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half add.vhd add_1.vhd

library ieee ; library ieee;

use ieee.std logic 1164.all ; use ieee.std logic 1164.all;

use ieee.std logic unsigned.all ; use ieee.std logic unsigned.all;

use ieee.std logic_arith.all ; use ieee.std logic arith.all;

_ 2 Skeskeoskeo st ske st sie sk ke sk sk sk st sie sk sk skeoske sk skeosie skeoske sk skoske skeoskeskeoskosk _ kst sk st sfe sk st she sk st sk sk sk skeoske sk skeoske skeskeosk skeoskok ZE/-:%’
_ vector
port(

_ 2 3beske sk s e ste st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skoske sk skeoskoskoskoskok

3k sk st sk sk sfe sfe sk ok sk sk sk sk sk sk sk skeosk ki sk skeskoskoskoskok
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full add.vhd add 1.vhd

library ieee ;
use ieee.std logic 1164.all ;

use ieee.std logic unsigned.all ;

use ieee.std logic arith.all ;
_ koSt stk ske sk sk sk sk sk sk ske sk sk sk sk sk sk sk skeosk stk skeoskeskeoskosk sk sk

_ 3k sk sk sk ol ke sk st sk sk sk sk sk sl sk sk sk sk sk sk sk sk skosko sk sk skeskoskoskosk

library ieee;
use ieee.std logic 1164.all;
use ieee.std logic unsigned.all;

use ieee.std logic arith.all;
vector




‘I B, ‘I B, T B “I B,
4 Sy 3 Sy 2 SAa 1 + b‘;
+ B + By 7 + By —
.S, .5, 0,5, Cid
C, S, S, S, S,

4-5 AfTIlERZETE

B Abit_adder gdf - Graphic Editor

.................................................... ifull_ adder
ait_sdder@d A0 5T Tay

il }(?-JL‘I':'LT .............. SO i ek ;

(<

3 )

FH component B port map AR AL T AR AL ER BS
sEERE




PUfr A es- R B R B T 2\
add_4bit.vhd

library ieee ;

use ieee.std logic 1164.all ;

use ieee.std logic unsigned.all ;

use ieee.std logic arith.all ;
_ sk skeoske sk s sk sk ske sk sk ske sk skeoske sk sk sk sk sk sk oskeosk stk skeoskoskoskosk sk

entity Add_4bit is
port (A,B
S :out std_logic vector(3 downto 0) ;

:in std_logic_vector(3 downto 0) ;

Cout : out std_logic ) ;
end Add_4bit ;

_ 3t st sfe s sk sk sk sk sk sk sk sk sk sk sk sk skoske sk sk sk sk skeoskoskosk ke sk skoskosk

architecture A_port map of Add 4bit is
signal C1,C2,C3 : std_logic ;
component Half add --/\ o441

end component ;

component Full_add--/ Fi 7714415

end component;

begin
Ul : Half add
U2 : Full add

port map (A(0),B(0),S(0),C1);

port map (A(1),B(1),C1,S(1),C2);
U3 : Full add port map (A(2),B(2),C2,S(2),C3);
U4 : Full add port map (A(3),B(3),C3,S(3),Cout);

end A port map ;

-~ EXETT TR A =>"F5%  Fr Pl — & R

NHTTEH port NE Y 1O IHfT A FE 2 IHF

{58 A4 fH S " =>"

--Ul:Half add port map

(A=>A(0),B=>B(0),S=>S(0),C=>C1);
--U2:Full add port map
(Ai=>A(1),Bi=>B(1),Ci=>C1,So=>S(1),Co=>C2);

FInestE=(1)

half add.vhd

library ieee ;

use ieee.std logic 1164.all ;

use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;

_ 3k sk sk sk sl ke sk ste sk sk sk sk sk sl sk sk sk sk sk sk sk sk skosko sk sk skeskoskoskosk

entity Half add is

end Half add ;

_ 3k sk sk sk ol ke sk st sk sk sk sk sk sl sk sk sk sk sk sk sk sk skosko sk sk skeskoskoskosk

architecture A_Boolean of Half add is

begin
S<=AxorB;
C<=AandB;
end A Boolean ;
st =) -FAtkE

R v hd

library ieee ;

use ieee.std logic 1164.all ;

use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;

