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= Very high speed integrated Hardware
Description Language (VHDL)

= 1980 VHSIC Very High Speed
Integrated Circuit

= 1982 “VHSIC

« 1987 12 VHDL IEEE 1076

= 1993 VHDL

IEEE 1164
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m Verilog HDL
= 1983 84 Phil Moore Gateway Design
Automation
= 1989 Candence
« 1995 12 |EEE (IEEE 1364)

= Verilog C
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= VHDL vs. Verilog HDL
= USA—IBM,TI,AT&T,INTEL...VHDL,
= USA—Silicon Valley...Verilog;
= Europe—VHDL,;
« Japan—Verilog;
s Korea—/0-80%VHDL;
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= VHDL

I nput port

functions= Output port
o /
1
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= VHDL

MAXPLUSII
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s 2 1 VHDL

ENTITY mux2lalS ~

PORT(a b:IN BIT;
s:IN BIT; .
y : OUT BIT ) ;

END ENTITY mux2la

ARCHITECTURE one OF mux21alS
BEGIN
y <= a WHEN s='0" ELSE
b ;
END ARCHITECTURE one:

™

w21 a sE3dE
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(entity)

IN >

INOUT )

generic (delay: time); vLinkace

, ouT

, BUFFER

(in) (out)
(buffer) (linkage).

(inout)
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o (architecture)

Entity testl Is
Port (4, b: inbit;
c, d : out bit);
end test1;
architecture testl body of testl is
begin
c <= aand be—
d<=aorb;
end testl body;

Entity testl Is
Port (@, b: inbit;
c, d : out bit);
end test1;
architecturetestl body of testlis
egin
<=aorb;
c<=aandb;
end testl body;



THE SAME

c<=aand b;( ¢ d<=aor b
d<=aorb: c<=aandb:;
] Mame: nﬁfalue: 1
| =) | =)
= 0 |
=3

C=AandB _rmc

[ B o B

D=AORB ]-ﬁd
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o (process)



Entity testlis

Port ( clk, d1,d2: in bit;
gl, g2 : out bit);

end testl,

architecturetestl body of

testlis

begin

Process (clk, d1)

begin e,é/

If (clk’ tand clk =‘1")
then

G

end if;

end process;

Process (clk, d2)

begin

If (clk’event and clk="1") then
g2 <=d2;

end if;

end process;

end testl body;

Entity testl is

Port ( clk, d1, d2 : in bit;
ql, g2 : out bit);

end test1;

architecture testl body of testl

IS

begin

Process (clk, d2)

begin

If (clk’eventand clk =°1")

then

g2 <=d2;

end if;

end process,

Process (clk; d1)

begin

If (clk’event and clk="*1") then

gl <=di,

end if;

end process,

end testl body;



MName: walue:
o

L]

= 1
= 1
= |k 0
= ] 0
=g 0 O

Process (clk, d1)

begin

If (clk’event and clk =*1") then
gl <=di,;

end if;

end process;

T

Process (clk, d2)

begin

If (clk’event and clk =‘1’) then
g2 <= d2;

end if;

end process;






HDL

Constant : [:=

Constant width_temp : integer :=8;
Constant VCC : real := 3.3;
Constant delay: time :=10ns;



‘_H/HDL

=« Variable : [:= ]
= Variable temp : std_logic := ‘0’;



‘_H/HDL

« Signal : [:

n signal clk : std_logic := ‘0’;



signal vs. variable

signal variable




LIBRARY |EEE;

USE IEEE.STD_LOGIC 1164 .ALL;

ENTITY mux4 1S

PORT (i0,i1,12,13,a,b: IN STD LOGIC;
g: OUT STD _LOGIC);

END mux4;

ARCHITECTURE body mux4 OF mux4 IS

signal muxval : integer range O to 3;

BEGIN
process(i0,i1,i2,i3,a,b)
begin
muxval <= 0;
If (a="1") then

muxva <= muxva + 1;
end if;
If (b="1") then

muxva <= muxval + 2;
end if;

case muxval is
when 0 => g <=10;
when1l=>q<=1i1,;
when 2 =>q<=1i2;
when 3=>q<=13;

end case;

end process,

END body mux4;

Mame: _Walue: I 1IIIIII.IEIn5 EEIEI.IEIns 3EIEI.IEIn5 4IIIIII.II
zo— i3 T o TSV UBUUU U UBUUU UV BUUULUUpUUuL
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LIBRARY |EEE;

USE IEEE.STD_LOGIC 1164.ALL;

