SISTEMAS ELECTRÓNICOS DIGITALES
CURSO 2003/2004


PRÁCTICAS DE SISTEMAS ELECTRÓNICOS DIGITALES

Práctica 1. Implementar en VHDL un código que realice el siguiente circuito combinacional:
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practica01.vhd

ENTITY combinacional1 IS


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



d  : IN bit ;



e  : IN bit ;



x  : OUT bit ;



y  : OUT bit  


);

END combinacional1 ;

ARCHITECTURE combinacional1 OF combinacional1 IS

BEGIN


x <= (a AND (b AND c)) OR (b XOR c);


y <= a AND (d OR (e OR (b AND c)));

END combinacional1;

practica01_sim.vhd

ENTITY combinacional1_sim IS

END combinacional1_sim;

ARCHITECTURE test OF combinacional1_sim IS


COMPONENT combinacional1


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



d  : IN bit ;



e  : IN bit ;



x  : OUT bit ;



y  : OUT bit  


);


END COMPONENT ;


SIGNAL a,b,c,d,e,x,y : bit;

BEGIN


u1: combinacional1 PORT MAP(a,b,c,d,e,x,y);


a<='0','1' after 10 ns, '0' after 20 ns, '1' after 30 ns, '0' after 40 ns, '1' after 50 ns, '0' after 60 ns, '1' after 70 ns, '0' after 80 ns;


b<='0','1' after 20 ns, '0' after 40 ns, '1' after 60 ns, '0' after 80 ns, '1' after 100 ns, '0' after 120 ns, '1' after 140 ns, '0' after 160 ns;


c<='0','1' after 40 ns, '0' after 80 ns, '1' after 120 ns, '0' after 160 ns, '1' after 200 ns, '0' after 240 ns, '1' after 280 ns, '0' after 320 ns;


d<='0','1' after 80 ns, '0' after 160 ns, '1' after 240 ns, '0' after 320 ns, '1' after 400 ns, '0' after 480 ns, '1' after 560 ns, '0' after 640 ns;


e<='0','1' after 160 ns, '0' after 320 ns, '1' after 480 ns, '0' after 640 ns, '1' after 800 ns, '0' after 960 ns, '1' after 1120 ns, '0' after 1280 ns;

END test;

Práctica 2. Implementar en VHDL un código que realice el circuito haciendo uso de las variables intermedias temp1 y temp2.
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practica02.vhd

ENTITY combinacional2 IS


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



d  : IN bit ;



e  : IN bit ;



f  : IN bit ;



out1  : OUT bit ;



out2  : OUT bit  


);

END combinacional2 ;

ARCHITECTURE combinacional2 OF combinacional2 IS

BEGIN


PROCESS(a,b,c,d,e,f)


VARIABLE temp1,temp2: bit;


BEGIN



out1<=a AND b;



temp1:=c AND d;



temp2:=e AND f;



out2<=temp1 OR temp2;


END PROCESS;
 

END combinacional2;

practica02_sim.vhd

ENTITY combinacional2_sim IS

END combinacional2_sim;

ARCHITECTURE test OF combinacional2_sim IS


COMPONENT combinacional2


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



d  : IN bit ;



e  : IN bit ;



f  : IN bit ;



out1  : OUT bit ;



out2  : OUT bit  


);


END COMPONENT ;


SIGNAL a,b,c,d,e,f,out1,out2 : bit;

BEGIN


u1: combinacional2 PORT MAP (a,b,c,d,e,f,out1,out2);


a<='0','1' after 10 ns, '0' after 20 ns, '1' after 30 ns, '0' after 40 ns, '1' after 50 ns, '0' after 60 ns, '1' after 70 ns, '0' after 80 ns;


b<='0','1' after 20 ns, '0' after 40 ns, '1' after 60 ns, '0' after 80 ns, '1' after 100 ns, '0' after 120 ns, '1' after 140 ns, '0' after 160 ns;


c<='0','1' after 40 ns, '0' after 80 ns, '1' after 120 ns, '0' after 160 ns, '1' after 200 ns, '0' after 240 ns, '1' after 280 ns, '0' after 320 ns;


d<='0','1' after 80 ns, '0' after 160 ns, '1' after 240 ns, '0' after 320 ns, '1' after 400 ns, '0' after 480 ns, '1' after 560 ns, '0' after 640 ns;


e<='0','1' after 160 ns, '0' after 320 ns, '1' after 480 ns, '0' after 640 ns, '1' after 800 ns, '0' after 960 ns, '1' after 1120 ns, '0' after 1280 ns;


f<='0','1' after 320 ns, '0' after 640 ns, '1' after 1280 ns;

END test;

Práctica 3. Implementar en VHDL un multiplexor 2 a1 mediante:

1. Una sentencia IF dentro de un proceso

2. Una sentencia CASE dentro de un proceso

3. Flujo de datos

4. Mediante la sentencia concurrente WHEN .. ELSE

5. Mediante la sentencia concurrente WITH .. SELECT
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practica03a.vhd

ENTITY mux21bita IS


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);

END mux21bita ;

ARCHITECTURE mux21bita OF mux21bita IS

BEGIN


PROCESS(a,b,c)


BEGIN



IF c='0' THEN 




out1<=a;



ELSE 




out1<=b;



END IF;


END PROCESS;
 

END mux21bita;

practica03a_sim.vhd

ENTITY mux21bita_sim IS

END mux21bita_sim;

ARCHITECTURE test OF mux21bita_sim IS


COMPONENT mux21bita


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);


END COMPONENT ;


SIGNAL a,b,c,out1 : bit;

BEGIN


u1: mux21bita PORT MAP(a,b,c,out1);


a<='0';


b<='1';


c<='0','1' after 40 ns, '0' after 80 ns, '1' after 120 ns, '0' after 160 ns, '1' after 200 ns, '0' after 240 ns, '1' after 280 ns, '0' after 320 ns;

END test;
practica03b.vhd

ENTITY mux21bitb IS


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);

END mux21bitb ;

ARCHITECTURE mux21bitb OF mux21bitb IS

BEGIN


PROCESS(a,b,c)


BEGIN



CASE c IS




WHEN '0' => out1<=a;




WHEN others => out1<=b;



END CASE;


END PROCESS;
 

END mux21bitb;

practica03b_sim.vhd

ENTITY mux21bitb_sim IS

END mux21bitb_sim;

ARCHITECTURE test OF mux21bitb_sim IS


COMPONENT mux21bitb


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);


END COMPONENT ;


SIGNAL a,b,c,out1 : bit;

BEGIN


u1: mux21bitb PORT MAP(a,b,c,out1);


a<='0';


b<='1';


c<='0','1' after 40 ns, '0' after 80 ns, '1' after 120 ns, '0' after 160 ns, '1' after 200 ns, '0' after 240 ns, '1' after 280 ns, '0' after 320 ns;

END test;
practica03c.vhd

ENTITY mux21bitc IS


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);