_ ksl sfe ke sfe sk sk sk ok s sk sfe sk sk sk sk s sk sfe sk sk skeosk sk skeoskesk skok sk

entity Full add is

end Full add ;
_ 2 Skeskesfe st st st sk sfe sfe st ke st sk sfe st st sieosie sk sfe sieskeosieoske sk s skeskoskesk sk
architecture A Boolean of Full add is
begin
So <= Ai xor Bi xor Ci ;
Co <= (Ai and Bi) or (Ai and Ci) or (Bi and Ci) ;

end A Boolean ;




PUfzThniAes 2 BT E R
add_4bit_1.vhd

library ieee ;

use ieee.std logic 1164.all ;

use ieee.std logic unsigned.all ;

use ieee.std logic arith.all ;
_ kst she sk st ke sie sfe sfe sk sk sk sie sk sk sk sk sie sk sfe sk skeoskeosieoske s sk skeoskoskeosk

entity Add_4bit 1 is
port (A,B :instd logic vector(3 downto 0) ;
S :out std_logic vector(3 downto 0) ;
Cout : out std_logic ) ;
end Add_4bit 1;
_ 2 3keske she sk st ke sie sfe sfe sk sk sk sie sk sk sk sk s sk sfe sk skeoskeosieoske s sk skeoskeoskeosk
architecture A_arith of Add_4bit 1 is
signal Temp : std_logic_vector(4 downto 0) ;
--signal NERERGE B &, 55 RyiT-E 2T =] &,/ /X architecture i begin 7 fi]
begin
Temp<=('0'&A)+B; --temp<=atb;
S <= Temp(3 downto 0);
Cout <= Temp(4);
end A_arith ;
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Half sub.vhd

library ieee ;

use ieee.std logic 1164.all ;

use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;

_ 2 3keske she sk st ke sie sfe sfe sk sk sk sie sk sk sk sk s sk sfe sk skeoskeosieoske s sk skeoskeoskeosk
entity Half sub is
port (A,B

Do,Bo : out std_logic ) ;
end Half sub;

_ 3k stk s sk sk s sk s st sk sk sk s sk s s s sk sk seosk sk sk skeosk ko sk sk

:in  std logic ;

architecture A_boolean of Half sub is
begin
Do <= A xor B;
Bo<=(notA)and B ;
end A boolean ;
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(1) Full_sub.vhd—Afiff=
library ieee ;
use ieee.std logic 1164.all ;
use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;
_ 2 3keske she sk st ke sie sfe sfe sk sk sk sie sk sk sk sk s sk sfe sk skeoskeosieoske s sk skeoskeoskeosk
entity Full sub is

port (A,B,Bi :in std logic;

Do,Bo  :outstd logic);

end Full sub ;
_ 2 3keske she sk st ke sie sfe sfe sk sk sk sie sk sk sk sk s sk sfe sk skeoskeosieoske s sk skeoskeoskeosk
architecture A_table of Full sub is
begin

Do <= ((not A) and (not B) and Bi) or
((not A) and B and (not Bi)) or
(A and (not B) and (not Bi)) or
(A and B and Bi) ;

Bo <= ((not A) and (not B) and Bi) or
((not A) and B and (not Bi)) or
((notA)and Band Bi) or
(A and B and Bi) ;

end A table ;

(d)EE 5[]
52 —fime EMIEREE

# D(a,b,bi)=3(1,2,4,7)=a’b’bi+a’bbi’+ab’bi’+abbi
{7 B(a,b,bi)= 3 (1,2,3,7)=a’b’bi+a’bbi’+a’bbi+abbi
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iR when ....else fEtRGT - HEB AR
[ ERsE <= dmd#EERR& 1 when  FET{RA 1
[l #EEE,RRE 2 when B 2

(2) Full_sub_1.vhd -- {# ] when ...else
library ieee ;
use ieee.std logic 1164.all ;
use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;
_ 3k stk s sk sk s sk s st sk sk sk s sk s st s sk sk skosk sk sk skeosk ko sk sk
entity Full sub 1 is
port (A,B,Bi :in std logic;
Do,Bo  :outstd logic);
end Full sub 1;
_ 3k stk s sk sk s sk s st sk sk sk s sk s s s sk sk seosk sk sk skeosk ko sk sk
architecture A_when_else of Full sub 1 is
begin
Do <="1"' when (A='0" and B='0" and Bi='1") else
'l' when (A='0" and B="1" and Bi='0") else
'l' when (A="1' and B='0" and Bi='0") else
'l' when (A="1' and B="l" and Bi='l") else
0';
Bo <="1"' when (A='0' and B="0' and Bi='l") else
'l' when (A='0" and B='1" and Bi='0") else
'l' when (A='0" and B="1"' and Bi='l") else
'l' when (A="1' and B="l" and Bi='l") else
0';