ENTITY mux4 1S

PORT (i0,11,12,13,a,b: IN STD_LOGIC;

g: OUT STD _LOGIC);
END mux4;

ARCHITECTURE body mux4 OF mux4 IS

BEGIN
process(i0,11,i2,13,3,b)

variable muxval : integer rangeOto 3; --

case muxval is
when 0 => q <=0;
when 1=>q<=i1;
when 2 =>q<=i2;
when 3=>q<=1i3;

end case;

end process,

END body mux4;

begin

muxval = 0; [ame: ,_i‘u“alue: I 100.0ns 200.0ns 300.0ns 4001

if (a="1) then -3 o AU
muxval := muxval + 1; =~ “ o JUUUUUUUULLLUUULUTUYUUL

end f; - i o UL UL LT

if (b="1") then a0 0| | | | | B
muxval := muxval + 2; = @ o o ¥ 1w

endf; Il . O S AR AR AR
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= VHDL-93
= File : IS [ ]
= Type s file of

= . type filetype is file of std_logic_vector;
file myfile : filetype is in “/myproject/vector.in”
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= Integer
. - 2311 + 2311
z constant max : integer :=128;

signal number : integer range 0 to 255;
variable int8 : integer;
type digital is integer range 0 to 9;



‘_HVHDL 3/12

real

o -1.0E38  +1.0E38;

0 constant max : real : =128.0;
signal number : real range 0.0 to 255.0;
variable voltage : real,
type current is real range —1.0e3 to +1.0e3;



‘_H/HDL

type IS (

type boolean is (false, true);
type bitis (‘O’, ‘1’);

4/12
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« TYPE std _ulogic IS ( 'U', -- Uninitialized

'X', -- Forcing Unknown
-- Forcing O
-- Forcing 1
-- High Impedance
'W', -- Weak  Unknown

XI
lOI
lll
Zl

'L, --Weak O
'H', --Weak 1
‘- -~ Don't care

);
= Std_logic std_ulogic
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type IS
units

end units;



VHDL 7112

= VHDL

Type time is range 0.0 to +1.0el19

Units
fs;
pPs=1000fs;
ns=1000ps;
us=1000ns;
ms=1000us;
sec=1000ms;
min=60sec;
hr=60min;

End units;
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‘_H/HDL 9/12

type IS array of

type word is array (15 downto 0) of bit;
type std_logic_vector is array (natural range <>) of logic;



‘_H/HDL 10/12

Type IS record

end record;
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case

array

= Subtype IS [
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= Subtype natural isinteger range 0 to +21474836;

= Subtype byteisstd logic vector(7 downto 0);

= Subtype std logic isresolved std ulogic;

= Subtype X01 isresolved std _ulogicrange ‘X’ to‘1’;

= Subtype byte is array (7 downto 0) of std_logic;
« TYPE SUBTYPE

=« TYPE

=« SUBTYPE



library ieee;
use ieee.std logic 1164.all;
entity test is

port (a: In std_logic vector(7 downto 0);

sxqut std logic vector(7 downto 0));

end test;
architecture tt of test
type byteis
signal data byte
begin

data<=a;

to 0) of std logic;

s<=data;

end tt;



library ieee;
useieee.std logic 1164.all;
entity test is
port (a in std logic vector(7 downto 0);
S. out logic_vector(7 downto 0));

end test;
architecture tt of test is
subtype byteis logic vector(7 downto 0);
signal data: byte;
begin

data<=3g;

s<=data:

end tt;
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VHDL

(BOOLEAN)
(BIT)
(BIT_VECTOR)
(CHARACTER)
(INTEGER)
(REAL)



VHDL
7 (STRING)

VARIABLE string var - STRING (1 TO 7 ) ;
string var :="abcd"

8. (TIME)
TYPE time IS RANGE 2147483647 TO 2147483647
units
fs ; —— VHDL
ps = 1000 fs ; ——
ns = 1000 ps ; ——
us = 1000 ns ; ——
ms = 1000 us ; ——

sec = 1000 ms ; ——

min = 60 sec ; ——

hr = 60 min ; ——
end units ;




|EEE

1. STD_LOGIC

7 (STD_LOGIC_VECTOR)

STD_LOGIC_VECTOR
TYPE STD LOGIC VECTOR IS ARRAY ( NATURAL
RANGE <> ) OF STD_LOGIC ;



B (UNSIGNED TYPE)

8
VARIABLE var : UNSIGNED(O TO 10) ;
UNSIGNED" (*'1000")  SIGNAL  sig : UNSIGNED(5 TO 0) ;

2 (SIGNED TYPE)

SIGNED" ("'0101") +5 5
SIGNED" ("'1011") 5



= CONV_INTEGER( )

« INTEGER, UNSIGNED, SIGNED, or STD_ULOGIC

. -2147483647 to 2147483647,
= UNSIGNED 31-bit
« SIGNED 32-bit.