END mux21bitc ;

ARCHITECTURE mux21bitc OF mux21bitc IS

BEGIN


out1<=(a AND (NOT c)) OR (b AND c);

END mux21bitc;

practica03c_sim.vhd

ENTITY mux21bitc_sim IS

END mux21bitc_sim;

ARCHITECTURE test OF mux21bitc_sim IS


COMPONENT mux21bitc


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);


END COMPONENT ;


SIGNAL a,b,c,out1 : bit;

BEGIN


u1: mux21bitc PORT MAP(a,b,c,out1);


a<='0';


b<='1';


c<='0','1' after 40 ns, '0' after 80 ns, '1' after 120 ns, '0' after 160 ns, '1' after 200 ns, '0' after 240 ns, '1' after 280 ns, '0' after 320 ns;

END test;
practica03d.vhd

ENTITY mux21bitd IS


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);

END mux21bitd ;

ARCHITECTURE mux21bitd OF mux21bitd IS

BEGIN


out1<=a WHEN c='0' ELSE



B;

END mux21bitd;

practica03d_sim.vhd

ENTITY mux21bitd_sim IS

END mux21bitd_sim;

ARCHITECTURE test OF mux21bitd_sim IS


COMPONENT mux21bitd


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);


END COMPONENT ;


SIGNAL a,b,c,out1 : bit;

BEGIN


u1: mux21bitd PORT MAP(a,b,c,out1);


a<='0';


b<='1';


c<='0','1' after 40 ns, '0' after 80 ns, '1' after 120 ns, '0' after 160 ns, '1' after 200 ns, '0' after 240 ns, '1' after 280 ns, '0' after 320 ns;

END test;

practica03e.vhd

ENTITY mux21bite IS


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);

END mux21bite ;

ARCHITECTURE mux21bite OF mux21bite IS

BEGIN


WITH c SELECT



out1<=a WHEN '0',



      b WHEN others;

END mux21bite;

practica03e_sim.vhd

ENTITY mux21bite_sim IS

END mux21bite_sim;

ARCHITECTURE test OF mux21bite_sim IS


COMPONENT mux21bite


PORT (



a  : IN bit ;



b  : IN bit ;



c  : IN bit ;



out1  : OUT bit 


);


END COMPONENT ;


SIGNAL a,b,c,out1 : bit;

BEGIN


u1: mux21bite PORT MAP(a,b,c,out1);


a<='0';


b<='1';


c<='0','1' after 40 ns, '0' after 80 ns, '1' after 120 ns, '0' after 160 ns, '1' after 200 ns, '0' after 240 ns, '1' after 280 ns, '0' after 320 ns;

END test;
Práctica 4. Implementar en VHDL un semisumador mediante ecuaciones booleanas.
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practica04.vhd

ENTITY semisum IS


PORT (



a  : IN bit ;



b  : IN bit ;



c  : OUT bit ;



s  : OUT bit  


);

END semisum ;

ARCHITECTURE semi OF semisum IS

BEGIN


s <= a XOR b;


c <= a AND b;

END semi;

practica04sim.vhd

ENTITY semisumsim IS

END semisumsim ;

ARCHITECTURE test OF semisumsim IS


COMPONENT semisum


PORT (



a  : IN bit ;



b  : IN bit ;



c  : OUT bit ;



s  : OUT bit  


);




END COMPONENT ;


SIGNAL a,b,c,s : bit;

BEGIN


u1: semisum PORT MAP(a,b,c,s);


a<='0','1' after 10 ns, '0' after 20 ns, '1' after 30 ns, '0' after 40 ns;


b<='0','1' after 20 ns, '0' after 40 ns, '1' after 60 ns;

END test;
Práctica 5. Implementar un sumador total de las siguientes maneras:

1. Haciendo uso del semisumador implementado en el ejercicio anterior

2. Modelarlo al estilo de flujo de datos, sabiendo que las ecuaciones lógicas son:

a. s = x xor y xor cin

b. cout = (x and y) or (cin and (x xor y))
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practica05a.vhd

ENTITY sum_a IS


PORT (



a1     : IN bit ;



b1     : IN bit ;



cin   : IN bit ;



cout  : OUT bit ;



s2     : OUT bit  


);

END sum_a;

ARCHITECTURE full OF sum_a IS

--utilizo el semisumador de la practica 4


COMPONENT semisum



PORT (



a  : IN bit ;



b  : IN bit ;



c  : OUT bit ;



s  : OUT bit  



);


END COMPONENT ;


SIGNAL cout2,cout1,s1 : bit;

BEGIN


u1: semisum  PORT MAP ( a1,b1,cout1,s1 );


u2: semisum  PORT MAP ( s1,cin,cout2,s2 );


cout <= cout2 OR cout1;

END full;

practica05a_sim.vhd

ENTITY t_suma IS

END t_suma;

ARCHITECTURE test OF t_suma IS


COMPONENT sum_a


PORT (



a1     : IN bit ;



b1     : IN bit ;



cin   : IN bit ;



cout  : OUT bit ;



s2     : OUT bit  


);


END COMPONENT ;


SIGNAL a1,b1,cin : bit;


SIGNAL cout,s2 : bit;

BEGIN


u1: sum_a  PORT MAP ( a1,b1,cin,cout,s2 );


a1<='0','1' after 1 ns, '0' after 2 ns, '1' after 3 ns, '0' after 4 ns, '1' after 5 ns, '0' after 6 ns, '1' after 7 ns;


b1<='0','1' after 2 ns, '0' after 4 ns,'1' after 6 ns;


cin<='0','1' after 4 ns;


END test;

practica05b.vhd

ENTITY sum_b IS


PORT (



x     : IN bit ;



y     : IN bit ;



cin   : IN bit ;



cout  : OUT bit ;



s     : OUT bit  


);

END sum_b ;

ARCHITECTURE full OF sum_b IS

BEGIN


s <= (x XOR y) XOR cin;


cout <= (x AND y) OR (cin AND (x XOR y));

END full;

practica05b_sim.vhd

--esto sirve para simular el sumador

ENTITY t_sumb IS

END t_sumb;

ARCHITECTURE test OF t_sumb IS


COMPONENT sum_b



PORT (



x     : IN bit ;



y     : IN bit ;



cin   : IN bit ;



cout  : OUT bit ;



s     : OUT bit  


);


END COMPONENT ;


SIGNAL x,y,cin : bit;


SIGNAL cout,s : bit;

BEGIN


u1: sum_b  PORT MAP ( x,y,cin,cout,s );


x<='0','1' after 1 ns, '0' after 2 ns, '1' after 3 ns, '0' after 4 ns, '1' after 5 ns, '0' after 6 ns, '1' after 7 ns;


y<='0','1' after 2 ns, '0' after 4 ns,'1' after 6 ns;


cin<='0','1' after 4 ns;

END test;

Práctica 6. Mediante un proceso implementar un multiplexor 4 a 1.
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practica06.vhd