end A_when_else

2



Full sub 2.vhd-- {# [ when ...else
library ieee ;
use ieee.std logic 1164.all ;
use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;
_ 2 3keske she sk st ke sie sk sfe sk sk sk sie sk sk sk sk st sk sfe sk skeoskeosieoske s sk skeoskeskeosk
entity Full sub 2 is
port (A,B,Bi:in std logic;
Do,Bo :outstd logic);
end Full sub 2;
_ 2 3keske sfe sk st ke sie sfe sfe sk sk sk sie sk sk s sk st sk sfe sk skeoskeosieoske s sk skeoskesieosk
architecture A_when_else of Full sub 2 is
signal Temp : std_logic_vector( 2 downto 0 ) ;
begin
Temp<=A & B & Bi;
Do <="1' when Temp="001" else
'l' when Temp="010" else
'l' when Temp="100" else
'l' when Temp="111" else
0';
Bo <="1"' when Temp="001" else
'l' when Temp="010" else
'1' when Temp="011" else
'l' when Temp="111" else
0';

end A_when_else

2



Full sub_3.vhd-- {# [ when ...else
library ieee ;
use ieee.std logic 1164.all ;
use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;
_ 2 3keske she sk st ke sie sk sfe sk sk sk sie sk sk sk sk st sk sfe sk skeoskeosieoske s sk skeoskeskeosk
entity Full sub 3 is
port (A,B,Bi :in std logic;
Do,Bo  :outstd logic);
end Full sub 3;
_ 2 3keske sfe sk st ke sie sfe sfe sk sk sk sie sk sk s sk st sk sfe sk skeoskeosieoske s sk skeoskesieosk
architecture A when_else of Full sub 3 is
signal Temp : std_logic_vector( 2 downto 0 ) ;
signal O _temp : std_logic vector( 1 downto 0 ) ;
begin
Temp<=A& B & Bi;
O _temp <="11" when Temp="001" else
"11" when Temp="010" else
"10" when Temp="011" else
"01" when Temp="100" else
"11" when Temp="111" else
"00" ;
Do <=0 _temp(0) ;
Bo <=0 _temp(1) ;
end A_when_else

2



{# F with.....select...... when EEIEFRA0T
Mgl EReE <= EmAVEETIARE | when  HETEHGRAVEETIRAE 1,
i V2T IRRE 2 when  HIETEHSRHYEETR NG 2,

i LH A R ARRE N when others;
Full_sub_4.vhd--{# [ with.......select.....when
library ieee ;
use ieee.std logic 1164.all ;
use ieee.std logic unsigned.all ;

use ieee.std logic arith.all ;

_ 2 3keskesfe sk st ke sie sk sfe sk sk sk sie sfe sk sk sk s sk sfe sk skeoskeosieoske s sk skeoskeskeosk
entity Full sub 4 is
port (A,B,Bi :in std logic;
Do,Bo  :outstd logic);
end Full sub 4 ;
_ 2 3keskesfe sk st ke sie sk sfe sk sk sk sie sk sk sk sk sie sk sfe sk skeoskeosieoske s sk skeoskoskeosk
architecture A_with select when of Full sub 4 is
signal Temp : std_logic_vector( 2 downto 0 ) ;
begin
Temp <= A & B & Bj;
with Temp select
Do <="1"when "001",
1" when "010",
"1 when "100",
"' when "111",
'0' when others;
with Temp select
Bo <="1"when "001",
1" when "010",
'"l' when "011",
"' when "111",
'0' when others;

end A with select when ;



=

5
Xx—y=x+(-y)
B —IEEy AT Y 2 RS > s E -
WEE T (DR HZE 2 -
Q)L 2 M B EHERL TR A - BEBFOI(ERE Ry 1 AURHEL
G)FHE 1 BRI 1 Bk 2 AwEE -
110 #Efr -310 B9 2 HYHHEL
R £y 310=0011
FrLl 0011
| =M
1100
L fm
1101
A LASH1-310 FH 2 BURHELFS R By 1101