= CONV_UNSIGNED( )

« INTEGER, UNSIGNED, SIGNED, or STD_ULOGIC



= CONV_SIGNED( )

« INTEGER, UNSIGNED, SIGNED, or STD ULOGIC
= CONV_STD LOGIC VECTOR( )

« INTEGER, UNSIGNED, SIGNED, or STD_LOGIC



LIBRARY ieee;
USE ieee.std logic_1164.all;
USE ieee.std_logic_arith.all,

ENTITY adder IS
PORT (op1, op2 : IN UNSIGNED(7 DOWNTO 0):
result : OUT STD_LOGIC_VECTOR(7 DOWNTO 0)

)i
END adder;
ARCHITECTURE maxpld OF adder IS
BEGIN

result <= CONV_STD_ LOGIC VECTOR(opl + op2, 8);
END maxpld;
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VHDL

&
* (
/ (
MOD
REM
SLL BIT
SRL BIT
SLA BIT
SRA BIT
ROL BIT
ROR BIT




AND BIT BOOLEAN STD_LOGIC
OR BIT BOOLEAN STD_LOGIC
NAND BIT BOOLEAN STD_LOGIC
NOR BIT BOOLEAN STD_LOGIC
XOR BIT BOOLEAN STD_LOGIC
XNOR BIT BOOLEAN STD_LOGIC
NOT BIT BOOLEAN STD_LOGIC
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SLL SLA SRL SRA ROL ROR
= /= < <= > >=
AND  OR NAND NOR XOR  XNOR




= AND
= NAND
= OR

= NOR
= XOR
= NOT

4/5

e~



SIGNAL a b c: STD LOGIC VECTOR (3 DOWNTO 0)
SIGNAL d, e, F, g: STD LOGIC VECTOR(1 DOWNTO 0);
SIGNAL h 1 j k : STD LOGIC

SIGNAL I m n o p : BOOLEAN

a<=b AND c;
--b cC a a b c 4

d<=e OR T OR g ;
— OR

h<=(i NAND j)NAND k
—— NAND

I<=(m XOR n)AND(o XOR p);



SIGNAL a b c¢: STD LOGIC VECTOR (3 DOWNTO 0)
SIGNAL d, e, f, g: STD LOGIC VECTOR(1 DOWNTO 0O);
SIGNAL h I jJ k : STD LOGIC
SIGNAL I m n o p : BOOLEAN

h<=1 AND j AND k ;

- AND
h<=1 AND jJ OR k ;

Zod STD LOGIC |
L BOOLEAN
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Signal a, b, c, d : std_logic;
Signal g : std_logic vector(3 downto 0)

g<=a&bé&c&d; o
g<=(a, b, c, d); iz

g<=(3=>a, 2=>b, 1=>¢, 0=>d);

g<=a&a&c&d, =

q<=(1=>c, 0=>d, others==>a);
e others

others
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156E2(=15600) 45 234 287 (=45234287)

1.335 1.0;
44.99E-2(=0.4499)
88 670 551.453 909(=88670551.453909):

# # |

SIGNAL d1,d2,d3,d4,d5, : INTEGER RANGE O TO
255;

d1<=110#170# e 170)
d2<=16#FE# . S 254)
d3<=2#1111 1110#; Py 254)
d4<=8#376#; g 254)

d5<=16H#EHEL; - ( 2#1110000# 224)
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ASCII



I “itistimeout*, 'x’, "X*, "BB$CC"

d1<=B"1 1101 1110“ --

d2<=0""15" —

d3<=X""ADO"" - 1
d4<=*101_010 101 010" ——

d5 <= " 0ADO" - X

N o ©
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s Wait
- walt
= Wait on

Wait on

process

1/10
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= Walit until
. Wait until

= Walit for
. Walit for

=« Wait for

2/10

“true’”;
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| elsif J
- If < > then
< 7
[ [elsif% else ]
< > ]
else
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s Case

. If

. case < > IS
when < > =< >
when others => < >:
end case:

= When

= When

= When others
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= For loop while loop
= For loop
- [ :] for In loop
< >-

end loop [ ]
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= While loop
0 [ :] while < > |oop
< >
end loop [ ]
= for loop while loop

. for loop
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] [when ]
. loop
s Exit
0 exit [ ] [when ]
. loop



‘_H/HDL 3/10

s Return

o return [ ]
= Null

- null;

» case when others==>null;
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. ]
K assert < =
report < >
severity < >




‘_H/HDL 10/10

= {note, warning, error, failure};

O Report

m report < =
[severity < >];

= VHDL-93
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o . process
= [ -] process [ ] [is]
| ]
begin

< >
end process | ]
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= block
= [ -]block [ ]
| | 115
| | 115
| ]

begin
< >
end block [ ]



< > <=< >
< >S<=< 1> when < 1> else
< 2> when < 2> else
< n-1> when < > else

< n=:



If...then vsS. When

|f When

Else Else




case

4/12

> select
> <=< 1> when < 1>
< 2> when < 2>
< n> when < n>
[< n+1> when others];
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“false”
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component



/12
COMPONENT < >
[generic < >3]
PORT ( )

END COMPONENT
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< > < > [GENERIC MAP( )]
PORT MAP( [ =>] )

| . ( )



i

= GENERIC

= GENERIC

: GENERIC(
[; :

9/12
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= GENERIC
o GENERIC MAP

. PORT MAP()



L 1BRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY andn IS
GENERIC(n: INTEGER:=2; delay: tim

PORT(a : IN STD LOGIC V

R(n-1 DOWNT

)

c - OUT STD_LOGIC);
END;
ARCHITECTURE behave OF andn 1S
BEGIN
PROCESS (a)
VARIABLE int : STD LOGIC;
BEGIN
Int s 7155
FOR 1 IN a"LENGTH - 1 DOWNTO O LOOP
IF a(1)="0" THEN int -=:%0=;
END IF;
END LOOP;
c <=iInt after (delay);--
END PROCESS;
END;




LIBRARY IEEE;
USE IEEE.STD LOGIC 1164._.ALL;
ENTITY exnl IS
PORT(d1, d2, d3 : IN STD LOGIC;
d4: IN STD LOGIC vector(4 downto 0);
ql, g2 =: OUT STD LOGIC);

END;

ARCHITECTURE exn_behav OF exnl IS
COMPONENT andn ——
GENERIC ( n : INTEGER; delay : time);
PORT(a: IN STD LOGIC VECTOR(nh-1 DOWNTO 0);

Ci+ODUTSTD LOGKE) ; [:

END COMPONENT ;
BEGIN

ul: andn GENERIC MAP (n=>3, delay =>10 ns)

e n ' g NS
PORT MAP (a(0)=>d1l,a(l)=>d2,a(2)=>d3, c=>ql);
u2: andn GENERIC MAP (5,_20 ns) --n 8 20ns

PORT MAP (d4,02):

END;
|




11/12
generate
FOR IN
BEGIN
< >

END GENERATE[ ]

GENERATE
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o If

IF < > GENERATE
Begin

< > -

END GENERATE | ]



For loop vs. For generate

For loop For generate

next,exit next,exit
If...then vs. If...generate

If...then If...generate

else else




VHDL =

library ieee;
use ieee.std logic 1164.all;
entity shift_regl is
port (d1,cp: in std _logic;
dO: out std_logic);
end shift_regl;
architecture structure of shift_regl is
component dff -~ d
port (d, clk: in std_logic;
g: out std_logic);
end component;
signhal q: std_logic_vector(2 downto 0);

Begin .t
dffl: dff port map (d1, cp, q(0));
dff2: dff port map (q(0), cp, q(1));
dff3: dff port map (q(1), cp, q(2));
dff4: dff port map (g(2), cp, dO);
end structure;



VHDL —
library ieee;
use ieee.std logic_1164.all;
entity shift_reg?2 is
port (d1,cp: in std_logic;
dO: out std_logic);
end shift_reg2;
architecture structure of shift_reg2 is
component dff —- d
port (d, clk: in std_logic;
g: out std_logic);
end component;
sighal g: std_logic_vector(4 downto 0);
Begin --
q(0)<=d1;
dffl: dff port map (q(0), cp, q(1));
dff2: dff port map (q(1), cp, q(2));
dff3: dff port map (q(2), cp, q(3));
dff4: dff port map (q(3), cp, q(4));
d0<=q(4);
end structure;




