational Process

O1 combinational process ypnoiuomolovvTal 6GToV GYEdUCUO
cuvdVaoTIKNG Aoyikng (combinational logic).

Y& uio combinational process oia ta eicepydueva signals mpénel va
oniavovtor oty sensitivity list (AMiota svouctnoiog).

H process exteleital pe kabe aAhayn evog amd ta eloepyoueva, signals
T omoia TepiEyovTal otny Sensitivity list.

Yrdpyel n dovvatdtnTa TopdAnyng evoc signal otny sensitivity list.
Avtd dum¢ Tpémel va yivetor uovo oe mepimtmoelc modeling.

Edv éva signal mapaieipdei omd tmv sensitivity list téte to amotéleoua

NG Tpocopoimong ko g ovvOeonc (hardware) Ba etvorn dtopopeTikd.
Av10 givan éva coPapo Adboc.

Kavovag : [Ipénel va dnAdvovtar OAa ta signals oty sensitivity list
otV mepinTmon tng combinational process.
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Combinational Process

e 20010 TapPdOEy O
— comb_process : process (A _in, B_in)
begin
C_out <=not (A _inand B _in);
D out<=not B_in;
end process comb_process;

e Tlopdostypa mpog amopuyny
— comb_process : process (B_in)
begin
C_out<=not (A _inand B_in);
D out<=not B_in;
end process comb_process;
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Clocked Process

* Ouclocked process ypnowomotovviar otov oyeotacud flip-flops ko
mOavov ko € cuvovaoTtikiy Aoyikn (combinational logic).

» Ouclocked process sivatl cOyypoveg kot TOAEC 0O VTEC HTOPOVV VO
XPNOLOTO00V TO 1610 poArot (clock).

e ExteloOvtol pe v aAloyn (mtmon 1 dvooo) Tov poAoY1ov.
* Otclocked process divouv flip-flops

example : process

: DIN DOUT
begin —D Q
wait until CLK=*1"; OLK FD
DOUT <= DIN; — CLK

end process example;
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[Tapdoderypo clocked Process

GLA -—---ol start
A in C_out
e - .
PROCESS A
B_in D_out
.
--OI start E out
- e
PROCESS B
C.in F_out*
.
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ITeprypaoeny VHDL

-- File: c:\\my designs\ex_2_ proc\SRC\ex_2 proc.VHD

-- Example clocked process. Created by Design Wizard: 01/30/01 18:07:40
library IEEE;

use IEEE.std_logic_1164.all;

entity ex_2_proc is
port ( CLK:in STD_LOGIC;

A in:in STD LOGIC;
B in:in STD_LOGIC;
C in:in STD _LOGIC;
C_out: out STD_LOGIC;
D out: out STD _LOGIC;
E _out: out STD LOGIC;
F_out: out STD_LOGICO);

end ex_2_proc;
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ITeprypaoeny VHDL

architecture ex_2 proc_beh of ex_2 proc is
signal intl : STD _LOGIC;
begin
A _process : process
begin
wait until CLK="0";
C_out <=not (A_inand B_in);
D_out <= not B_in after 10ns;
intl <=not B_in after 10ns;
end process A _process;
B_process : process
begin
wait until CLK="0";
E out <=not (intl and C_in);
F out <=not C_in;
end process B_process;
end ex_2_proc_beh;
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[Ipocouotimon

50 . o . 100 1 150 1« 200 p +260 ., , ,300. , .35 . ; .400. 450 ns
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IF statement

* H evtolq if avtictoy el oty cvvipéyovoa evioAn when-else

Syntax:

if <condition> then <sequence_of_statements>

[elsif <condition> then <sequence_of_statements> ] ....
[else <sequence_of_statements> ]

end if; |

<condition>=
<expression> [<relational_operator> <expression>]..

