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MYSIG <= (A or B) xor C after 10 ns;

CLK <= not CLK after PERIOD/2;

process (...)
begin

S1 <= ‘0’, ‘1’ after 5 ns, ‘0’ after 7 ns, ‘l’ after 12 ns,

end process;

=: 5led b o) jlade Colusl u

signal S1: bit := '0’;
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MYVAR :=

(A or

B) xor C;
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If-then-else -

if CONDITION then
-- sequential statements
end if;

if CONDITION then
-- sequential statements
else
-- sequential statements
end if;

if CONDITION then

-- sequential statements
elsif CONDITION then

-- sequential statements

else

-- sequential statements
\ end if; 4////
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end

case EXPRESSION 1is

when VALUE 1 =>
-- sequential statements

when VALUE 2 | VALUE 3 =>
-- sequential statements

when VALUE 4 to VALUE N =>
-- sequential statements

when others =>
-- sequential statements

case ;
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entity
port (SELECT: in std logic_vector (1 downto 0);
DO, D1, D2, D3: in std logic_vector (7 downto 0);
DOUT: in std logic vector (7 downto 0));

end entity;
architecture . . .
begin - g o3l Ly 92 J.Jl.: lacdls doa D
process (SELECT, DO, D1, D2, D3) ]A‘Eg;m¢>when 2 to 5 Q
beg:Ln when “00” to “11”
case SELECT is .
when ”00” => DOUT <= DO; ble

when ”“01” => DOUT <= D1;

when 710”7 => DOUT <= D2;

when ”“11” => DOUT <= D3;

when others => DOUT <= “XXXXXXXX”" ;

end case ; i3l lbgsenl 1L el 4 U

end process; ’ - .
: when 2 => ..
\ end architecture; when 1 to 4 =>
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entity FOR _LOOP is
port (A : in integer range 0 to 3; f()r IOOO D
Z : out bit vector (3 downto 0));
end FOR LOOP;

architecture EXAMPLE of FOR LOOP is

begin
process (A)
begin
Z <= "0000";
for I in 0 to 3 1loop
if (A = I) then
Z(I) <= "'1°;
end if;
end loop;

end process;
end EXAMPLE;
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entity CONV_INT is
port (VECTOR: in bit vector (7

downto 0) ;
RESULT: out integer) ;
end CONV_INT; d00pP °
architecture C of CONV_INT is
begin while loop W

process (VECTOR)
variable TMP: integer;

variable I : integer;
begin
TMP := 0;

I := VECTOR'high;

while (I >= VECTOR'low) loop
if (VECTOR(I)='1l') then

TMP := TMP + 2**I;

end if;
I :=1I-1;

end loop;

RESULT <= TMP;

\ end process;
:end C;
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process

begin
S1 <= '1’;
wait for 10 ns;
S1 <= '0';
wait for 5 ns;
Sl <= ‘1’;
wait for 12 ns;
S1 <= '0';

end process;

o

walt
Wait for
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wait on SIGl, SIG2,

process
begin

wait on CLK;
if (CLK = '‘1’) then
REG <= DATA;

end process;

o

walt
Wait on U
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walt

Wait until
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wait until CONDITION;

process
begin

wait until CLK = ‘1’ ;
REG <= DATA;

end process;

wait

wait; sieb Walt
\ 9 L/
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assert DESIRABLE CONDITION
report STRING
severity LEVEL;

architecture BEHAVIORAL of D SR FLIPFLOP is

signal STATE : bit := '0';
begin
DFF: process (RST, SET, CLK)
begin
assert
(not (SET = 'l' and RST = '1"))
report

"set and rst are both 1"
severity note;

if SET = '1l' then
STATE <= '1}';
elsif RST = 'l' then

STATE <= '0}';
elsif CLK = 'l' and clk'EVENT then
STATE <= D;
end if;
end process dff;
Q <= STATE;
OB <= not STATE;
nd BEHAVIORAL;

~

assert -
report -
severity -

note U
warning U4
error U4
fallure U

/
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architecture BEHAVIORAL of STH is
begin
Ll: process (S1, S2, S3)
variable V1: bit;
begin
vl := ‘0’;

if (S1 = V1) then ...

end process L1;
end BEHAVIORAL;

\ /
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(process) wul,s
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architecture BEHAVIORAL of STH
begin
Ll1: process
variable V1: integer;
begin
V1l := S1;

wait for 5 ns;

end process L1;
end BEHAVIORAL;
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(process) wul,s
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architecture P _ARCH of P _ENT is
signal S1: std logic;

b g-in
<f Gl :ANDGATE port map (P1l, S1, P3);:>

/rle process (S1) i\
begin

if (S1 = '0’) then ...

