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VHDL

while (true)
begin

if (REQUEST = true) then
if (REQUEST_FLOOR > CURRENT_FLOOR) then
MOVE UP (CURRENT FLOOR, ...);
else
MOVE DOWN (CURRENT FLOOR, ...);
end if;
end if;

end;
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L1l : L MODULE(X,Y,L);

LL : process (-)

begin

for X in 0 to 63 loop
for Y in 0 to 63 loop

end for;

begin

end for;

end process LL;

L BEHAVE := (X**2 + Y**x2)**(Q 5;
if (L !'= L_BEHAVE)

ERROR SIG <= '1’;
end if;
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E).haseZ: PROCESS

BEGIN

WAIT UNTIL c1 ='0';
WAIT FOR 10 NS;

c2<="1"

WAIT FOR 480 NS;

c2<='0"

\END PROCESS phase2;
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process (CLK)

begin

if (rising edge (CLK)) then
DOUT <= not (DOUT) ;

end if;
if (falling edge (CLK)) then
if (DIN == '0’) then
DOUT <= not (DOUT) ;
end if;
end if;

end process;

o
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A b | Fa FA |.7 FA b1

¥ ¥ ¥ L L
Ca Sa So 54 S0
begin

FAl:FULL ADDER port map (CO, A0, BO, SO, Cl);

FA2 :FULL ADDER port map (Cl, Al, Bl, S1, C2);

FA3:FULL ADDER port map (C2, A2, B2, S2, C3);

FA4:FULL ADDER port map (C3, A3, B3, S3, C4);
end;

\ 5l 0 et S §) el 40 35 FULL_ADDER - /
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/ VHDL Structural Elements \

« Entity: Interface

» Architecture: Implementation, behavior
« Configuration: Structure, hierarchy

* Process: Sequential Execution

« Package: Components (Modular design), Utilities (data types,
constants, subprograms)

e Library: Group of compiled units, object code

\_ /
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entity HALFADDER is
port(

A, B: in bit;
SUM, CARRY: out bit);
end entity HALFADDER,

entity ADDER is in
port(
A, B: In integer range 15 to O;
SUM: out integer range 15 to O;
CARRY: out bit);

end ADDER;

bit_vector (3 downto 0);
out bit_vector (3 downto 0);

Entity

* Interface description

* No behavior/implementation

definition
A— ? — SUM
B— ' — CARRY

Linking via port signals
« data types

« signal width

« signal direction

~

/
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Architecture

entity HALFADDER is

~

port(
A, B: in bit; | - -
! ' « Implementation of the design
SUM, CARRY: out bit); Al P 4 with J ”
end HALFADDER: * Always connected with a specific
entity
architecture RTL of HALFADDER is « one entity can have several
begin -
rchi r
SUM <= Axor B: arct tectures .
CARRY <= A and B: . e_ntlty por_ts are available as
end architecture RTL; signals within the architecture

B— — CARRY

« Contains concurrent statements

/
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architecture RTL of STRUCTURE is
subtype DIGIT is integer range 0 to 9;
constant BASE: integer := 10;
signal DIGIT_A, DIGIT_B: DIGIT,;

signal CARRY: DIGIT;
begin
DIGIT_A<=3;
SUM <= DIGIT_A + DIGIT_B;
DIGIT B <=7;
CARRY <= 0 when SUM < BASE else
1-

end EXAMPLE ;

\ « Portis akind of signal.

Architecture Structure

» Declarative part:
« data types
constants
Intermediate signals
component declarations

« Statement part (after 'begin’):
« signal assignments
* processes
¢ component instantiations

* concurrent statements:
order not important

—> Simulator recalculates
sum any time an operand
changes

~
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4 N

e In:
« signal values are read-only
INPUT ] QUTPUT * out:
in|in ©_ out |out . .
W OUTPUT « signal values are write-only
« multiple drivers

« Dbuffer:
INPUT QUTPUT . -
" in[in ©_> bufferW y Slmllar tO OUt
OUTPUT « signal values may be read, as
well
« only1driver
INPUT | — _ _
n - - BIDIR _ * InOUt
OUTPUT | inout «  bidirectional port
out =

 Qutput port modes have to
match.

\_ /
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Use of VHDL Objects

Using Objects BODY -
In VHDI Concurrent Sequential

i Declare | Assign to Use
O | Signal NO YES YES
B
g | Variable NO NO YES YES YES YES
E Constant | YES - YES | YES - YES
T | File YES -- YES YES -- YES

~
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Structural Model

w_SUM SUM

module modulez

— CARRY

w CARRY1

CARRY_IN

Full adder: 2 halfadders + 1 OR-gate
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s Component Dec

aration

~

entity FULLADDER is
port (A,B, CARRY_IN: in bit;
SUM, CARRY: out bit);
end FULLADDER,;

architecture STRUCT of FULLADDER is

component HALFADDER
port (A, B : in Dbit;
SUM, CARRY : out bit);
end component;

component ORGATE
port (A, B :in bit;
RES : out bit);
end component;
begin
signal W_SUM, W_CARRY1, W_CARRY2: bit;

entity HALFADDER is
port(
A, B: in bit;
SUM, CARRY: out bit);
end entity HALFADDER,;

entity ORGATE is
port(
A, B: in bit;
RES: out bit);
end entity ORGATE;

* In declarative part of
architecture
« Can use any name for the
components
* but better to use the
same as entity name