ENTITY mux4a1 IS


PORT (



a     
: IN bit ;



b     
: IN bit ;



c   
: IN bit ;



d   
: IN bit ;


                 s
: IN bit_vector( 1 DOWNTO 0 );



y  
: OUT bit 


);

END mux4a1;

ARCHITECTURE mux OF mux4a1 IS

BEGIN


selec:PROCESS (a,b,c,d,s)


BEGIN


IF (s="00") THEN



y<=a;


ELSIF (s="01") THEN



y<=b;


ELSIF (s="10") THEN


y<=c;


ELSE 


y<=d;


END IF ;


END PROCESS selec;

END mux;

practica06_sim.vhd

ENTITY mux4a1_sim IS

END mux4a1_sim;

ARCHITECTURE test OF mux4a1_sim IS


COMPONENT mux4a1


PORT (



a     
: IN bit ;



b     
: IN bit ;



c   
: IN bit ;



d   
: IN bit ;


                 s 
: IN bit_vector( 1 DOWNTO 0 );



y  
: OUT bit 


);


END COMPONENT ;


SIGNAL a,b,c,d,y : bit;


SIGNAL s : bit_vector( 1 DOWNTO 0 );

BEGIN


u1: mux4a1  PORT MAP ( a,b,c,d,s,y );


a<='1';


b<='0';


c<='1';


d<='1';


s<="00","01" after 1 ns, "10" after 2 ns, "11" after 3 ns;

END test;

Práctica 7. Implementar un multiplexor 2 a 1 de 8 bits

1. Usando la construcción concurrente WHEN .. ELSE

2. Usando ecuaciones booleanas

3. Usando un proceso
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Nota: usar los tipos definidos IEEE.std_logic_1164 a partir de este ejercicio.

practica07a.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY mux21a IS


PORT (



x     : IN std_logic_vector (7 DOWNTO 0);



y     : IN std_logic_vector (7 DOWNTO 0);



c     : IN std_logic;



s    : OUT std_logic_vector (7 DOWNTO 0) 


);

END mux21a;

ARCHITECTURE mux21a OF mux21a IS

BEGIN


s<=x WHEN c='0' ELSE

      y;

END mux21a;

practica07a_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY mux21a_sim IS

END mux21a_sim;

ARCHITECTURE test OF mux21a_sim IS


SIGNAL x,y,s : std_logic_vector (7 DOWNTO 0);


SIGNAL c : std_logic;

        COMPONENT mux21a


PORT (



x     
: IN std_logic_vector (7 DOWNTO 0);



y     
: IN std_logic_vector (7 DOWNTO 0);



c   
: IN std_logic;



s  
: OUT std_logic_vector (7 DOWNTO 0)

);



        END COMPONENT ;

BEGIN

        u1: mux21a  PORT MAP ( x,y,c,s );


x<="01001001";


y<="11101100";


c<='0','1' after 10 ns;

END test;
practica07b.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY mux21b IS


PORT (



x     : IN std_logic_vector (7 DOWNTO 0);



y     : IN std_logic_vector (7 DOWNTO 0);



c     : IN std_logic;



s    : OUT std_logic_vector (7 DOWNTO 0) 


);

END mux21b;

ARCHITECTURE mux21b OF mux21b IS

SIGNAL temp: std_logic_vector (7 DOWNTO 0);

BEGIN


        temp<=(c,c,c,c,c,c,c,c);

        s<=(x AND NOT(temp)) OR (y AND temp);

END mux21b;

practica07b_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY mux21b_sim IS

END mux21b_sim;

ARCHITECTURE test OF mux21b_sim IS


SIGNAL x,y,s : std_logic_vector (7 DOWNTO 0);


SIGNAL c : std_logic;


COMPONENT mux21b


PORT (



x     
: IN std_logic_vector (7 DOWNTO 0);



y     
: IN std_logic_vector (7 DOWNTO 0);



c   
: IN std_logic;



s  
: OUT std_logic_vector (7 DOWNTO 0));




END COMPONENT ;

BEGIN

        u1: mux21b  PORT MAP ( x,y,c,s );


x<="01001001";


y<="11101100";


c<='0','1' after 10 ns;

END test;

practica07c.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY mux21c IS


PORT (



x  : IN std_logic_vector (7 DOWNTO 0);



y  : IN std_logic_vector (7 DOWNTO 0);



c   : IN std_logic;



s    : OUT std_logic_vector (7 DOWNTO 0) 


);

END mux21c;

ARCHITECTURE mux21c OF mux21c IS

SIGNAL temp: std_logic_vector (7 DOWNTO 0);

BEGIN


temp<=(c,c,c,c,c,c,c,c);

        PROCESS (x,y,temp)


BEGIN

                s<=(x AND NOT (temp)) OR (y AND temp);

        END PROCESS;

END mux21c;

practica07c_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY mux21c_sim IS

END mux21c_sim;

ARCHITECTURE test OF mux21c_sim IS


SIGNAL x,y,s : std_logic_vector (7 DOWNTO 0);


SIGNAL c : std_logic;

        COMPONENT mux21c


PORT (



x  : IN std_logic_vector (7 DOWNTO 0);



y  : IN std_logic_vector (7 DOWNTO 0);



c   : IN std_logic;



s   : OUT std_logic_vector (7 DOWNTO 0));




END COMPONENT ;

BEGIN

        u1: mux21c  PORT MAP ( x,y,c,s );


x<="01001001";


y<="11101100";


c<='0','1' after 10 ns;

END test;
Práctica 8. Implementar un multiplexor 3 a 1 de 4 bits usando WHEN .. ELSE. Usar salida a alta impedancia para la cuarta selección.
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practica08.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY mux31z IS


PORT (



a   : IN std_logic_vector (3 DOWNTO 0);



b  : IN std_logic_vector (3 DOWNTO 0);



c   : IN std_logic_vector (3 DOWNTO 0);



s   : IN std_logic_vector (1 DOWNTO 0);



y   :OUT std_logic_vector (3 DOWNTO 0)


);

END mux31z;

ARCHITECTURE mux31z OF mux31z IS

BEGIN



y<=a WHEN s="00" ELSE

    
   b WHEN s="01" ELSE

    
   c WHEN s="10" ELSE

    
   "ZZZZ";

END mux31z;

practica08_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY mux31z_t IS

END mux31z_t;

ARCHITECTURE test OF mux31z_t IS


SIGNAL a,b,c,y : std_logic_vector (3 DOWNTO 0);


SIGNAL s : std_logic_vector (1 DOWNTO 0);

        COMPONENT mux31z


PORT (



a     
: IN std_logic_vector (3 DOWNTO 0);



b     
: IN std_logic_vector (3 DOWNTO 0);



c     
: IN std_logic_vector (3 DOWNTO 0);



s   
: IN std_logic_vector (1 DOWNTO 0);



y
:OUT std_logic_vector (3 DOWNTO 0)


