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1990s: HDLs and Logic Synthesis

library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logi c_unsigned.all
use ieee.std_logic_arith.all;
entity ALU is

port( A in std_logic_vector(1l downto 0);
B: in std_logic_vector(1l downto 0);
Sel : in std_logic_vector(1l downto 0);
Res: out std_logic_vector(1 downto 0));
end ALY,

architecture behv of ALU is begin
process(A B, Sel) begin
case Sel is
when "00" => Res <= A + B;
when "01" => Res <= A + (not B) + 1;
when "10" => Res <= A and B;
when "11" => Res <= A or B;
when others => Res <= "XX";

end case; The VHDL Hardware Description Language - p. 417

and nrarace

library ieee; -- part of IEEE library
use ieee.std_logic_1164.all; -- includes std_ulogic
. ) a
entity full_adder is sum
port(a, b, c cin std_ul og? c; b carry
sum carry : out std_ulogic); c
end full _adder;
architecture inp of full_adder is
begin
sum <= (a xor b) xor c; -- conbinational |ogic

carry <= (a and b) or (a and c) or (b and c);
end inp;

1970s: SPICE transistor-level netlists

An XOR built from four NAND gates
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Verilog and VHDL

Verilog: More succinct, less flexible, really messy
VHDL: Verbose, very (too?) flexible, fairly messy
Part of languages people actually use identical.
Every synthesis system supports both.

The VHDL Hardware Description Language — p. 5/7

library ieee;
use ieee.std_logic_1164.all;

entity add2 is
port (
A B : in std_|logic_vector(1l downto 0);

C : out std_logic_vector(2 downto 0));
end add2;
architecture inp of add2 is a
conpone(m ful | _adder A(l) 1 Carfyc(z)
port
a, b, c :in std_ulogic; B(l) — sum
sum carry : out std_ulogic); —C(l)

end conponent;

signal carry : std_ulogic;
begi y oo st carry

bito : full ig\%;ier port map (
a = ) I
b B0). A(0) —2 carry
0, R
Sty > ety B(0)

; sum
bitl : ful\faddgz port map ( vy C C(O)
a = A1), 0" —
b = B(1),
c => carry,
sum  => (1),
carry => ((2));
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1980s: Graphical schematic capture programs
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Process
Ports
process (dk)
in if clk Event and ——{Component
— clk="1" then ~
B Count <= Count + 1;
n end if;
end process; —_—
out ——Component
out | Signal
inout X <= (Y ='1) and (X = "110")
Dataflow Expression
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library ieee;
use ieee.std_logic_1164.all;

entity nultiplexer_4_1is

port(in0, inl : in std_ulogic_vector(15 downto 0);
in2, in3: in std_ulogic_vector(15 downto 0);
s0, sl :in std_ul ogic;

z : out std_ulogic_vector(15 downto 0));

end mul tiplexer_4_1;

architecture inp of multiplexer_4_1is
begin

z <= in0 when (sO0 ='0" and s1 = '0") else
inl when (sO ="'1" and s1 = '0") else
in2 when (sO ='0" and s1 ='1") else
in3 when (sO ='1" and s1 = '1") else
" XKKKXHXKXXXXKX™ 5

end inp;




library ieee;
use ieee.std_|logic_1164.all;

entity multiplexer_4 1 is
port(in0, inl : in std_ulogi c_vectorElS downt o 0;;

i
in2, in3: in std_ulogic_vector(15 downto 0);
sO sl in std_ulogic;

out std_ul ogi c_vector (15 downto 0));

end rmltlpl exer 21 1;

architecture usewith of multiplexer_4 1 is
signal sels : std_ulogic_vector(1l downto 0);

begi n
sels <= s1 & s0; -- Vector concatenation
with sels select
zZ <=
i n0 when "00",
inl when "01",
in2 when "10",
in3 when "11",

 XXKXKXXXXXXX" when ot hers;
end usew th;
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library ieee;
use ieee.std_|logic_1164.all;

use ieee.std_logic_arith.all;
use ieee.std_| ogi c_unsigned. all;

entity adder is

por
A B: in std_logic_vector(7 dowto 0);
@] :in std_logic;
SUM : out std_l ogi c_vect or (7 downto 0);
CO : out std_logic);

end adder;

architecture inp of adder is
signal tnp : std_|logic_vector(8 downto 0);
begi n
tmp <= conv_std_| ogi c_vector((conv_integer(A)
conv_i nt eger ( B)
conv_i nteger(Cl)