=

&

FTEAVEZE Ry -12

‘|||l|l|l|| ||||



3 FH process IEFE R0 B if..then..else £l

Add_sub_4bit.vhd

library ieee ;

use ieee.std logic 1164.all ;

use ieee.std logic unsigned.all ;

use ieee.std logic arith.all ;

_ ket sk st ske st sie sk ke sk sk sk sk sk ske sk sk sk sk skeosie skeoske sk skoske skeoskeskeoskosk

entity Add_sub_4bit is

port (

SUB : in
A,B:in
S :outstd logic vector(3 downto 0);
C3 :outstd logic

std_logic;
std_logic_vector(3 downto 0);

)
end Add_sub 4bit ;
_ ke skeoskeoske sfe sk ke sk sk sk skeoskeoske skeskeosk sk
architecture ARCH gt Add_sub 4bit is
d logic vector(4 downto 0);

sk sk sk sk sk sk ki ke skeskosk

signal Temp :
begin
process(SUB,A,B)

[fZ44:] process(EUHIEHSE 1,2,...)
[EHEE ~ BEEE]
begin
UG P MRS 2l i e R ]

end process[fZ44];

begin

\

<A

end process;
end ARCH ;

if HEr{ER{: 1 then
SE—4HAIL;
[elsif HET{EEA 2 then
55 4HAUI

25 N gHA;
end if ;




BCD HE$ 32 7 ERBURas 2 5 a5

library ieee ; library ieee ;
use ieee.std logic 1164.all ; use ieee.std_logic 1164.all ;
use ieee.std_logic unsigned.all ; use ieee.std_logic unsigned.all ;
use ieee.std logic_arith.all ; use ieee.std_logic_arith.all ;
_ 2 3keske she sk st ke sie sk sfe sk sk sk sie sk sk sk sk st sk sfe sk skeoskeosieoske s sk skeoskeskeosk _ Stk ske s st st st sfe sfe s sk ke sk sfe sk sk st sie sk sfe sk sk skeosiesie sk sk skeskeskeske sk
entity BCD to 7seg cis entity BCD to 7seg ¢ 2 is
port (B0O,B1,B2,B3  :instd logic ; port ( BCD : in integer range 0 to 15 ;
Y : out std_logic_vector(0 to 6)) ; Y :outstd logic vector(0 to 6)) ;
end BCD to 7seg c; end BCD to 7seg ¢ 2;
_ 2 3keske sfe sk st ke sie sfe sfe sk sk sk sie sk sk s sk st sk sfe sk skeoskeosieoske s sk skeoskesieosk _ 2 Slkeske s st st st sfe sfe sk sk ke sl sfe s sk st sie sk sfe sk sk skeosieosie sk sk skeskeskeske sk
architecture A_case when of BCD to 7seg cis architecture A_with_select when of
signal Temp : std_logic_vector(3 downto 0) ; BCD to 7seg ¢ 2is
begin begin
Temp <=B3 & B2 & Bl & B0 ; with BCD select
process(Temp) Y <="1111110" when 0,
begin "0110000" when 1,
case Temp is "1101101" when 2,
when "0000" => Y<="I111110"; "1111001" when 3,
when "0001" => Y<="0110000"; "0110011"  when 4,
when "0010" => Y<="1101101"; "1011011" when 5,
when "0011" => Y<="1111001"; "0011111" when 6,
when "0100" => Y<="0110011"; "1110000"  when 7,
when "0101" => Y<="1011011"; "1111111"  when 8,
when "0110" => Y<="0011111"; "1110011" when9,
when "0111" => Y<="1110000" ; "1001111" when 10to 15;
when "1000" => Y<="1111111"; end A with_select when ;
when "1001" => Y<="1110011";
when others => Y<="1001111";
end case;
end process;
end A _case when ;




BCD fi55(0~9)( X 1 8421 ) » LA 4 {[ bit Frr—{& 10 #EHIE -
BCD FEf3A%E BCD add_1d.vhd

library ieee ;

use ieee.std logic 1164.all ;

use ieee.std logic unsigned.all ;

use ieee.std logic arith.all ;

_ 2 Skeskeskeo st ske st sie sk ke sk sk sk sk sk sk sk skeoske sk skeosie stk sk skoske skeoskeskok sk

entity BCD add 1dis

port (A,B:in std logic vector(3 downto 0) ;