);


END COMPONENT;

BEGIN

        u1: mux31z  PORT MAP ( a,b,c,s,y );


a<="0100";


b<="0110";


c<="1110";


s<="00","01" after 10 ns,"10" after 20 ns, "11" after 30 ns;

END test;

Práctica 9. Diseñar en VHDL un comparador de 2 bits con tres salidas (mayor, menor, igual) usando para ello
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1. Un bloque IF dentro de un proceso

2. Lógica booleana

3. Sentencias WHEN con comparadores

practica09a.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  comp2bita IS


PORT (



a     
: IN std_logic;



b     
: IN std_logic;



mayor
: OUT std_logic;



menor
: OUT std_logic;



igual
: OUT std_logic


);

END comp2bita;

ARCHITECTURE comp2bita OF comp2bita IS

BEGIN


PROCESS (a,b)


BEGIN


IF (a > b) THEN



mayor<='1';



igual<='0';



menor<='0';


ELSIF (a = b) THEN



mayor<='0';



igual<='1';



menor<='0';


ELSE 



mayor<='0';



igual<='0';



menor<='1';


END IF ;


END PROCESS;

END comp2bita;

practica09a_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY comp2bita_t IS

END comp2bita_t;

ARCHITECTURE test OF comp2bita_t IS


COMPONENT comp2bita


PORT (



a     
: IN std_logic;



b     
: IN std_logic;



mayor
: OUT std_logic;



menor
: OUT std_logic;



igual
: OUT std_logic


);


END COMPONENT ;


SIGNAL a : std_logic;


SIGNAL b : std_logic;


SIGNAL mayor : std_logic;


SIGNAL menor : std_logic;


SIGNAL igual : std_logic; 

BEGIN


u1: comp2bita  PORT MAP ( a,b,mayor,menor,igual );


a<='0','1' after 10 ns, '0' after 20 ns;


b<='0','1' after 5 ns,'0' after 15 ns; 

END test;

practica09b.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  comp2bitb IS


PORT (



a     
: IN std_logic;



b     
: IN std_logic;



mayor
: OUT std_logic;



menor
: OUT std_logic;



igual
: OUT std_logic


);

END comp2bitb;

ARCHITECTURE comp2bitb OF comp2bitb IS

BEGIN


mayor<=a AND (NOT b);


igual<=(a AND b) OR ((NOT a) AND (NOT b));


menor<=b AND (NOT a);

END comp2bitb;

practica09b_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY comp2bitb_t IS

END comp2bitb_t;

ARCHITECTURE test OF comp2bitb_t IS


COMPONENT comp2bitb


PORT (



a     
: IN std_logic;



b     
: IN std_logic;



mayor
: OUT std_logic;



menor
: OUT std_logic;



igual
: OUT std_logic


);


END COMPONENT ;


SIGNAL a : std_logic;


SIGNAL b : std_logic;


SIGNAL mayor : std_logic;


SIGNAL menor : std_logic;


SIGNAL igual : std_logic; 

BEGIN


u1: comp2bitb  PORT MAP ( a,b,mayor,menor,igual );


a<='0','1' after 10 ns, '0' after 20 ns;


b<='0','1' after 5 ns,'0' after 15 ns; 

END test

practica09c.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  comp2bitc IS


PORT (



a     
: IN std_logic;



b     
: IN std_logic;



mayor
: OUT std_logic;



menor
: OUT std_logic;



igual
: OUT std_logic


);

END comp2bitc;

ARCHITECTURE comp2bitc OF comp2bitc IS

BEGIN


mayor<='1' WHEN a>b ELSE '0';


igual<='1' WHEN a=b ELSE '0';


menor<='1' WHEN a<b ELSE '0';

END comp2bitc;

practica09c_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY comp2bitc_t IS

END comp2bitc_t;

ARCHITECTURE test OF comp2bitc_t IS


COMPONENT comp2bitc


PORT (



a     
: IN std_logic;



b     
: IN std_logic;



mayor
: OUT std_logic;



menor
: OUT std_logic;



igual
: OUT std_logic


);


END COMPONENT ;


SIGNAL a : std_logic;


SIGNAL b : std_logic;


SIGNAL mayor : std_logic;


SIGNAL menor : std_logic;


SIGNAL igual : std_logic; 

BEGIN


u1: comp2bitc  PORT MAP ( a,b,mayor,menor,igual );


a<='0','1' after 10 ns, '0' after 20 ns;


b<='0','1' after 5 ns,'0' after 15 ns; 

END test;

Práctica 10. Diseñar en VHDL un comparador de dos palabras de 8 bits usando un bloque IF .. ELSE dentro de un proceso.
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practica10.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  comp IS


PORT (



A     : IN std_logic_vector (7 DOWNTO 0);



B     : IN std_logic_vector (7 DOWNTO 0);



mayor
: OUT std_logic;



menor
: OUT std_logic;



igual
: OUT std_logic


);

END comp;

ARCHITECTURE com OF comp IS

BEGIN


selec:PROCESS (A,B)


BEGIN


IF (A > B) THEN



mayor<='1';



igual<='0';



menor<='0';


ELSIF (A = B) THEN



mayor<='0';



igual<='1';



menor<='0';


ELSE 



mayor<='0';



igual<='0';



menor<='1';


END IF ;


END PROCESS selec;

END com;

practica10_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY comp_sim IS

END comp_sim;

ARCHITECTURE test OF comp_sim IS


COMPONENT comp


PORT (



A     
: IN std_logic_vector (7 DOWNTO 0);



B     
: IN std_logic_vector (7 DOWNTO 0);



mayor
: OUT std_logic;



menor
: OUT std_logic;



igual
: OUT std_logic


);


END COMPONENT ;


SIGNAL A : std_logic_vector (7 DOWNTO 0);


SIGNAL B : std_logic_vector (7 DOWNTO 0);


SIGNAL mayor : std_logic;


SIGNAL menor : std_logic;


SIGNAL igual : std_logic; 

BEGIN


u1: comp  PORT MAP ( A,B,mayor,menor,igual );


A<="00000000","00100000" after 10 ns,"01010001" after 20 ns;


B<="00011000","00100000" after 10 ns,"00011011" after 20 ns; 

END test;
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Práctica 11. Diseñar un codificador de prioridad usando para ello:

1. Un bloque IF dentro de un proceso

2. Varios bloques IF dentro de un proceso

practica11a.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  encoder_a IS


PORT (

                 y      : IN std_logic_vector (0 TO 7);


x     : OUT std_logic_vector (2 DOWNTO 0) 


);

END encoder_a;

ARCHITECTURE encoder_a OF encoder_a IS

BEGIN


PROCESS (y)


BEGIN

        IF y(0)='1' THEN



x<="000";

        ELSIF y(1)='1' THEN



x<="001";

        ELSIF y(2)='1' THEN



x<="010";

        ELSIF y(3)='1' THEN



x<="011";