<relational_operator>=

= /= < <= > >=
e |IfSEL =1’ then A
g C
C <=B; MUX |}—»
else B .
C<=A SEL
end if;
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|F statement

e Tlopadeiypara

if sel = '1' then
c<="1"; ...

elsif John = "1001" then
c<="0" ...

elsif David > John then
c<="1" ...

else
C<="X" ...

end if;

12/8/2009

Entity ex_if is

port( ssel: in std_logic;
a,b,syn: in  std_logic;
sout: out std_logic);
end;
Architecture rtl of ex_if is
begin
process(ssel,syn,a,b)
begin
if ssel='0' and syn='l' then
sout<=a;
else
if ssel='1' and syn='0' then
sout<=b;
else
sout<="0";
end if;
end if;
end process;
end;

Sequential VHDL



Case statement

* H evtoln case avtiototyel ot cvvrpéyovosa evioin with-select

Syntax:

case <expression> is
when <choice> => <sequence_of_statements> ;
when <choice> => <sequence_of_statements> ;

[when others => [<sequence_of_statements>] ;]
end case ;

<choice>= <choice> [ | <choice> [ ...]]

I=or
e case SEL is L o
when ‘0’ => C <= A; 5 MUX f—»
when ‘1’ => C <= B; =
end case;

SEL
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Case statement

e Tlopadsiypata

Entity case_ex2 is Architecture rtl of exl is
port( a: in  integer range 0 to30; begin
b: out integer range 0to6); pl:process(a)
end; begin
Architecture rtl of case_ex2 is case ais
begin when "00" => ql<="1";
pl:process(a) q2<='0';
begin q3<="0";
case ais O — ).
when 0 => b<=3; when 07 => g;:;'g':
when 1 f 2=> b<=2; q3<='1';
when others => b<=0;
end case; when others => ql<='0";
end process; q2<="'0";
end; q3<='1%
end case;
end process;
end;
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Null statement

e H evroin null onuaivet “dev kavo timote”.

e  Mmnopei yio mopaoeLypo va. xpnoipomondel otnv evioAn case
0TV Y10 KATO0 ETAOYT TNG OEV TPEMEL VAL YIVEL TIMOTE.

e H evtoin null umopei va mapainedei ko ypnoipomoleiton TN
aLEAVEL TNV KOTOVONGT] TOV KMOIKA.,

e Tlapdostypa
— caseals
when “00” => g1 <= "1’;
when “01” => g2 <= *1’;
q3 <= 17
when others => null;
end case;
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Walit statement

*  Ymapyovv T€66EPIC TPOTOL Y10 VO TEPLYPAYOVLLE TNV EVTOAN Walt o€
uiow process
process(a,b)
wait until a="1";
wait on a,b;
wait for 10ns;

 Kavovag:
OAec o1 processes ekteAoVVTOL 6TO EEKIVIILOL GV TONOTA
LEYPL VO PTAGOVV GTO TPMTO WalL.
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e Tlopadeiypara

Example 1
process(a)
begin
cl<=not a;
end process;

Example 4
process
begin
wait until a='l";
c4<=not a;
end process;

12/8/2009

Walit statement

Example 2
process
begin
c2<=not a;
wait on a;
end process;

Example 5

process

begin
c5<=not a;

Example 3
process
begin
wait on a;
c3<=not a;
end process;

wait until a='1' for 10 ns;

end process;

Sequential VHDL
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Walit statement

e

Name || Value
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For loop statement

e H evtoln for-loop eivar xpown dtav oxedidlovpe ko
YPNOLLOTOLOVLE VECTOrsS.

Syntax:

[loop_label:] for <identifier> in <discrete_range> loop
sequence_of_statement |

end loop [loop_label];

e  Mmnopovue vo TopaAEIYOLLE TO FANJE KOt VoL ON|UOVPYT|GOVLLE EVOL
anepo loop. Mropovue va, Byodue amd éva loop pe v evroin exit-
when.
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[Hapdoderypo for loop - VHDL

-- File: c:\\my designs\ex_for_loop\SRC\ex_for_loop.VHD

-- Example for-loop. Created by Design Wizard: 01/31/01 11:44:35
library IEEE;

use IEEE.std _logic_1164.all;

entity ex_for_loop is
port(a,b,c:in STD _LOGIC VECTOR (63 downto 0);
q :out STD_LOGIC_VECTOR (63 downto 0));
end ex_for_loop;
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[Hapdoderypa for loop — VHDL

architecture ex_for_loop _beh of ex_for_loop is

begin
process(a,b,c)
begin
fori1in 0 to 63 loop
if a(i)="1" then
q(i) <= b(1);
else
q(1) <= c(i);
end If;
end loop;
end process;
end ex_for_loop_beh;
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[Ipocouotimon
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While loop statement

* H evroin while-loop vrootpiletar amd wold Tpoympnuéva epyareio
cuvbeonc.

