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PROCESS

library ieee;
use ieee.std_logic_1164.all,
leee.numeric_std.all;
entity compare is
port (a, b : in unsigned (7 downto 0);
equal : out std_logic);
end;
architecture behaviour of compare is
begin
process (a, b)
begin
if a = b then
equal <="'1";
else
equal <="'0;
end if;
end process;
end,;




_DESCRIPCION COMBINACIONAL CON y variables

library ieee;
use ieee.std logic_1164.all;
use ieee.numeric_std.all;
entity adder is
port (a, b, ¢, d : in signed(7 downto 0);
result : out signed(7 downto 0));
end entity;

architecture behaviour of adder is
begin

four_add: process (a, b, c, d)
variable sum : signed(7 downto 0);

begin
sum := a;
sum :=sum + b;
sum ;= sum + c;
sum :=sum + d; a
result <= sum;

end process; Y " ‘ ‘ ’ sSum
¢ d

end:;



asignacion secuencial

LIBRARY ieee; USE ieee.std_logic_1164.ALL;
ENTITY sumador IS
GENERIC (n_bits : INTEGER :=4);

PORT (a : IN std_logic_vector (n_bits DOWNTO 1);
b : IN std_logic_vector (n_bits DOWNTO 1);
c_in : IN std_logic;
c_out : OUT std_logic;
suma : std_logic_vector (n_bits DOWNTO 1));
END ENTITY sumador;

ARCHITECTURE sumador_rc OF sumador IS
BEGIN
PROCESS (a, b, c_in)
VARIABLE vsuma : std_logic_vector (n_bits DOWNTO 1);
VARIABLE carry : std_logic;
BEGIN
carry := c_in;
FOR i IN 1 TO n_bits LOOP
vsuma(i) := a(i) XOR b(i) XOR carry;
carry := (a(i) AND b(i)) OR (carry AND (a(i) OR b(i)));
END LOOP;
suma <= vsuma; c_out <= carry;
END PROCESS;
END ARCHITECTURE sumador_rd;



Diseno de un sumador
ripple-carry de 4 bits

[HENTITY sumador2 IS

= FORT ( a,b : IN BIT VECTOR (4 DOWNTO 1):
sum : OUT BIT VECTOR (4 DOWNIO 1):
cout : OOT BIT )

END ENTITY sumadord:;

[F]ARCHITECTURE sum con gen OF sumadord IS5

o =] o Nl L Ry

[
[

SIGNAL c: BIT VECTCR (5 DOWNTO 1);

s
R b

EEGIN
c(l) <= "0';
adders: FOR i IN 1 TO 4 GENERATE
sum(i) <= a(i) XOR b(i) XOR c(i):
c(i+l) <= (a(i) BAND b{i)) OR {(a(i) RND b(i))
OR (bi(i) BAND cii)):
END GENERATE;

B b S S
S RT= e R R T

cout <= c(5);

ka R
fa =

END ARCHITECTUEE sum con gen;




Resultado posible de una descripcién de PLACE and ROUTE

sum<=a+ bwhensel="'1"else a-b:

: -

—> 3SuUm

a
b

sel —e
1_

del PLACE and ROUTE

EN BASE A LOS RECURSOS QUE TENGA LA FPGA, A LA INTELIGENCIA DEL
COMPILADOR Y EVENTUALES DIRECTIVAS DEL DISENADOR, SERA EL HARDWARE
FINALMENTE IMPLEMENTADO. Aqui Sl se tendra informacion confiable del TIMING.




: USO DE SENTENCIA FOR ... LOOP

library ieee; EJEMPLO: COMPARADOR DE IGUALDAD
use ieee.std logic_1164.all; BITABIT

entity match_bits is

port (a, b : in std_logic_vector(7 downto 0);
equal_out : out std_logic_vector(7 downto 0));
end,;

architecture behaviour of match_bits is
begin
process (a, b)
begin
~ foriin 7 downto O loop
equal_out(i) <= a(i) xnor b(i);

end loop;
_end process;
end;

Otra manera de expresar el lazo:

for i in integer range 7 downto O loop
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: USO DE SENTENCIA FOR ... LOOP

EJEMPLO: CONTADOR DE UNOS.