VHDL —for

library ieee;
use ieee.std logic 1164.all;
entity shift_reg3 is
port (d1,cp: in std_logic;
dO: out std_logic);
end shift_reg3;
architecture structure of shift_reg3 is
component dff -- d
port (d, clk: in std_logic;
g: out std_logic);
end component;
signhal q: std_logic_vector(4 downto 0);
Begin --
q(0)<=d1;
labell: for i in O to 3 generate

dffx: dff port map (q(i), cp, q(i+1));

end generate labell;
dO<=q(4);
end structure;



VHDL — If

library ieee;
use ieee.std logic 1164.all;
entity shift_reglis
port (d1,cp: in std_logic; dO: out std_logic);
end shift_regl;
architecture structure of shift_regl is
component dff -- d
port (d, clk: in std_logic; g: out std_logic);
end component;
sighal q: std_logic_vector(3 downto 1);
Begin --
labell: for i1 in O to 3 generate
1: if (i=0) generate
dffx: dff port map (d1, cp, q(i+1));
end generate;
12: if (1I=3) generate
dffx: dff port map (q(i), cp, dO);
end generate,
13: if (1i/=0) and (i/=3) generate
dffx: dff port map (q(i), cp, q(i+1));
end generate,
end generate labell;
end structure;
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= VHDL

o (procedure)
o (function)
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PROCEDURE
PROCEDURE < >
| [, N
\ | [, N
7 PROCEDURE < >(
[BIGIN |
< >

END [PROCEDURE] <

]
]

) IS

>,
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= N
. out Inout

0O

PROCEDURE prol (VARIABLE a, b - [INOUT REAL) ;

PROCEDURE pro2 (CONSTANT al :- IN INTEGER
SINGAL bl - OUT BIT ) ;
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(function)
. FUNCTION < >
(I ] [, - Jin]
[ ] [ ]
...... ) RETURN ;
FUNCTION < > (
[ ]
BIGIN
RETURN (

END [FUNCTION] <

) RETURN
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FUNCTION funcl ( a,b,c - REAL ) RETURN REAL;
FUNCTION "*" ( a ,b - INTEGER ) RETURN INTEGER;



PROCEDURE prgl
(VARIABLE value:INOUT BIT _VECTOR(O TO 3)) IS
BEGIN
CASE value 1S
WHEN "'0000"" => value: "0101"
WHEN "'0101" => wvalue: "0000"
WHEN OTHERS => value: "1111"
END CASE ;

END PROCEDURE prgl:

FUNCTION max( a,b - IN STD LOGIC_VECTOR)
RETURN STD LOGIC VECTOR 1S

BEGIN
IF a > b THEN RETURN a;
ELSE RETURN Db;
END 1F;

END FUNCTION max;



VHDL
VHDL

= function "+"(L: UNSIGNED; R: UNSIGNED) return UNSIGNED;
= function "+"(L: SIGNED; R: SIGNED) return SIGNED;
= function "+"(L: UNSIGNED; R: SIGNED) return SIGNED;
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o VHDL



‘_H/HDL 2/15

= ‘left:
= ‘right:
= ‘high:
= ‘low:



‘_H/HDL

= ‘behavior:

= ‘Structure:

‘length

‘true’;

‘true’;

3/15



Type number is integer range O to 9;
Type week is (mon, tue, wed, thu, fri, sat, sun);
Type word is array (15 downto 0) of std_logic;

Number’left=0;

Number’right=9;
Number’higthek’hiqh\zsun; Word’high=15;

Number’low=0;

‘left="lowv;

"Il

N

/

We| ‘|eft="high;
'right="low;
We\ g

Word’left=15;
ord’right=0;

mon; Word’low=0;

ht="high;
9 9 b

TYPE arryl ARRAY (O TO 7) OF BIT
VARIABLE wth: INTEGER;

wthl: =arryl’LENGTH; -- wthl = 8
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= ‘pos( ):
= ‘val( ):
= ‘succ( ):

= ‘pred( ):



HDL 6/15

= ‘leftof( ):

= ‘rightof( ):
‘succ( )="rightof( );
‘pred( )="leftof( );
‘succ( )="leftof( );

‘pred( )= "rightof( );



7115




‘event:

'true’,

‘active:
"true’,
‘last_value:

‘last_event:

‘last_value:

8/15

‘false’:

‘false’;



active

If (clk'event and clk='1" and
(clk’'last_value=‘'0’)) then



‘_H/HDL 10/15

not(clk’stable) clk’ event......