Syntax:

[loop_label:] while <condition> loop
sequence_of_statement

end loop [loop_label];
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While loop statement

e Tlapdoctypo

process(a,b,resetn)

variable i: integer range 0 to 31;

begin
if resetn='0' then
1:=0;
g<=(others=>'0");
else
while g<12 loop
if i=31 then
exit;
else
i<=i+1;
gq<=a(i) + b(i) + q;
end if;
end loop;
end if;
end process;

12/8/2009 Sequential VHDL
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Flip-flop asynchronous reset

* Eva flip-flop pe asynchronous reset yiveton reset poig to onuo reset
gvepyomomBet kat aveCadptnta omd To poAdi. AVTO GNUOIVEL TOC GTNV
sensitivity list péc clocked process mpénel va cuumepiinedsi 16co t0
reset 6co Kol to poroi.

e Tlapdoctypo

— process(clk, reset) . > ok q data(1:0)
I in_data(1:0)
begln dreset
If reset="1" then reset |
data <= “00"; > dk g
elseif clk’event and clk=*1" then ;
data <= not in_data; reset
end if;

end process;
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Flip-flop synchronous reset

* Eva flip-flop pe synchronous reset yivetou reset otnv aAiayn tov
poloyl00. Avutd onuaivel mmg otnv sensitivity list uidc clocked process
TpENEL va. cuumepAN@Oel Lovo 10 poAoi.

e Tlapdostypo

— process(clk)
begin
If clk’event and clk="1" then
If reset="1" then

data <= “00”;
else
data <= not in_data;
end if;
end if;

end process;
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Latches

e O latches eprypagpovtar oty VHDL pe tv evtoAn process kot mo
cvykekpluéva ue tig combinational processes.

e Tlapdostypo

— process (enable, d_in) d in .
begin —d q
if enable=‘1" then Latch
: enable
q<=d_in; en
end if;

end process;
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Acxnoeic-IIpoBAnuata

1. Ileprypayte ne VHDL éva positive edge-triggered D flip-flop e reset.
EAéyEte TV Aettovpyia TOL LE TPOGOUOIMOT).

2. Tlepryphyte pe VHDL 10 mopaxdtom eEqptnua

sel q
00 a xorb
a(1:0) . 01 aorb
b(1:0) 6d:0) 10 anorb
sel(1:0) 11 aandb
others “XX”

Xpnowomotwvtag o) tnv evioAn If, ) v evtodn case xat y) tnv
evtoln When-else. EAéyEte o€ kd0e mepimtwon v Aettovpyia Tov
LLE TPOGOLOLWOT).
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Acxnoeic-IIpoBAnuata

3. Ileprypdyte pe VHDL évav 4-bit Shift Register o omoioc eikovileton
GTO TOPOKAT® oldypappa. EAEYETe TV Aettovpyia Tov pe
TPOGOUOIMON

Serial Serial
input SI input SO
Clock .

a) Logic diagram

. SRG 4
Clock — =

(b) Symbol
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Acxnoeic-IIpoBAnuata

4. Tleprypayte pe VHDL évav 4-bit Binary Counter with reset o omoiog
etkoviCeton 6710 mapakdto odypaupa. EAEyETe Tnv Aettovpyia Tov pe

TPOGOUOIOO.

Count enable EN

Clock

12/8/2009

J
@

BE

(a) Logic diagram

Sequential VHDL

Q

Q

Q

Qs

Qs

Carry
output CO

CTR 4

EM Qp—

(b) Symbol
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Acxnoeic-IIpoBAnuata

5. Ieprypdyte pe VHDL évav 2-t0-4 line decoder o omoiog sikoviletan
GTO TaPOKAT® oldypappa. EAEYETe TV Aettovpyia Tov pe
TPOGOUOIOO.

>

>

mi
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>

(a) Logic diagram

Sequential VHDL
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(c) Logic Equations
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