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El comparador de 2 bits

Ahora buscaremos disefiaruna funcidn de Iégica combinacional que determine si el nimero x,
de 2 bifs es igual que, mayor que o menor que el nimero y,y, de 2 bifs:

Los numeros de 2 bifs x,x, ¥ y,v, 50n cuandox, = y, ¥ x, = y, portanto, las funciones de igualdad

de 1 bit (x, By, ¥ (x, By,) se pueden combinar con la funddn AND para produdr la siguiente
funciénde igualdad de 2 bits:

E=(x; Dyy) (%D yp)

La funcion mayor que, se deduce al notar que x,x, = y,y, cuando:

G=xy; (3{1 @ Fijxﬁlr’_ﬁ

La funcion de menor que, se deduce al notar que x,x, < y,y, cuando

L=xy, + (1’{1 & Fle_DFD
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Elcomparador de 4 bits
Un comparador de 4 bits puede disefiarse por extension directa de las formulas de un comparador
de 2 bits. Las formulas resultantes para el comparador de 4 bits son:

E= (Kg @Fg] ' (Kg @Fz] ' (}{1@3’1]' [KE®FDJ

G=x73 + (5B ye) 5,7, + (% Bya) (%, Byy) 5,7, + (2B ya) - (%, B yy) (x5, Byy) %7,

L=%y; T (%@ ¥s) Xy, T (%3 ©3) - (x, Dyy) 5y, + (%, Dyg) - (%, D v,) - (5, Dyy) - K5y,
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Medio Sumador
Entradas: x,y, Salidas:s=x @y c=yx
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Sumador completo
Enfradas: x,y,c,,, salidas. s=x @y Bc, ¥ ¢, =vx+ xc,+ve,
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€, =X¥p T Cu{:xu ) Fu]

CQ =Xy T (Kul'fu +¢o(x, B Fu])(lﬁ @ v,)

C3 =Xy + (1"51}’1 + (¥ ¢ (%o B 7)) (5, B Flj) (x, B y,)

ey = a7y + (a7 + (523 + (v + o B 7)) ©) 6 B ) ) 6 B )
Con esto evitamos que el sumador anterior necesite del acarreo del blogue anterior
c; = Gy + ¢pF,

¢, = Gy + (Gy + ¢, B)P,

¢ =Gy + (Gy + (Gy + )PPy )P,

¢y =Gyt {Gz T '[:Gl T {Gu + Cupu]P1] Pz]Pa
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Sumador 1 bit

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity sumalis
port( cin, x, y : in std_logic;
s, cout : out std_logic);
end sumal;
architecture xxx of sumal is
begin
S <= Cin Xor X Xory;
cout <= (x and y) or (cin and (x xor y));
end xxx;



Sumador con Function

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity sumal is

port(  x,y,Cin: in std_logic;

s, Cout: out std_logic);

end sumal ;
architecture archfull_add of sumal is
function acarreo(a,b,c: std_logic) return std_logic is

begin

return ((a and b) or (c and (a xor b)));

end acarreo;
function suma(a,b,c: std_logic) return std_logic is

begin

return (a xor b xor c);

end suma;
begin

s <= suma(x,y,Cin);

Cout <= acarreo(x,y,Cin);
end architecture;



Sumador con Procedure

library ieee;
use ieee.std _logic_1164.all;
use IEEE.std _logic_arith.all;
use |EEE.std_logic_unsigned.all;
entity sumal is
port(  x,y,Cin: in std_logic;
s, Cout: out std_logic);
end sumal ;
architecture archfull_add of sumal is
procedure suma(variable x,y,cin :in std_logic;
variable s,cout : out std_logic) is
begin
S:= X XOr y Xor cin;
cout := (x and y) or (cin and (x xor cin));
end procedure;
begin
process(x,y,cin)
variable xx,yy,ccin,ss,ccout: std_logic;
begin
XX:=X; YYy:=y; ccin:=cin;
suma(xx,yy,ccin,ss,ccout);
s<=ss;cout<=ccout;
end process;
end architecture;



Sumador 1 bit: Verilog

module sumal(x, v, cin, s, cout);

input x;

inputy;