        ELSIF y(4)='1' THEN



x<="100";

        ELSIF y(5)='1' THEN



x<="101";

        ELSIF y(6)='1' THEN



x<="110";

        ELSIF y(7)='1' THEN



x<="111";


END IF ;


END PROCESS;

END encoder_a;

practica11a_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY coda_sim IS

END coda_sim;

ARCHITECTURE test OF coda_sim IS

        SIGNAL y : std_logic_vector (0 TO 7);

        SIGNAL x : std_logic_vector (2 DOWNTO 0); 



        COMPONENT encoder_a


PORT (

                

y       : IN std_logic_vector (0 TO 7);

                

x       : OUT std_logic_vector (2 DOWNTO 0) 


);


END COMPONENT ;

BEGIN

        u1: encoder_a PORT MAP ( y,x ); 

        y<="00000001","00000010" after 10 ns,"00000100" after 20 ns,"00001000" after 30 ns,"00010000" after 40 ns,"00100000" after 50 ns,"01000000" after 60 ns,"10000000" after 70 ns; 

END test;

practica11b.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  encoder_b IS


PORT (

                 y       : IN std_logic_vector (0 TO 7);


x      : OUT std_logic_vector (2 DOWNTO 0) 


);

END encoder_b;

ARCHITECTURE encoder_b OF encoder_b IS

BEGIN


PROCESS (y)


BEGIN

        IF y(7)='1' THEN



x<="111";


END IF ;

        IF y(6)='1' THEN



x<="110";


END IF ;

        IF y(5)='1' THEN



x<="101";


END IF ;

        IF y(4)='1' THEN



x<="100";


END IF ;

        IF y(3)='1' THEN



x<="011";


END IF ;

        IF y(2)='1' THEN



x<="010";


END IF ;

        IF y(1)='1' THEN



x<="001";


END IF ;

        IF y(0)='1' THEN



x<="000";


END IF ;


END PROCESS;



END encoder_b;

practica11b_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY codb_sim IS


END codb_sim;

ARCHITECTURE test OF codb_sim IS

        SIGNAL y : std_logic_vector (0 TO 7);


SIGNAL x : std_logic_vector (2 DOWNTO 0); 



        COMPONENT encoder_b


PORT (

                 y     : IN std_logic_vector (0 TO 7);


x    : OUT std_logic_vector (2 DOWNTO 0) 


);


END COMPONENT ;

BEGIN

        u1: encoder_b PORT MAP ( y,x ); 


y<="00000001","00000010" after 10 ns,"00000100" after 20 ns,"00001000" after 30 ns,"00010000" after 40 ns,"00100000" after 50 ns,"01000000" after 60 ns,"10000000" after 70 ns;


END test;

Práctica 12. Diseñar un decodificador 3 a 8 con entrada de habilitación

1. Mediante un proceso

2. Con asignación concurrente
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practica12a.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  dec38a IS


PORT (



x  : IN std_logic_vector (2 DOWNTO 0);



enable
: IN std_logic;



y : OUT std_logic_vector (7 DOWNTO 0) 


);

END dec38a;

ARCHITECTURE dec38a OF dec38a IS

BEGIN


PROCESS (x,enable)


BEGIN

                IF enable='1' then




CASE x IS

                                WHEN "000" =>

                                y<="00000001";

                                WHEN "001" =>

                                y<="00000010";

                                WHEN "010" =>

                                y<="00000100";

                                WHEN "011" =>

                                y<="00001000";

                                WHEN "100" =>

                                y<="00010000";

                                WHEN "101" =>

                                y<="00100000";

                                WHEN "110" =>

                                y<="01000000";

                                WHEN "111" =>

                                y<="10000000";

    
 
WHEN others =>



NULL;




END CASE;



ELSE

                        y<="11111111";



END IF;


END PROCESS;

END dec38a;

practica12a_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY deca_sim IS


END deca_sim;

ARCHITECTURE test OF deca_sim IS


SIGNAL x : std_logic_vector (2 DOWNTO 0);


SIGNAL enable : std_logic;


SIGNAL y : std_logic_vector (7 DOWNTO 0); 



        COMPONENT dec38a


PORT (



x     
: IN std_logic_vector (2 DOWNTO 0);

                                  enable        : IN std_logic;



y  
: OUT std_logic_vector (7 DOWNTO 0) 


);


END COMPONENT ;

BEGIN

        u1: dec38a  PORT MAP ( x,enable,y ); 


x<="000","001" after 10 ns,"010" after 20 ns,"011" after 30 ns,"100" after 40 ns,"101" after 50 ns,"110" after 60 ns,"111" after 70 ns;

        enable<='1','0' after 30 ns,'1' after 50 ns; 

END test;

practica12b.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  dec38b IS


PORT (



x     
: IN std_logic_vector (2 DOWNTO 0);



enable
: IN std_logic;



y  
: OUT std_logic_vector (7 DOWNTO 0) 


);

END dec38b;

ARCHITECTURE dec38b OF dec38b IS

BEGIN


y<="00000001" WHEN (x="000" AND enable='1') ELSE


   "00000010" WHEN (x="001" AND enable ='1') ELSE


   "00000100" WHEN (x="010" AND enable ='1') ELSE


   "00001000" WHEN (x="011" AND enable ='1') ELSE


   "00010000" WHEN (x="100" AND enable ='1') ELSE


   "00100000" WHEN (x="101" AND enable ='1') ELSE


   "01000000" WHEN (x="110" AND enable ='1') ELSE


   "10000000" WHEN (x="111" AND enable ='1') ELSE


   "11111111";

END dec38b;

practica12b_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY decb_sim IS

END decb_sim;

ARCHITECTURE test OF decb_sim IS


SIGNAL x : std_logic_vector (2 DOWNTO 0);

                 SIGNAL enable : std_logic;


SIGNAL y : std_logic_vector (7 DOWNTO 0); 



        COMPONENT dec38b


PORT (



x            : IN std_logic_vector (2 DOWNTO 0);

                                   enable    : IN std_logic;



y            : OUT std_logic_vector (7 DOWNTO 0) 


);


END COMPONENT ;

BEGIN

        u1: dec38b  PORT MAP ( x,enable,y ); 


x<="000","001" after 10 ns,"010" after 20 ns,"011" after 30 ns,"100" after 40 ns,"101" after 50 ns,"110" after 60 ns,"111" after 70 ns;

        enable<='1','0' after 30 ns,'1' after 50 ns; 

END test;

Práctica 13. Diseñar un decodificador de direcciones de memoria
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practica13.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  decdir IS


PORT (



a  : IN std_logic_vector (15 DOWNTO 0);



rom1,rom2,io,dram
: OUT std_logic 


);

END decdir;

ARCHITECTURE decdir OF decdir IS

SIGNAL dir_efect: std_logic_vector (5 DOWNTO 0);

BEGIN


PROCESS (dir_efect,a)