contader d.H e = e __ @ Circuito Combinatorio

;
use ieece.std logic 1164.a2l1l, ieece.numeric =std.all:;
Hentity cﬂntaaﬂr de_unﬂs i= h
B port (vec : in =td logic wector(l5 downto 0):
t count : out ursiEnEdi& downto 0} )
end;

architecture behaviour of contador de unos is
begin
process (vec)

wvariable result : unsigned ({4 downto 0); o o Mo o
begin ’ e - Inicializacion de VARIABLE

result := "00000

for i im 15 dﬂW1Tﬁ 0 loop
if wec(i) = '"1' then

result := result + 1; 4

else result := result; POSIBLE SINTESIS DEL CIRCUITO
end if;

end loop;

count <= result:;
end process;

end; 5

vec(15) vec(0)



: USO DE SENTENCIA FOR ... LOOP

& — A — EJEMPLO: CONTADOR DE UNOS.
b AR % 1T R v ==

¥y i

Y
us eee.2td logic_1164.all, ieee.numeric std.all;

Elenticy c or_de_unos is TE ST‘ B E N C H

Lend t ntador_de_umnos;

Flarchitecture test of tb contador de unos is

T e T P st et e a1 VALOR INICIAL DE LA ENTRADA
et compnenss ’ PARA CORRER LA SIMULACION

th vec

(S I . T, B S FUR ST

tb count

uut: contador de unos port map ( tbh vec, th count);

estimulos @ process
begin

LI I ]
=] o s LA R

=]

L=

=]
w om

File Edit View Add Format Tools Window

Lyﬁnﬁﬁ$%g o p L 5
Ll %} £

ftb_contador_de_unosfth_vec 1000100011110011 1000100011110011

Jtb_contader_de_unosth_count I 01000

8 "UNOS"




LIBRARY ieee;
USE ieee._std_logic_1164_ALL;

Diseno de Barrel Shifters

ENTITY shifter8bits IS
PORT(
= . entrada: IN STD_LOGIC_VECTOR (¥ downto @);
Flla 2 Flla 3 sel: IN STD_LOGIC_UVECTOR (2 downto 8});
salida: OUT STD_LOGIC_VECTOR (7 downto 8));

salida(7) END shifter8bits;

ARCHITEGCTURE barrel OF shifter8bits IS
BEGIN
. PROCESS {entrada, sel)
Sa||da(6) UVARIABLE temp1: STD_LOGIC_VECTOR(7 downto @);
UARIABLE temp2: STD_LOGIC_UECTOR(7 downto 8);
BEGIN
--Primera fila
. IF (sel({@)="8"') THEM
Sa“da(S) temp1 := entrada;
ELSE
temp1(@) := '@';
FOR i IN 1 T0 entrada'HIGH LOOP

i temp1(i) := entrada(i-1);
salida(4) £ Loon:
END IF;

Fila 1

entrada(7)

entrada(6) —

entrada(5) —

entrada(4) —

entrada(3) —|

--Segunda fila
IF {sel(1)="8") THEN

—> saHda(3) ﬂs;emz:=tem1;

FOR i IN 8 TO 1 LOOP
O temp2{i) = '@8';
EHD LOOP;
Sa|ida(2) FOR i IN 2 TO entrada‘HIGH LOOP
temp2{i) := temp1{i-2});
EHD LOOP;
O EHD IF;
. --Tercera fila
salida(l) ERGRCSICEDRIE
salida <F temp2;

entrada(2) —

entrada(l) —

entrada(0) — 0]

O ELSE
FOR i IHN @8 TO 3 LOOP
. salida{i) <= '8’;
Sallda(o) EHD LOOP;
FOR i IN &4 TO entrada®HIGH LOOP
S€|(O) 0 salida({i) <= temp2(i-4);
END LOOP;

SC@Y) END IF;

END PROCESS;
SeI(Z) EHMD barrel;




Diseno de Barrel Shifters

Ejemplo: Disefio de Shifter aritmetico de 8 bits a izquierda.

Simulacion

i MAX+plus I - c:\max2workivhdl\shifter8bits - [shifter8bits.scf - Waveform Editor]
g} MAX+plus II File Edit View MNode i ilitie ions  Window Help

A=

DSUS_UHS
100.0ns 200.0ns 300.0ns 400.0ns 500.0ns 600.0ns 700.0ns 800.0ns 900.Dns  1.0us 1.1us 1.2us 1.3us 1.4us 1.5us 1.6us 1.7us 1.8us

e T S SSEESSSSSES——E—————————————————.—.——————————————————————————SSSSSsSsSsSsDESSsssasssssmeSsssamesssasaamsseense
S S
0 W 1 W 0 W 3 W 4 !