A W_SUM

module1 modulez

B |
W_CARRY2
W_CARRY1 —

CARRY_IN

Full adder: 2 halfadders + 1 OR-gate

SUM

CARRY

/
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/ Component Instantiation

architecture STRUCT of FULLADDER is
component HALFADDER
port (A, B : in bit;
SUM, CARRY : out hit);
end component;
component ORGATE
port (A, B :in bit;
RES : out bit);
end component;
signal W_SUM, W_CARRY1, W_CARRY?2: bit;
begin
MODULE1: HALFADDER
port map( A, B, W_SUM, W_CARRY1);

MODULE2: HALFADDER
port map (W_SUM, CARRY _IN,
SUM, W_CARRY2);

MODULE3: ORGATE
port map (W_CARRY2, W_CARRY1, CARRY );
end STRUCT;

\

May need many of each

Instantiation in statement

part of architecture (after

'begin')

Wires signals together:

«  default: positional
association

A W_SUM

module1 module2

CARRY_IN

Full adder: 2 halfadders + 1 OR-gate

B | _
\W_CARRY2
W _CARRY1 — CARRY

~

SUM

/
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/ Named Signal Association

entity FULLADDER is
port (A,B, CARRY_IN: in bit;
SUM, CARRY: out bit);
end FULLADDER;

architecture STRUCT of FULLADDER is

component HALFADDER
port (A, B : in bit;
SUM, CARRY : out bit);
end component;

signal W_SUM, W_CARRY1, W_CARRY?2 : bit;
begin
MODULE1: HALFADDER
portmap ( A => A,
SUM =>W_SUM,
B => B,
CARRY =>W_CARRY1);

end STRUCT,

o

« Named association:

eft side: "formals"

(port names from
component declaration)
* right side: "actuals"
(architecture signals)
 Independent of order in
component declaration

A

W_SUM

B |

module1 module2

[ [ \W_CARRYz
W_CARRY1

CARRY_IN

Full adder: 2 halfadders + 1 OR-gate

— SUM

— CARRY

~

/
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a Configuration

Library (work)

architecture ...

. entity HALFADDER is
begin

port(
A, B: in bit;
SUM, CARRY: out bit);
end entity HALFADDER,;

%

mponent HALFADDER
port(A, B: in bit;
SUM, CARRY: out bit);

d HALFADDER,; architecture RTL of HALFADDER is

begin
signal W_SUM, W_CARRY1, W_CARRY2: bit; N

for MODULEL: HALFADDER use entity work. HALFADDER (RTL|; | [ERd.architecture RTL;
for MODULE2: HALFADDER use entity work. HALFADDER (RTL]:

entity ORGATE is

MODULEL1 : HALFADDER pOArt(B -
. , B: in bit;
port map(A, B, W_SUM, W_CARRY1); Sl

end entity ORGATE;
MODULEZ2: HALFADDER

port map ( W SUM. CARRY IN architecture RTL of ORGATE is
SUM, W_CARRY2 ): begin

end architecture RTL;

Entities may be instantiated directly without preceding component
deciaration (Not recommended)
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Configuration

« Selects entity/architecture pairs for instantiated components
« Generates the hierarchy
 Default binding rules:

« selects entity with the same name as component
« last compiled architecture is used

27




entity FULLADDER is
port(A, B, CARRY_IN: in bit;
SUM, CARRY: out bit);
end FULLADDER:

architecture STRUCT of FULLADDER is
component HA
port(A, B: in bit;
SUM, CARRY: out bit);

for MODULE1:HA
use entity work. HALFADDER (RTL);

entity HALFADDER is
port(A,B: in Dit;
S, CY: out bit);
end A;

for MODULEZ2:HA
use entity work.HALFADDER (GATE);
signal W_SUM, W_CARRY1, W_CARRY?2: bit;

begin
( MODULE1:HA port map (..., ...);)

MODULE2:HA port map(..., ...);
end STRUCT;

architecture RTL of
HALFADDER is

end RTL;

o

architecture GATE of
HALFADDER is

end GATE;

/~ Simple Configuration Specification \
Library (work)

28




/ Configuration Example

configuration CONFNAME of ENTITYNAME is

for ARCHNAME
for INSTANCENAME use entity LIBNAME.ENTNAME(ARNAME);

configuration CFG_FULLADDER of FULLADDER is
for STRUCT
for MODULE2:HA
use entity work. HALFADDER(GATE);

end for;

for others:HA use entity work. HALFADDER(RTL);

end for;
end for;
end CFG_FULLADDER;

«  Entity/architecture pairs may be selected by use of
* instance names
« ‘all": all instances of the specified component
«  'others': all instances not explicitly mentioned
\ «  Possible to reference an existing configuration of a submodule

for all:FA use configuration work.CFG_FULLADDER;

29
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FOR latch _based

FOR dr
FOR di : dl
USE ENTITY WORK.d_latch(sr_based);
FOR sr_based

FOR cl: sr
USE ENTITY WORK.sr_latch(gate_level);

FOR gate level

FOR g2, g4 : n2
USE ENTITY WORK.nand?2_t(average_dela
END FOR:

V)

FOR gl,g3:n2
USE ENTITY WORK.nand2_t(less_delay)
END FOR;

END FOR;

END FOR;
FORc2:nl

USE ENTITY WORK.inv_t(average_delay)
END FOR;

e ———————————————————————————————————————————————————

END FOR;
END FOR;
END FOR,;
END FOR,;

ENDaverage gate_deray,
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/ Configuration \
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