BEGIN



dir_efect<=(a(15),a(14),a(13),a(12),a(11),a(10));

                IF dir_efect<"111000" THEN -- <E000




rom1<='1';




rom2<='1';




io<='1';




dram<='0';


ELSIF dir_efect<"111010" AND dir_efect>="111000" THEN  -- <E800 Y >=E000




rom1<='1';




rom2<='1';




io<='0';




dram<='1';


ELSIF dir_efect<"111110" AND dir_efect>="111100" THEN -- <F800 Y >=F000




rom1<='1';




rom2<='0';




io<='1';




dram<='1';


ELSIF dir_efect<="111111" AND dir_efect>="111110" THEN -- <=FFFF Y >=F800




rom1<='0';




rom2<='1';




io<='1';




dram<='1';



ELSE




rom1<='1';




rom2<='1';




io<='1';




dram<='1';



END IF;


END PROCESS;

END decdir;

practica13_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY decdir_t IS


END decdir_t;

ARCHITECTURE test OF decdir_t IS


SIGNAL a : std_logic_vector (15 DOWNTO 0);


SIGNAL rom1,rom2,io,dram : std_logic; 



        COMPONENT decdir


PORT (



a     : IN std_logic_vector (15 DOWNTO 0);



rom1,rom2,io,dram
: OUT std_logic 


);


END COMPONENT ;

BEGIN

        u1: decdir  PORT MAP ( a,rom1,rom2,io,dram ); 


a<="0001000000000000","1110010000000000" after 10 ns,"1110111000000000" after 20 ns, "1111010000000000" after 30 ns, "1111111100000000" after 40 ns, "1111111111111111" after 50 ns;

--
a<="X1000","XE400" after 10 ns,"XEE00" after 20 ns,"XF400" after 30 ns,"XFF00" after 40 ns,"XFFFF" after 50 ns;

END test;

Práctica 14. Diseñar un decodificador BCD de 7 segmentos.
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practica14.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY  bcd7 IS


PORT (



entrada : IN std_logic_vector (3 DOWNTO 0);



enable  : IN std_logic;



a,b,c,d,e,f,g : OUT std_logic  


);

END bcd7;

ARCHITECTURE bcd7 OF bcd7 IS

SIGNAL salida: std_logic_vector (6 DOWNTO 0);

BEGIN


salida
<="0000001" WHEN (entrada="0000" AND enable='1') ELSE

"1001111" WHEN (entrada="0001" AND enable ='1') ELSE

"0010010" WHEN (entrada="0010" AND enable ='1') ELSE

"0000110" WHEN (entrada="0011" AND enable ='1') ELSE

"1001100" WHEN (entrada="0100" AND enable ='1') ELSE

"0100100" WHEN (entrada="0101" AND enable ='1') ELSE

"0100000" WHEN (entrada="0110" AND enable ='1') ELSE

"0001111" WHEN (entrada="0111" AND enable ='1') ELSE

"0000000" WHEN (entrada="1000" AND enable ='1') ELSE

"0000010" WHEN (entrada="1001" AND enable ='1') ELSE

"1111111" ;


a<=salida(6);


b<=salida(5);


c<=salida(4);


d<=salida(3);


e<=salida(2);


f<=salida(1);


g<=salida(0);

END bcd7;

practica14_sim.vhd

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY bcd7_t IS

END bcd7_t;

ARCHITECTURE test OF bcd7_t IS

        SIGNAL entrada : std_logic_vector (3 DOWNTO 0);

        SIGNAL enable,a,b,c,d,e,f,g : std_logic;

        COMPONENT bcd7


PORT (



entrada:    IN std_logic_vector (3 DOWNTO 0);



enable
      : IN std_logic;



a,b,c,d,e,f,g     : OUT std_logic  


);


END COMPONENT ;

BEGIN

        u1: bcd7  PORT MAP ( entrada,enable,a,b,c,d,e,f,g ); 


entrada<="0000","0001" after 10 ns,"0010" after 20 ns,"0011" after 30 ns,"0100" after 40 ns,"0101" after 50 ns,"0110" after 60 ns,"0111" after 70 ns;

        enable<='1','0' after 30 ns,'1' after 50 ns; 

END test;

Práctica 15. Diseñar en VHDL un dispositivo de una entrada X y una salida Z. La salida deberá ser ‘1’ cuando se hayan recibido consecutivamente un número par de unos. En caso contrario deberá ser un ‘0’ lógico.

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp3 IS


PORT (



CLOCK: in std_logic;



X: in std_logic;



Z: out std_logic


);

END smexamp3;

ARCHITECTURE smexamp_arch3 OF smexamp3 IS


SUBTYPE Sreg_type IS std_logic_vector (1 TO 2);


CONSTANT S0  : Sreg_type := "00";


CONSTANT S1  : Sreg_type := "01";


CONSTANT S2  : Sreg_type := "10";


SIGNAL Sreg : Sreg_type := S0;

BEGIN



PROCESS ( CLOCK )




BEGIN



IF CLOCK'event and CLOCK='1' THEN




CASE Sreg IS




    WHEN S0 =>




        IF X='0' THEN




        
Sreg <= S0;


        





        ELSIF X='1' THEN




        
Sreg <= S1


        

      


        END IF ;




    WHEN S1 =>




        IF X='0' THEN




        
Sreg <= S0;


        





        ELSIF X='1' THEN




        
Sreg <= S2;

        


         


        END IF ;




    WHEN S2 =>




        IF X='0' THEN




        
Sreg <= S0;


        





        ELSIF X='1' THEN

Sreg <= S1;



   

       END IF ;

        


        
    
     WHEN OTHERS =>




            Sreg <= S0;


            




END CASE ;










END IF ;




END PROCESS;


WITH Sreg SELECT --valores de salida basados en estado



Z <= 
'0' WHEN S0 | S1,




'1' WHEN S2,




'0' WHEN OTHERS;

END smexamp_arch3;
LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp_tb3 IS

END smexamp_tb3;

ARCHITECTURE smexamp_arch_tb3 OF smexamp_tb3 IS


COMPONENT smexamp3


PORT (



CLOCK: in std_logic;



X: in std_logic;



Z: out std_logic


);



END COMPONENT ;


SIGNAL X,Z: std_logic;


SIGNAL CLOCK: std_logic :='1';

BEGIN


u1: smexamp3 PORT MAP (CLOCK,X,Z);


CLOCK <= not CLOCK after 50 ns;


X <= '0','1' after 205 ns, '0' after 495 ns, '1' after 605 ns, '0' after 795 ns, '1' after 895 ns, '0' after 1095 ns;

END smexamp_arch_tb3;
Práctica 16. Diseñar en VHDL un sistema con una entrada X y una salida Z que presente el siguiente comportamiento:

· Inicialmente su salida deberá ser un ‘1’ lógico

· Si recibe un ‘1’, la salida deberá seguir siendo ‘1’. Si por el contrario recibe un ‘0’, la salida pasará automáticamente a ser ‘0’