‘_H/HDL 11/15

- ‘delayed[(1)]
t=0

- ‘stable[(t)]:
"true’
'false’;
t=0 ‘event
“NOT (clock’ STABLE AND clock
:‘ 1’) ”



12/15

'true’

'false’:
t=0

. ‘transaction:



‘_H/HDL 13/15

o ‘base

Type week is (mon, tue, wed, thu, fri, sat, sun);
SubType job day is week range mon to fri;
WeekK' right=sun;

Job day’'base’right=sun;

Job_day’'right=fri,



‘_HVHDL 14/15

- ‘range[(n)]: n
L ‘reverse_range[(n)]: n

SIGNAL rangel : IN STD_LOGIC_VECTOR (O TO 7)
FOR 1 IN rangel"RANGE LOOP; ——0O to 7
FOR 1 IN rangel“REVERSE RANGE LOOP; —7 DOWNTO O



‘_H/HDL

ATTRIBUTE
ATTRIBUTE

OF

15/15

1S
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VHDL

=  MAX+plusll

o library < >
USE . . ( ALL)



217
= Std VHDL standard
textio;
textio
= Work VHDL
work
g VHDL

Library work;
Library std;
Use std.standard.all;
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x leee

std logic_1164,numeric_bit,
numeric_std, math_complex
math_real......



Library ieee;
Use ieee.all;
Entity and2 is
port ( a,b: in std logic_1164.std_logic;
c. out std _logic 1164.std logic);

Library ieee; (
Use ieee.std logic 1164.all; -

Entity and2 is
port ( a,b: in std_logic;
c: out std logic);

Library ieee;
Use ieee.std logic 1164.std logic;
Entity and2 is
port ( a,b: in std _logic;
c. out std_logic);
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use



PACKAGE < > 1S
< >-
END [package] [< >];
L std logic_1164

leee std1164.vhd



PACKAGE BODY < > 1S
< >,
END [package body][< >];

- std logic_1164 ,
leee std1164b.vhd



CONFIGURATION <
for <
[<
end for;
END [< >;

/7
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library ieee;
useieee.std logic 1164.all;
entity adder Is
port (a, b, cin: in std_logic;
Co, S. out std_logic);
end adder,;

ar chitecture behave of adder is
begin
process (a,b,cin)
variable n: integer range 0'to 3;
constant s vector:
std_logic vector(0to 3):="0101";
constant co vector:
std_logic vector(0to 3):="0011";

.

begin
n:=0;
If (a='1") then
n:=n+1,
end if;
If (b="1") then
n:=n+1;
end if,
If (cin="1") then
n:=n+1;
end if;
s<=s vector(n);
Co<=co0_vector (n);
end process,
end behave;



library ieee;
use ieee.std logic _1164.all;

entity adder is

port (a,b,cin: in std_logic; 4
co, s: out std_logic);
end adder;

architecture dataflow of adder is
signal tmpl,tmp2: std logi

begin
tmpl<=a xor b;
tmp2<=tmp1l and cin;
s<=tmpl xor cin;
co<=tmp2 or (a and b);
end dataflow;



library ieee;
useieee.std logic 1164.all;
entity adder Is
port (a, b, cin: in std_logic;
Cco, S. out std _logic);
end adder,

architectur e structur e of adder iIs

component and2
port (a, b: in std_logic;
c.out std _logic);
end component;
component or2
port (a, b: in std_logic;
c.out std _logic);
end component;
component xor 2
port (a, b: in std_logic;
c.out std _logic);
end component;

' g

signal tmpl,tmp2,tmp3: std_logic;
begin

ul: xor2 port map (a,b,tmpl);

u2: and2 port map (tmpl,cin,tmp2);

u3: xor2 port map (tmpl,cin,s);

u4. and2 port map (a,b,tmp3);

ub: or2 port map (tmp2,tmp3,co);
end structure;



library ieee;
useieee.std logic 1164.all;
entity adder is
port (a, b, cin: in std_logic;
Cco, S. out std_logic);

end adder;
ar chitectur e mixed of adder is '
component or2
port (a, b: in std_logic; signal tmpl,tmp2,tmp3: std_logic;
c.out std logic); begin
end component; tmp3<=a and b;
component xor 2 tmp2<=tmp1 and cin;
port (a, b: in std_logic; ul: xor2 port map (a,b,tmpl);
c.out std logic); u2: xor2 port map (tmpi,cin,s);
end component; u3: or2 port map (tmp2,tmp3,co);

end mixed:;




END
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