S :outstd logic vector(3 downto 0) ;
Co :outstd logic);

end BCD add 1d;

_ ket sk st ske st sie sk ke sk sk sk sk sk sk sk skeoske sk skeosie stk skeoskoske skeoskeskok sk

architecture A_arith of BCD add 1d is

signal Temp : std_logic_vector(4 downto 0) ;
begin
process(A,B)
begin
Temp <= ('0'&A)+B ;
if (Temp(3 downto 0)>9) OR (Temp(4)='1") then

-- if (Temp(4 downto 0)>9) then
S <= Temp(3 downto 0)+6 ;
Co<="l"

else
S <= Temp(3 downto 0);
Co<="0";
end if;
end process ;
end A_arith ;



HAwm A ERYsE 2 — (18 BCD 514
BCD _add 1d _1.vhd
library ieee ;
use ieee.std logic 1164.all ;
use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;
_ 3k skeoskeo sk sfe sk sk she sk sk sk sk sk sk ske sk sk sk sk sk skeoske skeoskeoske skeoskosk skoskok
entity BCD add 1d 1is
port (A,B  :in std logic vector(3 downto 0) ;
S :out std_logic vector(3 downto 0) ;
Co,E :outstd logic);
end BCD add 1d 1;
_ ke skeoskeo sk sfe sk sk she sk sk sk sk sk sk sk sk sk sk sk sk skeoske skeoskeoske skeskosk skoskok
architecture A_arith of BCD add 1d 1 is
signal Temp : std_logic_vector(4 downto 0) ;
begin
process(A,B)
begin
Temp <= ('0'&A)+B ;
if (A(3 downto 0)>9) OR (B(3 downto 0)>9) then
S<="2777"; --REZ’ForEHEi
Co<="Z';
E<='l'; --gfarnhimssE R 1
AT E— 2 E
elsif (Temp(3 downto 0)>9) OR (Temp(4)="1") then
S <= Temp(3 downto 0)+6 ;

Co<="11;
E<='0';
else
S <= Temp(3 downto 0);
Co<="0";
E<='0';
end if}

end process ;
end A_arith ;




—fir# BCD HEJRARS
BCD sub 1d.vhd
library ieee ;
use ieee.std logic 1164.all ;
use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;
_ 2 3keske sfe sk st ke sie sfe sfe sk sk sk sie sk sk s sk st sk sfe sk skeoskeosieoske s sk skeoskoskeosk
entity BCD sub 1d is
port (A,B:in std logic vector(3 downto 0) ;
S  :outstd logic vector(3 downto 0) ;
Co :outstd logic);
end BCD sub 1d;
_ 2 3keske she sk st ke sie sk sfe sk sk sk sie sk sk sk sk sie sk sfe sk skeoskeosieoske s sk skeoskeskeosk
architecture A_arith of BCD sub_1d is
signal Temp : std_logic_vector(4 downto 0) ;
begin
process(A,B)
begin
Temp <= ('0'&A)H(10-B) 5 --JBEHUE 10 HYHEL
if (A(3 downto 0)>9) OR (B(3 downto 0)>9) then --{H& A T B KJj* 9 ¥
S <="Z777"; =T
Co<="Z';
elsif (Temp(3 downto 0)>9) OR (Temp(4)="1") then
S <= Temp(3 downto 0)+6 ;
Co<='ly -~ A-BHYZEHIEER
else
S <= 10-Temp(3 downto 0); --EHFHIE 10 AVAEHEL
Co<='0"; -~ A-BHYZERER
end if;
end process ;
end A_arith ;



3*3 e Aes
mul 3x3.vhd
library ieee ;
use ieee.std logic 1164.all ;
use ieee.std logic unsigned.all ;
use ieee.std logic arith.all ;
_ 2 3keske sfe sk st ke sie sfe sfe sk sk sk sie sk sk s sk st sk sfe sk skeoskeosieoske s sk skeoskoskeosk
entity mul 3x3 is
port ( A,B:in std logic vector(2 downto 0);
M :outstd logic vector(5 downto 0) );
end mul 3x3;
_ kst sfe sk st ke sie sk sfe sk sk sk sie sk sk sk sk sie sk sfe sk skeoskeosieoske s sk skeoskeoskeosk
architecture A_operator of mul_3x3 is
begin
M<=A*B;

end A operator ;