· Solamente su salida volverá a ser 1 cuando reciba dos unos seguidos

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp4 IS


PORT (



CLOCK: in std_logic;



X: in std_logic;



Z: out std_logic


);

END smexamp4;

ARCHITECTURE smexamp_arch4 OF smexamp4 IS


SUBTYPE Sreg_type IS std_logic_vector (1 TO 2);


CONSTANT S0  : Sreg_type := "00";


CONSTANT S1  : Sreg_type := "01";


CONSTANT S2  : Sreg_type := "10";


SIGNAL Sreg : Sreg_type := S0;

BEGIN



PROCESS ( CLOCK )




BEGIN



IF CLOCK'event and CLOCK='1' THEN




CASE Sreg IS




    WHEN S0 =>




        IF X='0' THEN




        
Sreg <= S1;


        





        ELSIF X='1' THEN




        
Sreg <= S0;
        



  




        END IF ;




    WHEN S1 =>




        IF X='0' THEN




        
Sreg <= S1;


        





        ELSIF X='1' THEN




        
Sreg <= S2;

        



    

       

        END IF ;




    WHEN S2 =>




        IF X='0' THEN




        
Sreg <= S1;


        





        ELSIF X='1' THEN




        
Sreg <= S0;


        



      


        END IF ;


        




    WHEN OTHERS =>




            Sreg <= S0;


            




END CASE ;










END IF ;




END PROCESS;


WITH Sreg SELECT --valores de salida basados en estado



Z <= 
'1' WHEN S0,




'0' WHEN S1 | S2,




'0' WHEN OTHERS;

END smexamp_arch4;

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp_tb4 IS

END smexamp_tb4;

ARCHITECTURE smexamp_arch_tb4 OF smexamp_tb4 IS


COMPONENT smexamp4


PORT (



CLOCK: in std_logic;



X: in std_logic;



Z: out std_logic


);



END COMPONENT ;


SIGNAL X,Z: std_logic;


SIGNAL CLOCK: std_logic :='1';

BEGIN


u1: smexamp4 PORT MAP (CLOCK,X,Z);


CLOCK <= not CLOCK after 50 ns;


X <= '0','1' after 205 ns, '0' after 495 ns, '1' after 605 ns, '0' after 795 ns, '1' after 895 ns, '0' after 1095 ns;

END smexamp_arch_tb4;
Práctica 17. Diseñar una máquina de estados síncrona temporizada con dos entradas, A y B, y una sola salida Z que es ‘1’ si:

· A tiene el mismo valor en cada uno de los dos anteriores tics de reloj, o

· B ha sido ‘1’ desde la última vez que la primero condición fue verdadera

De otro modo, la salida debería ser ‘0’. Diseñarlo dejando que el lenguaje codifique según sus algoritmos los estados de la máquina.
LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp IS


PORT (



B: in std_logic;



CLOCK: in std_logic;



A: in std_logic;



Z: out std_logic


);

END smexamp;

ARCHITECTURE smexamp_arch OF smexamp IS


TYPE Sreg_type IS (INIT,A0,A1,OK0,OK1) ;


SIGNAL Sreg : Sreg_type;

BEGIN


PROCESS ( CLOCK )



BEGIN


IF CLOCK'event and CLOCK='1' THEN



CASE Sreg IS



    WHEN INIT =>



        IF A='0' THEN



        
Sreg <= A0;

        




        ELSIF A='1' THEN



        
Sreg <= A1;


        



      


        END IF ;



    WHEN A0 =>



        IF A='0' THEN



        
Sreg <= OK0;


        




        ELSIF A='1' THEN



        
Sreg <= A1;


        



      


        END IF ;



    WHEN A1 =>



        IF A='0' THEN



        
Sreg <= A0;


        




        ELSIF A='1' THEN



        
Sreg <= OK1;


        



      


        END IF ;


        




        


        

    WHEN OK0 =>



    
IF A='0' THEN



    

Sreg <= OK0;


    





    
ELSIF A='1' and B='0' THEN



    

Sreg <= A1;


    





    
ELSIF A='1' and B='1' THEN



    

Sreg <= OK1;


    




 
    
END IF ;



    WHEN OK1 =>



    
IF A='1' THEN



    

Sreg <= OK1;


    





    
ELSIF A='0' and B='1' THEN



    

Sreg <= OK0;


    





    
ELSIF A='0' and B='0' THEN



    

Sreg <= A0;


    




    



    




    
END IF ;


    




    WHEN OTHERS =>



            Sreg <= INIT;


            



END CASE ;









END IF ;




END PROCESS;


WITH Sreg SELECT --valores de salida basados en estado



Z <= 
'0' WHEN INIT | A0 | A1,




'1' WHEN OK0 | OK1,




'0' WHEN OTHERS;

END smexamp_arch;

--test bench

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp_tb IS

END smexamp_tb;

ARCHITECTURE smexamp_arch_tb OF smexamp_tb IS


COMPONENT smexamp


PORT (



B: in std_logic;



CLOCK: in std_logic;



A: in std_logic;



Z: out std_logic


);



END COMPONENT ;


SIGNAL B,A,Z: std_logic;


SIGNAL CLOCK: std_logic :='1';

BEGIN


u1: smexamp PORT MAP (B,CLOCK,A,Z);


CLOCK <= not CLOCK after 50 ns;


A <= '0','1' after 205 ns, '0' after 495 ns, '1' after 605 ns, '0' after 795 ns, '1' after 895 ns, '0' after 1095 ns;


B <= '0','1' after 605 ns, '0' after 895 ns, '1' after 995 ns, '0' after 1095 ns;

END smexamp_arch_tb;
Práctica 18. Repetir el ejercicio anterior imponiendo nosotros la codificación de cada uno de los estados de la máquina.
LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp2 IS


PORT (



B: in std_logic;



CLOCK: in std_logic;



A: in std_logic;



Z: out std_logic


);

END smexamp2;

ARCHITECTURE smexamp_arch2 OF smexamp2 IS


SUBTYPE Sreg_type IS std_logic_vector (1 TO 3);


CONSTANT INIT: Sreg_type := "000";


CONSTANT A0  : Sreg_type := "001";


CONSTANT A1  : Sreg_type := "010";


CONSTANT OK0 : Sreg_type := "011";


CONSTANT OK1 : Sreg_type := "100";


SIGNAL Sreg : Sreg_type := INIT;

BEGIN


PROCESS ( CLOCK )



BEGIN


IF CLOCK'event and CLOCK='1' THEN



CASE Sreg IS



    WHEN INIT =>



        IF A='0' THEN



        
Sreg <= A0;


        




        ELSIF A='1' THEN



        
Sreg <= A1;


        



    


        END IF ;



    WHEN A0 =>



        IF A='0' THEN



        
Sreg <= OK0;


        




        ELSIF A='1' THEN



        
Sreg <= A1;


        



      