end process L1;
\_ P J

(VLZ: process i\
begin

S1 <= '0’;

\‘?nd process L1; 4/

\gnd architecture P_ARCH;

P1

}
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VHDL Communication Model

entitysarchitgcture 1

parallel

Process

enfiyfanchitecture 2

]

h 4
parallel

Process

entity/architecture 3

multi_process_exec2.avi
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entity DFF is

end entity DFF;

port (D, CLK: in std logic:
Q, QBAR: out std logic);

(process) wul,d
\A/Eiit‘g F:F: g§¢M993 E:]

architecture RTL of DFF is

wait on CLK;

if (CLK = '1’) then
Q <= D;

end if;

\¥end process L;

~N

J

( OBAR <= not Q; )
end architecture ;

o
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entity DFF is

end entity DFF;

port (D, CLK: in std logic:
Q, QBAR: out std logic);

architecture RTL of DFF 1is
begin

(’>L:process (CLK)
begin
if (CLK = '1’) then
Q <= D;
end if;
end process L;

\

\

J

( OBAR <= not Q; >

end architecture RTL;

o

19




4 JUSw g guidio N\

:A&{‘;.é )D JL&‘V&9)¢£@ 9
)‘ o.)l.{ﬁw‘sg‘lﬁéy )).)lxbo E)ﬁﬁ-:) LS‘)’. ).uwo D
(x5l ygid 5> ol Hlade

architecture ...
signal S1, S2: std logic; |8 & s s ILE D
begin $Hlplesu JiSow Jolbs 1 JUSew
Pl:process (S2, ...)
begin

if (S1 = '1’) then ...

$9d ol e U
:end if; M‘JB ] . ULO) 5 uL.w..)] d-’Q"-’ J‘i D

end process Pl; after o9l > T
P2:process (S2, ...) 5l omygiwd & duwy ley 4 (Siwly pae e —
begin S2

: P rroad
end process P2; ‘fLo;)iég

@ architecture RTL; /
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architecture ...
signal S1: std logic;
begin
Pl:process (S1, ...)
variable V1: integer;
begin

V1l <= S1;

arithmetic/logic operations on V1;

S1 <= V1;
end process Pl;

end architecture RTL;
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Guess what values will ave the A, B and E signals after [} changas
its value from 1 to 2. Verily your answer by clicking the buttomn.

process (T, D)

begin
A<= Z;
B <=2 + C;
A <=D + 1;
E<:;{,\\S*2;

end process;

A=1

B 1

C 1

D 1

E =1

Change D to 2
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architecture
signal S1, S2, S3: std logic;
begin

S3 <= S1 xor S2;

end architecture RTL;

architecture

signal S1, S2, S3: std logic;
begin

Pl:process (S1, S2)
begin

S3 <= S1 xor S2;
end process P1l;

end architecture RTL;

o /
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architecture BEHAVIORAL of STH is
begin

Ll: process (...)

begin

end process Ll;
RES <= FCOUT (A, B, CIN) or FLAG;

end BEHAVIORAL;

if (FCOUT (A, B, CIN) = ‘0’ then ...
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function COUNT1 (X: std _logic_vector (7-dewnte—0)) return integer is

variable NoOfOnes : integer := 0;
begin
for I in X’'range loop
if X(I) = ‘1’ then
NoOfOnes := NoOfOnes + 1;
end if;
end loop;
return NoOfOnes;
end COUNT1;
Ll: process (...)

variable A: std logic_vector (0 to 3);
variable A: std logic_vector (15 downto 0);
begin

if COUNT1 (A) > 2 then

for I in 1 to COUNT1(B) loop

end process Ll;
end BEHAVIORAL;
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procedure MINMAX (signal S1, S2: in integer;
signal MIN, MAX: out integer) is
begin
if S1 > S2 then
MAX <= S1;
MIN <= S2;
else
MAX <= S2;
MIN <= S1;
end if;
end procedure MINMAX;

o
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out in in clla sign_al -

inout file =

signal signal signal S
variable variable constant

constant Jsy U

file clla ¢ g constant —

. signal -

P PO u*’% 4 file —

constant:in ly— variable —

variable -out |, —

K variable :inout |, — /
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function FUNC1l (integer I: bit B) return bit;
function FUNC1l (real r: bit B) return bit;

\_ /
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procedure READLINE (file F: TEXT; L: inout LINE);

procedure READ (L

procedure READ (L

procedure READ (L

procedure READ (L

VALUE : out character);