—+ +

. 9);
SUM <= tnp(7 downto 0);
CO <= tnp(8);

end inp;
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library ieee;
use ieee.std_logic_1164.all;

entity rippleadder is
port (a, b : in std_ulogic_vector(3 downto 0);
cin : in std_ulogic;
sum : out std_ul ogic_vector(3 downto 0);
cout : out std_ulogic);
end rippl eadder;

architecture inp of rippleadder is
signal ¢ : std_ulogic_vector(4 downto 0);

begi n
c(0) <=cin;
Gl: for min O to 3 generate -- at conpile time
sum(m) <= a(m xor b(m xor c(m

c(mtl) <= ?a(r’r) and b(m) or (b(n) and c(m) or
(a(m and c(m);

end generate Gl;

cout <= c(4);
end inp;

library ieee;
use ieee.std_|logic_1164.all;

entity decl 8 is

port (
sel : in std_logic_vector(2 dowto 0);
res : out std_logic_vector(7 downto 0));
end decl_8;

architecture inp of decl 8 is
begi n

res <= "00000001" when sel = "000" else
"00000010" when sel = "001" else
"00000100" when sel = "010" else
"00001000" when sel = "011" el se
"00010000" when sel = "100" el se
"00100000" when sel = "101" else
"01000000" when sel = "110" else

"10000000";
end inp;
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library ieee;
use ieee.std_logic_1164.all;
use ieee.std_|logic_unsigned. all;

entity aluis

port (
A, B: in std_logic_vector(7 downto 0);
ADD : in std_logic;

RES : out std_|logic_vector(7 dowmto 0));
end al u;

architecture inp of aluis

begi n

RES <= A + B when ADD = '1' el se
A - B

end inp;
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library ieee;
use ieee.std_|logic_1164.all;

entity flipflop is
port (Ck, D: in std_ulogic;
Q : out std_ulogic);
end flipflop;
architecture inp of flipflop is
begin
process (d k) -- Process sensitive to Ok
begi n
if (k' event and Ok ='1") then -- Rising edge
Q<= D
end if;
end process P1;
end inp;

library ieee;
use ieee.std_logic_1164.all;

entity priority is
port
sel : in std_logic_vector(7 downto 0);
code : out std_logic_vector(2 downto 0));
end priority;

architecture inp of priority is
begin

code <= "000" when sel (0) ='1" else
"001" when sel (1) ='1" else
"010" when sel (2) ='1" else
"011" when sel (3) = '1" else
"100" when sel (4) ='1" else
"101" when sel (5) ='1" else
"110" when sel (6) ='1" else
"111" when sel (7) ='1" else
-- "-"is "don't care"

end i np; The VDL Hadware Descrpion Language - p. 121

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_|logic_unsigned. all;

entity conparator is

port (
A, B : in std_logic_vector(7 downto 0);
GE : out std_logic);

end conparator;

architecture inp of conparator is

begin
CGE <= '1" when A>= Belse '0;
end inp;

“The VHDL Hardviare Description Language — p. 15/7

library ieee;
use ieee.std_logic_1164.all;

entity flipflop_reset is
port (COk, Reset, D: in std_ulogic;
out std_ulogic);
end flipflop_reset;

architecture inp of flipflop_reset is
begin
P1: process (dKk)
begi n
if (Qk event and Ak ="1") then
if (Reset ='1") then Q<="'0";
else Q<= D
end if;
end if;
end process P1;
end inp;
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library ieee;
use ieee.std_|logic_1164. all;
use ieee.std_| ogi c_unsi gned all;

entity counter is
port( . .
Ck, Reset : in std_logic;
: out std | ogi c_vector (3 downto 0));
end counter;

architecture inp of counter is
signal count : std_|logic_vector(3 downto 0);

begi n
rocess (dKk)

count <= count + 1;

end process

Q <= count; -- copy count to output

end inp; The VHDL Hardhare Descrption Language - p. 191

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_| ogi c_unsi gned all;

entity rom32 4 is

port (
ak in std_logic;
en ©in std_logic; Read enabl e
addr : in std_logic_vector(4 dovmto 0);
out std_logi c_vector(3 downto O )

data
end rom 32 4;

architecture inp of rom32 4 is
type romtype is array (31 downto 0)
of std_logic_vector(3 downto 0);

0100
0101

*1010", "1011". *1100", "1101", "1110", "1111", "0000". "0010"};
begi n

rocess (dk)

egi
if gak event and Ak ='1") then
(en ="1") then
data <= ROM conv_integer (addr));
end if;
end if;
end process;
end inp;
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__________ the intersection of a busy highway
I :gf_ and a farm road. Normally,
u the highway light is green but if

a sensor detects a car on the farm
road, the highway light turns yellow then red. The
farm road light then turns green until there are no
cars or after a long timeout. Then, the farm road light
turns yellow then red, and the highway light returns to
green. The inputs to the machine are the car sensor,
a short timeout signal, and a long timeout signal. The
outputs are a timer start signal and the colors of the
highway and farm road lights.
Source: Mead and Conway, Introduction to VLSI Systems, 1980, p. 85.