        END IF ;



    WHEN A1 =>



        IF A='0' THEN



        
Sreg <= A0;


        




        ELSIF A='1' THEN



        
Sreg <= OK1;


        



      


        END IF ;


        




        


      

    WHEN OK0 =>



    
IF A='0' THEN



    

Sreg <= OK0;


    





    
ELSIF A='1' and B='0' THEN



    

Sreg <= A1;


    





    
ELSIF A='1' and B='1' THEN



    

Sreg <= OK1;


    





    
END IF ;



    WHEN OK1 =>



    
IF A='1' THEN



    

Sreg <= OK1;


    





    
ELSIF A='0' and B='1' THEN



    

Sreg <= OK0;


    





    
ELSIF A='0' and B='0' THEN



    

Sreg <= A0;


    





    
END IF ;


    




    




    WHEN OTHERS =>



            Sreg <= INIT;


            



END CASE ;









END IF ;




END PROCESS;

WITH Sreg SELECT --valores de salida basados en estado


Z <= 
'0' WHEN INIT | A0 | A1,



'1' WHEN OK0 | OK1,



'0' WHEN OTHERS;

END smexamp_arch2;

--test bench

LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp_tb2 IS

END smexamp_tb2;

ARCHITECTURE smexamp_arch_tb2 OF smexamp_tb2 IS


COMPONENT smexamp2


PORT (



B: in std_logic;



CLOCK: in std_logic;



A: in std_logic;



Z: out std_logic


);



END COMPONENT ;


SIGNAL B,A,Z: std_logic;


SIGNAL CLOCK: std_logic :='1';

BEGIN


u1: smexamp2 PORT MAP (B,CLOCK,A,Z);


CLOCK <= not CLOCK after 50 ns;


A <= '0','1' after 205 ns, '0' after 495 ns, '1' after 605 ns, '0' after 795 ns, '1' after 895 ns, '0' after 1095 ns;


B <= '0','1' after 605 ns, '0' after 895 ns, '1' after 995 ns, '0' after 1095 ns;

END smexamp_arch_tb2;

Práctica 19. Diseñar un comparador serie de dos números binarios de 4 bits. Dicho comparador dispone de dos entradas por las que se aplican los dos números a comparar (A, B) y tres salidas para indicar A>B, A=B y A<B. La comparación se realiza empezando por los bits menos significativos y terminando con los bits más significativos (orden en el que se reciben simultáneamente los dos números binarios).

Antes de empezar la comparación, la máquina deberá estar en un estado inicial en el que se considera que ambos números son iguales; a partir de ahí, el valor de las entradas determinará la evolución del comparador cuyas salidas deberán indicar constantemente el resultado de la comparación de los números introducidos hasta ese momento.

Cuando se han recibido los 4 bits, el comparador se bloqueará manteniendo el resultado de la comparación hasta que se active la entrada RESET que situará la máquina en el estado inicial dispuesta a realizar una nueva comparación.
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LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp5 IS


PORT (



CLOCK: in std_logic;



X: in std_logic;



RESET: in std_logic;



Z: out std_logic


);

END smexamp5;

ARCHITECTURE smexamp_arch5 OF smexamp5 IS


SUBTYPE Sreg_type IS std_logic_vector (1 TO 4);


CONSTANT INIT  : Sreg_type := "0000";


CONSTANT PAR1  : Sreg_type := "0001";


CONSTANT IMPAR1: Sreg_type := "0010";


CONSTANT PAR2  : Sreg_type := "0011";


CONSTANT IMPAR2: Sreg_type := "0100";


CONSTANT PAR3  : Sreg_type := "0101";


CONSTANT IMPAR3: Sreg_type := "0110";


CONSTANT PAR4  : Sreg_type := "0111";


CONSTANT IMPAR4: Sreg_type := "1000";


SIGNAL Sreg : Sreg_type := INIT;

BEGIN


PROCESS ( CLOCK )



BEGIN

IF RESET='1' THEN


Sreg <= INIT;

ELSE   


IF CLOCK'event and CLOCK='1' THEN



CASE Sreg IS



    WHEN INIT =>



        IF X='0' THEN



        
Sreg <= PAR1;


        ELSIF X='1' THEN



        
Sreg <= IMPAR1;


        END IF ;


    
    WHEN PAR1 =>



        IF X='0' THEN


   
        
                  Sreg <= PAR2;


        ELSIF X='1' THEN



        
Sreg <= IMPAR2;


        END IF ;



    WHEN IMPAR1 =>



        IF X='0' THEN



        
Sreg <= IMPAR2;


        ELSIF X='1' THEN



        
Sreg <= PAR2;


        END IF ;


        



    WHEN PAR2 =>



        IF X='0' THEN



        
Sreg <= PAR3;


        ELSIF X='1' THEN



        
Sreg <= IMPAR3;


        END IF ;



    WHEN IMPAR2 =>



        IF X='0' THEN



        
Sreg <= IMPAR3


        ELSIF X='1' THEN



        
Sreg <= PAR3;


        END IF ;





        


    WHEN PAR3 =>



        IF X='0' THEN



        
Sreg <= PAR4;


        ELSIF X='1' THEN



        
Sreg <= IMPAR4;


        END IF ;



    WHEN IMPAR3 =>



        IF X='0' THEN



        
Sreg <= IMPAR4;


        ELSIF X='1' THEN



        
Sreg <= PAR4;


        END IF ;



    WHEN PAR4 =>



        
Sreg <= PAR4;


        




    WHEN IMPAR4 =>



        
Sreg <= IMPAR4;


        




    WHEN OTHERS =>



            Sreg <= INIT;


            


    



END CASE ;



END IF ;



END IF ;

END PROCESS;

WITH Sreg SELECT --valores de salida basados en estado


Z <= 
'1' WHEN IMPAR1 | IMPAR2 | IMPAR3 | IMPAR4,



'0' WHEN INIT | PAR1 | PAR2 | PAR3 | PAR4,



'0' WHEN OTHERS;

END smexamp_arch5;
LIBRARY IEEE;

USE IEEE.std_logic_1164.all;

ENTITY smexamp_tb5 IS

END smexamp_tb5;

ARCHITECTURE smexamp_arch_tb5 OF smexamp_tb5 IS


COMPONENT smexamp5


PORT (



CLOCK: in std_logic;



X: in std_logic;



RESET: in std_logic;



Z: out std_logic


);


END COMPONENT ;


SIGNAL X,Z,RESET: std_logic;


SIGNAL CLOCK: std_logic :='1';

BEGIN


u1: smexamp5 PORT MAP (CLOCK,X,RESET,Z);


CLOCK <= not CLOCK after 50 ns;


X <= '0','1' after 205 ns, '0' after 495 ns, '1' after 605 ns, '0' after 795 ns, '1' after 895 ns, '0' after 1095 ns;


RESET <= '0','1' after 795 ns, '0' after 815 ns;

END smexamp_arch_tb5;
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