VALUE : out character;
GOOD : out boolean);

VALUE : out integer);

VALUE : out integer;
GOOD : out boolean);

- inout line;

- inout line;

- inout line;

- inout line;

~
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package P_BIT_ARITH is
function "+" (L: bit_vector; R: bit_vector) return bit_vector; -- 1

function "+" (L: integer; R: bit_vector) return bit_vector; --2
function "+" (L: bit_vector; R: integer) return bit_vector; --3
function "+" (L: bit_vector; R: bit_vector) return integer; --4

end P_BIT_ARITH;
use work.P_BIT_ARITH.all;

entity OVERLOADED is
port(A_VEC, B_VEC: in bit_vector(3 downto 0);
A_INT, B_INT: in integer range 0 to 15;
Q_VEC: out bit_vector(3 downto 0);
Q_INT: out integer range 0 to 15);
end OVERLOADED;

architecture EXAMPLE of OVERLOADED is
begin
Q VEC<=A VEC+B VEC; --a
Q VEC<=A INT+B _VEC; --b
Q VEC<=A VEC+B_INT;--c
Q_VEC <=A_INT +B_INT; --d = Error: INT+INT returns INT
Q INT<=A VEC+B_VEC; --¢
Q_INT <=A_INT + B_INT; --f
end EXAMPLE;
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/ Conditional Signhal Assignment

TARGET <= VALUE _1
when CONDITION_1

else

VALUE 2
when CONDITION_2
else

VALUE n;

o

Condition is a Boolean
expression

Mandatory else path, unless
unconditional assignment

« conditions may overlap

e priority

Similar to if ..., elsif ..., else
constructs

Jg‘:‘AJL.“?'m‘CE.‘&JtJ‘:‘“\chﬁwwgﬁJJcﬁJﬁu°gﬂ o
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entity CONDITIONAL_ASSIGNMENT is
port (A, B, C, X :in bit_vector (3 downto 0);
Z CONC : out bit_vector (3 downto 0);
Z SEQ :outbit_vector (3 downto 0));
end CONDITIONAL_ASSIGNMENT;

architecture EXAMPLE of CONDITIONAL_ASSIGNMENT is
begin
-- Concurrent version of conditional signal assignment
Z CONC <=B when X="1111"else
C when X >"1000" else
A;
-- Equivalent sequential statements
process (A, B, C, X)
begin
if (X="1111") then
Z SEQ<=B
elsif (X >"1000") then
Z SEQ<=C;
else
Z SEQ<=A;
end if;
end process;
end EXAMPLE;

Conditional Signal Assignment \

AoD ¢ g g g §O 4\}9) o
o]y Coomw (sl
m’ )0 QLW-\.S‘

/
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/ Selected Signal Assignment

with EXPRESSION select

TARGET <= VALUE_1 when
CHOICE._1,

VALUE_2 when
CHOICE_2 | CHOICE_3,

VALUE_3 when
CHOICE_4 to CHOICE_S,

VALUE_n when
others;

« Choice options must not overlap
« All choice options have to be
covered
* single values
» value range
» selection of values
(""" means "or")
* "when others" covers all
remaining choice options
 Similar to case ..., when ...
constructs
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Selected Signal Assignment

entity SELECTED_ASSIGNMENT is
port (A, B, C, X :in integerrange 0 to 15;
Z CONC : out integer range 0 to 15;

Z_SEQ :outintegerrange O to 15);
end SELECTED_ASSIGNMENT;

architecture EXAMPLE of SELECTED_ASSIGNMENT is
begin

-- Concurrent version of selected signal assignment
with X select
Z _CONC <= Awhen 0,
B when 7|9,
C when1to5,
0 when others;
-- Equivalent sequential statements
process (A, B, C, X)
begin
case X Is
when O =>7Z SEQ <=A;
when 7|9 =>Z SEQ <=B;
whenl1lto5 =>Z SEQ <=C;
when others =>Z SEQ <= 0;
end case;
end process;
end EXAMPLE;

~
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Selected Signal Assignment

entity MUX4 is
port (DIN : in std_logic_vector (3 downto 0);
SEL : in std_logic_vector (1 downto 0);
DOUT : out std_logic);
end MUX2;

architecture ARCHMUX of MUX4 is
begin
with SEL select
DOUT <= DIN (3) when “11”,

DIN (2) when “107”,
DIN (1) when “01”,
DIN (0) when others;

end ARCHMUX;

. in integer range 0 to 15;

~
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