Input cin;

outputs;

output cout;

assigns=x”"y ~cin;

assign cout = (x & y) | (cin & (x M y));
endmodule




Sumador de 4 bits

library IEEE;

use [EEE.STD_LOGIC_1164.ALL;

use [EEE.STD_LOGIC_ARITH.ALL;

use [EEE.STD_LOGIC_UNSIGNED.ALL;
entity sumadx is

port( cin :in std_logic;
X,y :in std_logic_vector(3 downto 0);
s : out std_logic_vector(3 downto 0);
cout :out std_logic);

end sumadx;

architecture xxx of sumadx is

signal c : std_logic_vector(0 to 4);

begin

c(0) <= cin;
s(0) <= ¢(0) xor x(0) xor y(0);
c(1) <= (x(0) and y(0)) or (c(0) and (x(0) xor y(0)));
s(1) <= c(1) xor x(1) xor y(1);
c(2) <= (x(1) and y(1)) or (c(1) and (x(1) xor y(1)));
s(2) <= ¢(2) xor x(2) xor y(2);
c(3) <= (x(2) and y(2)) or (c(2) and (x(2) xor y(2)));
s(3) <= ¢(3) xor x(3) xor y(3);
c(4) <= (x(3) and y(3)) or (c(3) and (x(3) xor y(3)));
cout <= c(4);

end xxx;



Sumador llamando componente

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
use IEEE.std_logic_arith.all;
entity suma4 is
port (Cin : in std_logic;
X,y :in std_logic_vector(3 downto 0);
s :out std_logic_vector(3 downto 0);
Cout : out std_logic);
end sumaé;
architecture hola of suma4 is
component sumal is
port( cin, x, y : in std_logic;
s, cout : out std_logic);
end component ;
signal ¢ : std_logic_vector(0 to 4);
begin
c(0)<= Cin;
u0 : sumal port map (c(0),x(0),y(0),s(0),c(1));
ul :sumal port map (c(1),x(1),y(1),s(1),c(2));
u2 : sumal port map (c(2),x(2),y(2),s(2),c(3));
u3 : sumal port map (c(3),x(3),y(3),s(3),c(4));
Cout<= C(4);
end hola;



Sumador usando GENERATE

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY suma4d IS

PORT( Cin :IN STD_LOGIC;
X,y :INSTD LOGIC VECTOR (3 DOWNTOO );
S : OUT STD_LOGIC_VECTOR (3 DOWNTOO );
Cout : OUT STD_LOGIC);
END sumaég;

ARCHITECTURE arg_suma OF suma4 IS
SIGNALc : STD_LOGIC_VECTOR(4 DOWNTO 0 );
BEGIN
c(0) <= Cin;
CICLO: FORIINOTO 3 GENERATE
s(1) <= c(l) xor x(I) xor y(I);
c(1+1) <= (x(1) and y(I)) or (c(l) and (x(I) xor y(1)));
END GENERATE;
Cout <= c(4);
END arg_suma;



Sumador usando x'range GENERATE

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY suma4 IS

PORT( Cin :IN STD_LOGIC;
X,y :INSTD LOGIC VECTOR(3 DOWNTOO );
S : OUT STD_LOGIC_VECTOR (3 DOWNTOO0 );
Cout : OUT STD_LOGIC);
END suma4;

ARCHITECTURE arg_suma OF suma4 IS
SIGNALc : STD_LOGIC_VECTOR(4 DOWNTO 0 );
BEGIN
c(0) <= Cin;
CICLO: FORIIN x'range GENERATE
s(1) <= c(l) xor x(1) xor y(I);
c(1+1) <= (x(1) and y(1)) or (c(l) and (x(1) xor y(I)));
END GENERATE;
Cout <= c(4);
END arg_suma;



Sumador usando FOR-LOOP

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use |EEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY suma4 IS
PORT( Cin :INSTD_LOGIC;
X,y : IN STD_LOGIC_VECTOR (3 DOWNTO 0 );
s :OUT STD_LOGIC_VECTOR ( 3 DOWNTO 0 );
Cout : OUT STD_LOGIC);
END suma4;
ARCHITECTURE arg_suma OF suma4 IS
signal c : std_logic_VECTOR(4 DOWNTO 0);
BEGIN
PROCESS ( x, Y, Cin)
BEGIN
c(0) <= Cin;
FORIINOTO 3 LOOP
s(I) <= c(I) XOR x(I) XOR y(l);
c(1+1) <= (x(1) and y(I)) or (c(l) and (x(I) xor y(1)));
END LOOP;
END PROCESS;
Cout <= c(4);
END arq_suma;



module suma4(x, y, cin, s, cout);

input [3:0] x;
input [3:0] y;
input cin;
output [3:0] s;
output cout;

wire c1,c2,c3;

sumal u2 (x

endmodule

sumal uO (x[O]
sumal ul (x[1

2]
sumal u3 (x[3

1yl
1yl
1yl
1yl

W N R O

], cin, s[0], c1);
], c1, s[1], c2);
], c2, s[2], c3);
], c3, s[3], cout);



library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
use ieee.std_logic_unsigned.all;
entity sumad is
port(x, y: in std_logic_vector (3 downto 0);
Suma: out std_logic_vector (4 downto 0));
end sumad;
architecture argsum of sumad4 is
begin
Suma<=x+y;
end arqsum;



