Prostriedky opisu spravania sa

opis spravania sa na dvoch trovniach - sekvenc¢nej a paralelne;.

Sekvencnd uroveint predstavuje programovanie spravania sa
procesu. Program, obsahujuci sekvencné prikazy jazyka VHDL.

Paralelna uroveit definuje vztahy medzi paralelnymi procesmi
modelu, hlavne ich vzdjomni komunikaciu - paralelné prikazy
jazyka VHDL.

Paraleln¢ prikazy opisujice spravanie sa systému:
e paralelny prikaz priradenia signalu,

e paralelny prikaz ASSERTION,
e prikaz blok,
e paralelné volanie procedury a

e prikaz proces.

Pri opise spravania sa pouzivaju 2 Styly:

Opis toku udajov (dataflow style) modeluje obvod z hl'adiska
pohybu udajov v spojitom case medzi komponentami
kombinacnej logiky (s€itacky dekddery, primitivne hradld). Opis
na urovni RTL.

Algoritmicky opis spravania sa (behavioural style) — obsahuje
procesy opisané na sekvencnej urovni, ktoré umoznuju opisat’
vystupy obvodu v diskrétnych okamihoch danych konkrétnymi
vstupmi, presnejsi opis ¢asovych zavislosti. Opis sekvencnych
aj kombinacnych obvodov.



Paralelné prikazy jazyka VHDL

Paralelny prikaz priradenia signalu

Vseobecna forma opisu syntaxe paralelného prikazu priradenia
signdlu (zjednoduSena):

concurrent_signal assignment statement ::=
[label:] conditional signal assignment
| [label:] selected signal assignment

options ::=[ guarded ]| [ delay mechanism ]

conditional signal assignment ::=
target <= options { waveform when condition else }
waveform [ when condition |;
target ::= signal name
waveform ::= waveform element {, waveform_element}
lunaffected
waveform_element ::=

value expression [after time expression]

selected signal assignment ::=
with expression select
target <= options selected waveforms;
selected waveforms ::= { waveform when choices, }

waveform when choices

Vyber moze mat jednu z nasledujucich foriem :
value
valuel to value2  -- spojity rozsah hodnot

valuel |{value2 |} valueN -- mnoZina hodndt



Priklady:
entity Substractor is
port (Inl, In2: in Integer; Outl: out Integer);
end Substractor;
architecture Simplest of Substractor is
begin
Outl <=1In2 - Inl after 8 ns;
end Simplest;

Clock Process:
Clock <=
'l'after 1 ms,
'0'after 2 ms,
'"l'after 3 ms,
'0'after 4 ms,

'l'after 5 ms;



--Priklad opisuje spravanie sa Uplneho dekodera 3x8.
entity Decoder is
port (Sel: Bit Vector(2 downto 0);
DOut: out Bit Vector(7 downto 0));
constant Delay: Time := 5 ns;
end Decoder;
architecture Selected of Decoder is
begin
with Sel select
DOut <=
"00000001" after Delay when "000",
"00000010" after Delay when "001",
"00000100" after Delay when "010",
"00001000" after Delay when "011",
"00010000" after Delay when "100",
"00100000" after Delay when "101",
"01000000" after Delay when "110",
"10000000" after Delay when "111",
end Selected;

Paralelny prikaz ASSERTION

Vseobecny opis syntaxe prikazu assertion:
assertion_statement ::= [assertion_label:]
assert condition
[ report expression |

[ severity expression |;



Priklad prikazu assertion:
assert Enable /="X'
report "Unknown value on Enable"

severity Error;

-- paralelny prikaz ASSERTION
entity SRFF is
port (S, R :in Bit;  Q, Qbar : out Bit);
begin
SRFF Constraint Check:
assert not (S="1"and R ="1")
report "Both S and R equal to '1""
severity Error;
end SRFF;
architecture Constrained of SRFF is
begin
Q<= Q after 2 ns when S ='0' and R ="'0' else
'l' after 2 ns when S ="1"and R ="'0' else
'0" after 2 ns when S='0'and R ="1";
end SRFF;



Prikaz block

Syntax prikazu block:
block statement ::=
block label:
block [(guard expression)] [is]
block header
{ block declarative item}
begin
{ concurrent_statement }
end block [block label] ;

block header ::=
[generic (generic_interface list);
[generic map (generic_association_list);]]
[port (port interface list);
[port map (port association_list);]]
block declarative item ::=
subprogram_declaration
subprogram_body
type declaration
subtype declaration
constant declaration
signal declaration
component_declaration
configuration specification
use-clause

Pouzitie prikazu block:

S <="'0" after 4ns; ekvivalentny zapis:
L1: block S <="'0" after 4ns;
begin T <="I1" after 5ns;

T <="1" after 5ns;

end block;



--PouZitie strazené¢ho prikazu block:
entity d_ffis
port (d: in Bit; clk: in Bit; q: out Bit);
end d_ff;
architecture beh of d ffis
signal dff s: Bit;
begin
labelO: block (clk=‘0‘ and not clk’stable) is
begin
dff s <= guarded not d;
end block;
q<= not dff s;
end beh;

entity Guard gate is
port( A, EN: in Bit;
Y: out Bit bus);
end Guard_gate;
architecture beh of Guard gate is

signal temp_Y: bit bus;

begin
B: block (EN ="1") is
begin
temp Y <= guarded A ;
end block;
Y<=temp Y;

end beh;



Prikaz proces

Syntax prikazu proces:
process_statement ::=
[process_label:]
[postponed] process [(sensitivity list)] [is]
process_declarative part
begin
{sequential statement}

end [postsponed] process [process_label];

Deklara¢na Cast’ prikazu process moZe obsahovat’ nasledujuce
deklaracie:

e zakladné deklaracie (typu, podtypu, konStanty, aliasu,
podprogramu, suboru, use klauzula)

e telo podprogramu
e deklaracie premennych
e deklaricie atributov

o Specifikacie atributov

Deklaracie premennych su typické pre prikazy process a
podprogramy.

Syntax deklaracie premenne;:
variable declaration ::=

[shared] variable identifier list : subtype indication [ =
initial value] ;



Priklad procesu, ktory deklaruje jednu premennt:
P1: process
variable count : Integer := 0;
begin
count := count + 1;
wait;

end process;

Sekvencné prikazy jazyka VHDL

Prikaz wait

Syntax prikazu wait:

wait_statement ::= [label:] wait [sensitivity clause]
[condition_clause] [timeout clause] ;

sensitivity clause::= on signal list;

condition clause ::= until condition;

timeout_clause ::= for time expression;

Priklad pouzitia prikazu wait:
And Process:
process
begin
wait on A, B until Enable ='1";
T <= transport A and B;

end process;



Priklad pouzitia zoznamu citlivosti:
Or_Process:
process (Inl, In2) -- sensitivity list
begin
Output <= Inl or In2;

end process;

Tento proces je ekvivalentny procesu:
Or_Process:
process
begin
Output <= Inl or In2;
wait on Inl, In2;

end process;

Priradenie premennej (Variable Assignment)
Vseobecny opis syntaxe prikazu priradenia premenne;:
variable assignment statement ::=

[label:] target := expression;

target ::= variable name | aggregate

-- THIS VHDL IS NOT LEGAL
variable V: Integer := 0;
Process One: Process Two:
process process
begin variable X: Integer;
Vi=V+1; begin
wait; X:=V;
end process; wait;

end process;



Priradenie signalu (Signal assignment)
Vseobecny opis syntaxe prikazu priradenia signalu:
signal assignment statement ::=
[label:] target <= [delay mechanism] waveform;
delay mechanism ::= transport | [reject time_expression] inertial
target ::= signal name | aggregate
waveform ::= waveform_element {, waveform_ element}
| unaffected -- only concurrent

waveform_element ::=

value expression [after time_ expression]

| null [after time expression] -- only guarded signal or aggregate in
sequential statement

entity Sub is
port(Inl, In2: in Integer; Outl: out Integer);

end Sub;
architecture A Simplest of Sub is architecture Simplest of Sub is
begin begin
process (Inl,In2) Outl <= In2-Inl after 8 ns;
begin end Simplest;

Outl <= In2-Inl after 8 ns;
end process;

end A_Simplest;



Clock Process:

process

begin

Clock <=
'"I'after 1 ms,
'0'after 2 ms,
'"l'after 3 ms,
'0'after 4 ms,
'"'after 5 ms;

wait;

end process;

signal A: Bit :='0";
signal B: Bit :="'1";
P1:
process
begin

B <=A;

assert (B=A)

report "B nerovna sa A"
severity error;
wait on B;

end process;

Clock Process:
Clock <=
'l'after 1 ms,
'0'after 2 ms,
'"l'after 3 ms,
'0'after 4 ms,

'"l'after 5 ms;

signal A: Bit :='0";
signal B: Bit :="'1";
P1:
process
begin

B <=A;

wait on B;

assert (B=A)

report "B nerovna sa A"
severity error;

end process;



Oneskorenie priradenia signalu

VHDL rozoznéava 2 typy oneskoreni: zotrvacné (inertial) a prenosové
(transport).