library ieee;
use ieee.std_|logic_1164.all;

entity shifter is
port
Gk : in std_|logic;
Sl : in std_logic;
out std_logic);

so -
end sh|fter

architecture inpl of shifter is
signal tnp : std_logic_vector(7 dowto 0);

begi n
process (d k)
begin
if (Ok'event and Gk ='1") then
for i in0Oto 6 loop -- unrolled at conpile tine
tap(i+1) <= tm(i);
end | oop;
tnp(0) <= Sl;
end iIf;
end process;
SO <= tnp(7); -- Copy to output
end inpl; The VHDL Hardare Descripion Language — . 201
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library ieee; °
use i ez_eA std_| ogic_1164.al | ; 4 4
use ieee.std_| ogi c_unsigned.all; ]
entltyram324|s ~
port ( - A
in std_logic;
in std_loglc; -- Wite enable
in std_logic; -- Read enabl e
in std_logic_vector(4 downto 0);
in std_logic_vector(3 downto 0); -- Data in
out std_logic_vector(3 downto 0)) - Data out

do
end ram. 32 4;

architecture inp of ram32 4 is
type ramtype is array(3I downto 0) of
std_l ogi c_vector (3 downto 0);
5| gnal RAM : ramtype;

process (A k)
begi n
|f_¥C|k event and Clk ="'1") then
i Fen = 1)
i we = "1’ )
conv |meger(addr)) <= di;
do <= di;
el se
do <= RAM conv_int eger (addr));
end if;
end if;

end if;
end process;
end inp; ‘The VHDL Hardware Description Language — p. 21/7

entity nyFSMis

architecture inp of rryFSM | s
constant STATEL :
constant STATE2 :
signal current_state, next_state HE

process (clk) -- State hol ding el enent process
begi n
if (clk’event and clk = "'1") then
current_state <= next_state;
end if
end process;

process (inputs...) -- Qutputs and next state function
begi n
if (reset ='1") then
next_state <= STATEL,;
el se

case current_state is
when STATEL =>
outputl <= '1";
next_state <= STATEZ;
when STATE2 =>

next_state <= STATE3;
end case;
end if;
end process
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end inp;

library ieee;
use ieee.std_|logic_1164.all;

entity tlc is

port (
clk ©in std_ulogic;
reset :in std_ulogic;
cars :in std_ulogic;
short ©in std_ulogic;
| ong :in std_ulogic;
hi ghway_yel | ow : out std_ul ogic;
hi ghway_r ed : out std_ul ogic;
farmyel | ow . out std_ul ogic;
farmred : out std_ul ogic;
start _timer : out std_ulogic);
end tlc;



architecture inp of tlc is
signal current_state, next_state : std_ul ogic_vec:
constant HG : std_ul ogi c_vector := "00";
constant HY : std_ul ogic_vector := "01";
constant FY : std_ul ogic_vector := "10";
constant FG: std_ulogic_vector := "11";
begin
P1: process (clk) -- Sequential process
begin

if (clk’event and clk = '1") then

current _state <= next_state;

end if;

end process P1;
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hi ghway_yel l ow <= ' 0";
hi ghway_red <=1
farmyel | ow <=1,
farmred <='0";
if (short ='1") then
next_state <= HG
start_timer <= '1";
el se
next _state <= FY;
start_tiner <= '0";
end if;

when others =>

end

next_state <= "XX';
start_tinmer <= 'X;

hi ghway_yel l ow <= " X' ;
hi ghway_red <='X;
farmyel | ow <='X;
farmred <="'X;
case;

end if;
end process P2;

end inp;
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-- Conbinational process
Sensitive to input changes, not clock

P2: process (current_state, reset, cars, short, l|ong)

if (reset ='1') then
next_state <= HG
start_timer <= '1";

case current_state is
when HG =>

hi ghway_yel l ow <= ' 0";
hi ghway_red <
farmyel | ow <='0";
farmred <="'1";
if (cars ='1" and long = '1') then
next_state <= HY,
start_tinmer <= '1";
el se
next_state <= HG
start_tiner <= '0";
end if;

“The VHDL Hardvware Descripton Language — p. 2917

hi ghway_yel low <= "1";

hi ghway_red <='0";
farmyel | ow <='0";
farmred <="'1";
if (short ='1") then
next_state <= FG
start_timer <= '1";
el se
next_state <= HY;
start_tiner <= '0";
end if;

when FG =>

hi ghway_yel l ow <= "' 0";
hi ghway_red <='1";

farmyel | ow <='0";
farmred <='0";
if (cars ='0" or long ='1") then

next_state <= FY;

start_timer <= '1";
el se

next_state <= FG

start_timer <= '0";
end if;

“The VHDL Hardware Description Language — p. 3012
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