Sumador de BCD

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
use IEEE.std_logic_arith.all;
entity suma_bcd is
port (Arrastre_en : in std_logic;
X,y : in std_logic_vector(3 downto 0);
s :out std_logic_vector(3 downto 0);
Arrastre_sa : out std_logic);
end suma_bcd;
architecture behav of suma_bcd is
signal k,C,nada,temp1l, temp2, temp3 : std_logic;
signal z,xx : std_logic_vector(3 downto 0);
component suma4 is
port (Cin : in std_logic;
X,y : in std_logic_vector(3 downto 0);
s :outstd_logic_vector(3 downto 0);
Cout : out std_logic);
end component;
begin
U0 : suma4 port map(Arrastre_en, x,y, z, k);
U1 : suma4 port map(C, xx,z, s, nada);

C<='0}
xx(0) <="'0";
xx(3) <="'0";

xx(1) <= temp3;
xx(2) <= temp3;
temp1l <= z(3) and z(2);
temp2 <= z(3) and z(1);
temp3 <=k or temp1 or temp2;
Arrastre_sa <=temp3;
end behav;



Sumador con acarreo adelantado

module sumador_cla_4bits (x, y, cin, s, cout);

input [3:0] %, y;

input cin;

output [3:0] s;

output cout;

wire p0,g0, pl,g1, p2,82, p3,83;

wire c4, c3, c2, cl;

assign p0 = x[0] ~ y[0], p1 = x[1] A y[1], p2 = x[2] * y[2], p3 = x[3] * y[3];
assign g0 = x[0] & y[0], g1 = x[1] & y[1], g2 = x[2] & y[2], 83 = x[3] & y[3];

assigncl=g0 | (pO &cin),c2=g1 | (p1 & g0) | (p1 & pO & cin),c3=g2 | (p2 & gl) |
(p2 & p1 & g0) | (p2 & p1 & p0 & cin),

c4=g? | (p3 & g2) | (p3 & p2 & gl) | (p3 & p2 & pl &g0) | (p3 & p2 & pl1 & p0 &
cin);

assign s[0] =p0 " cin, s[1]=pl *cl, s[2] =p2 A c2,s[3] =p3 " c3;

assign cout = c4;

endmodule



restador

library IEEE;
use |EEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity sumad_resta is
port(w :in std_logic;
X,y :instd_logic_vector( 3 downto 0);
s :outstd_logic_vector( 3 downto 0);
cout :out std_logic);
end sumadx_resta;
architecture xxx of suma4_resta IS
component suma4 is

port( cin :instd_logic;
X,y : instd_logic_vector( 3 downto 0);
s : out std_logic_vector( 3 downto 0);

cout :outstd logic);

end component ;
signal xx : std_logic_vector(3 downto 0);
begin

xx(0) <= w xor x(0);

xx(1) <= w xor x(1);

xx(2) <= w xor x(2);

xx(3) <= w xor x(3);

u0 : sumad4 port map(w, xx, y, s, cout);
end xxx;



module suma4_resta (w,x,y,s,cout);
input w;
input [3:0] x;
input [3:0] y;
output [4:0] s;
output cout;
reg [4:0]s;
reg cout;
wire [3:0] xx;
assign xx[0] = x[0] * w;
assign xx[1] = x[1] M w;
assign xx[2] = x[2] M w;
assign xx[3] =x[3] " w;
sumador_cla_4bits i_sumador_cla_4bits (
X (xx[3:0]),
y (y[3:0]),
.cin (w),
.S (s[4:0]),
.cout (cout)
);

Endmodule
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library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity SumaResta is
port ( A:in STD_LOGIC_VECTOR (3 downto 0);
B:in STD LOGIC_VECTOR (3 downto 0);
Sel :in STD_LOGIC;
Salida : out STD LOGIC_VECTOR (3 downto 0));
end SumaResta;
architecture Behavioral of SumaResta is
begin
Salida<=(A-B)whenSel="1"else (A+B);
end Behavioral;