-- The following assignments are equivalent:

Output_pin <= Input_pin after 10 ns;

Output pin <= inertial Input_pin after 10 ns;
Output_pin <= reject 10ns inertial Input pin after 10 ns;

-- Assignment with a pulse rejection limit less than the time expression:
Output_pin <= reject 5ns inertial Input pin after 10 ns,

not Input pin after 20 ns;

-- Assignments using transport delay:
Output pin <= transport Input pin after 10 ns;

Output pin <= transport Input pin after 10 ns, not Input_pin after 20
ns;

-- Their equivalent assignments:
Output_pin <= reject Ons inertial Input pin after 10 ns;

Output_pin <= reject Ons inertial Input pin after 10 ns, not Input pin
after 20 ns;

Aktualizacia ovladaca — prenosové oneskorenie:
e Vsetky staré transakcie planované neskor, alebo sucasne ako prva
nova transakcia sa zrusia.

e Nové¢ transakcie sa pripoja na koniec ovladaca.
DalSie pravidla pre zotrvacné oneskorenie:
e Vsetky nové transakcie sa oznacia.

e Staré transakcie sa oznacia, ak su naplanované v Case, ktory je
mensi nez Cas prvej novej transakcie minus minimalna Sirka
impulzu.



e Ostatné staré transakcie sa oznacia, ak bezprostredne predchadzaju
oznacenu transakciu a ich hodnota je zhodnd s hodnotou tejto

transakcie.

e Transakcia, ktora urcuje okamziti hodnotu ovladaca signalu sa

oznaci.

e Vsetky neoznacené transakcie v ovladaci signalu sa zrusia.

[lustracné priklady — prenosové oneskorenie:

Priklad 1:
signal S:Integer:=0;
P1:
process
begin
S <= transport 1 after 1 ns;
S <= transport 2 after 2 ns;
wait;

end process;

Priklad 2:
signal S:Integer:=0;
P1:
process
begin
S <= transport 2 after 2 ns;
S <= transport | after 1 ns;
wait;

end process;

Driver of signal S:

S— (1, 1 ns)

S <= transport 1 after I ns;

S—(1, 1 ns)2, 2 ns)

S <= transport 2 after 2 ns;

Driver of signal S:

S—(2, 2 ns)

S <= transport 2 after 2 ns;

S— (1, 1 ns)

S <= transport 1 after 1 ns;



Priklad 3:
signal S:Integer:=0;
P1: process
begin
S <= transport 1 after | ns, 3 after 3 ns, 5 after 5 ns;
S <= transport 4 after 4 ns;
wait;

end process;

Driver of signal S:

S—(1, 1 ns)3, 3 ns)3, 5 ns)

S <= transport 1 after 1 ns, 3 after 3 ns, 5 after 5 ns;

S—(1, 1 ns)3, 3 ns)4, 4 ns)

S <= transport 4 after 4 ns;

[lustracné priklady — zotrvacné oneskorenie:
Priklad 1.
signal S:Integer:=0;
P1:
process
begin
S <=1 after 1 ns, 3 after 3 ns, 5 after 5 ns;
S <=3 after 4 ns, 4 after 5 ns;
wait;

end process;

Driver of signal S:



S—i(1, 1 ns)3, 3 ns)(5, 5 ns)

S <=1 after 1 ns, 3 after 3 ns, 5 after 5 ns;

S—(3, 3 ns)| (3, 4 ns) (4, 5 ns)

S <=3 after 4 ns, 4 after 5 ns;

Priklad 2.
signal S:Integer:=0;
P1:

process

begin

S <= 2 after 3ns, 2 after 12ns, 12 after 13ns, 5 after 20ns, 8 after
42ns;

S <=reject 15ns inertial 12 after 20ns, 18 after 41ns;
wait;

end process;

Driver of signal S:

S —(2, 3ns)|(2,12ns[(12,13ns | (5, 20ns) |(8, 42ns)

S <=2 after 3ns, 2 after 12ns, 12 after 13ns, 5 after 20ns, 8 after 42ns;

S —(2, 3ns)|(12,13ns) | (12,20ns) | (18, 41ns)

S <=reject 15ns inertial 12 after 20ns, 18 after 41ns;

S <=reject t_inertial v, aftert {, v, aftert};
Pre tento tvar plati vzt'ah:

Ons <t <t AOns<t. <t
T 1 1 i+1



Priklad

Nakreslite ¢asovy priebeh signdlov X a Z, ak model obvodu obsahuje iba
nasledujice 2 procesy:

/<=X after10ns;
X<="1",'0" after 5ns;

e e 1. v s . I ;A
a inicializacné honoty oboch signalov st 0.
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