0001
i g W ~ W 7 W 0 W

6
00000010 00000100 00001000 § 0000000 00100000 § 01000000 " 10000000 § 00000001




Diseno de comparadores

Ejemplo: Diseno de comparador binario con signo en punto fijo
de dos numeros “a” y “"b” de 8 bits de longitud de palabra

il MAX+plus Il - c:\max2workwhdl\comparador - [comparador.vhd - Text Editor]

L{ MaX+plus II File Edit Templates Assign Utiliies Options Window Help

BiP== = B o OREESEL HDE EEE
LIBRARY ieee;
USE ieee.std logic 1164.all;
USE ieee.std_logic_arith.all;

ENTITY comparador IS
GEHERIC {n: INTEGER := 7¥};
FORT {(a, b: IH SIGHED {n DOWNTO 8};
amayorb, aigqualb, amenorb: OUT STD _LOGIC});
END comparador ;

ARCHITECTURE compconsigno OF comparador IS
BEGIH
amayorb <= '1' WHEH a > b ELSE "@';
aigualb <= *1° WHEH a = b ELSE '8°;
amenorb <= "1" WHEH a < b ELSE "@';
EHD compconsigno;




Diseno de comparadores

Ejemplo: Diseno de comparador binario con signo en punto fijo
de dos numeros “a” y “"b” de 8 bits de longitud de palabra

Simulacion

it MAX+plus Il - c:\max2work\whdl\comparador - [comparador.scf - Waveform Editor]
5} MAX+plus II File Edit View Mode Assign Utliies Options Window Help

a=EIE ¥ oOREEDL DA B8R TAZE B
Ret Time ntona

95.0ns

1.1us  1.2us

¢ amayorb

@ aigualb

Porqué los glitches...???

Como se soluciona...???



CONVERSION BINARIO A GRAY

0[0)
01
10
11

0 0 0[0)
1 1 01
1 11
0 10
GRAY 2 BITS

BINARIO 2 BITS

GRAY 3 BITS

0]0)
01
11
10
10
11
01
00

000
001
011
010
110
111
101
100

000
001
010
011
100
101
110
111

BINARIO 3 BITS



CONCEPTO DE MEMORIA ROM

CONVERSION BINARIO A GRAY EN 3 BITS (solo lectura)

bin_a_gray_3bits,vhd th_bin_a_gray_3bits.vhd

A% %% 0T R T '

gray en formato paralelo

BIN =>GRAY

N )

g 0]0]0) 0]0]0)

. | igned(2 downto 0):

! out std logic vector(2 downto 0)); 001 001
010 011
architecture behaviour of bin a gray 3bits is 011 010
type memory type is array (0 to 7]
std logic wvector (2 downto 0); 100 110

101 111
CONSCant MEMOTY ! MEmMOTY Ttype =
("ooow™, ToQoiwr, ToiivT, TOoiow™, Tiigp®™, Tiiiw, Tigl"™, T100™); 110 101

111 100

o L Ry

integer (bin)):

|

«to_integer»
Desde el punto de vista funcional, ‘memory’ es una memoria

de sodlo lectura (ROM) la cual se direcciona por ‘bin’ para leer
la informacion de uno de los 8 datos almacenados en ella.




CONVERSION BINARIO A GRAY EN 3 BITS

bin_a_gray_3bits.vhd tb_bin_a_gray_3bits.vhd

logic 1164.ALL;
eric =std.all;

s Ll R

CJENTITY
L END tb b

=1

BEIARCHITECTURE behavior OF tbh_bin a

[
[ Y v g 5

COMPONENT bin a gray 3bits is
port : 1

[y
[

vl

BEGIN

uut: bin a gray 3bits PORT MLP (bin, gray):

F

=
=

end CCOMPCMENT:

signal bin Iour )=

zignal gray ! 2td logic vector(2 downto 0);
=

14

Ry B2 B3RS
L

n

i Resultado de la simulacion

in T loop File Edit View Add Format T

=
bin <= t ed (1,3
wait for I

o

cn

end loop:

R B2 BRI RD
-]

[fa}

wait;
3

r
=T

end process;
END: B [Jtb_bin_a_gray_3bits/bin joo1  Jpid foi1  Jio0 101 {110 {317
B jth_bin_a_gray_3hits/gray jooi  Jp1d Joao  Jai0  J311 {101 fioo




Diseno de un sumador tipo RIPPLE-CARRY de 2 operandos de 4bits

a(3) b(3) 1 @) b(2) a(1) b(1) a(0) b(0)

c1(3) sum1(3) ‘ cl(2)

sum1(1) | c1(0) sum1(0)

Cout Sums; Sum, Sum;, Sum,



Diseno de un sumador tipo RIPPLE-CARRY de 2 operandos de 4bits

SUMADOR FULL-ADDER DE UN BIT

ibrary IEEE;
use IEEE.STD LOGIC 1164.4ALL:

e L R

entity full adder 1lbit is
port [ = ! in std_logic:
1) ! in std logic:
ci : in std logics
=] I ouat stE logic:
co I ouat std:lﬂgic

wn

woe = M

I

end full adder 1lbit:

behavior of full adder lbit is

Yy HXor cis
d v) or (ci and [(x =xor v)):




[F--5umador de 2 operandos de 4 bits sin signo.

——Tipo: Ripple-Carry en formato Paralelo.

——5e emplea el metodo de descripcion ESTRUCTURAL para describir el
——sumador Ripple-Carry formado por sumadores completos de un bit.
——5e emplea descripcion de CCOMPORTAMIENTC para describir al sumador
——de un bit.

——-5ERGIC WCRIEGR - ISLD - 2016

——Nombre del archivo TOF LEVEL: sum ripple carry 4bits.

--E2te archivo se emplea junto con el denominado "full adder 1bit"”
——2l1 cual describe un sumador completo de 1 bit ¥ en este proyecto
—-—3era invocado 4 veces.

Disefio de un sumador tipo
RIPPLE-CARRY de 2 operandos
de 4bits

W =] W b L R

Descripcion en VHDL

R
o

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.NUMERIC STD.ALL;

[Hentity sum ripple carry 4bits is
= Port { a : in unsigned (3 downto 0);
b : in unsigned (3 downto 0);
cin : in =td logics
cout : out std logic;
sum : out unsigned (3 downto 0)
Vi

end sum ripple carry 4bits:

[Farchitecture Behawvioral of sum ripple carry 4bitcs
éconponent full adder 1bit iﬁ

= port [ X : in std logics

v : in std logic;

ci t in =td logic:

= : out std logic;

co i out std logic

E )i

end component;

gignal cl,suml,c2 : unsigned (3 downto 0) := (others = '0"):
begin

fulladd 0 : full adder 1bit map(a(0),b(0),cin,suml (0),cl(0));

fulladd 1 : full adder 1bhit map{a(l),b(l),cl({0),suml(1),c1({1)):
fulladd 2 : full adder 1bit map(a(2),b(2),clil),suml(2),cl{2));
fulladd 3 : full adder 1bit map(a(3),b(3),cl(2),suml(3),cl(3)):

sum(0) <= suml(0);
sum(l) «= suml (1)
sum(2) <= suml (2);
sum(3) <= suml(3);
cout <= cl(3);

end Behavioral;




Diseno de un sumador tipo RIPPLE-CARRY de 2 operandos de 4bits

Test bench en VHDL

LIBEARY ieee;
USE ieee.std logic 1164.ARLL;
use ieee.numeric std.all;

HENTITY th sum ripple carry 4bits IS5
LEND th sum ripple carry 4bits:

HLRCHITECTURE behavior OF th sum ripple carry 4bits IS5
= COMPONENT sum ripple carry 4bits is
= Fort (| a i in unsigned (3 downto Q) ;

b i in unsigned (3 downto Q) ;

cin ! in std logic:

cout @ out std logic;

sum : out unsigned (3 downto 0)

)i

end COMPCONENT:

(¥ T TR s O oy Y WPV %

[ I I ey
(P S R I N oS T N Sy

signal a, b : unsigned (3 downto Q) ;

signal sum : unsigned (3 downto 0) = (others => '0"};
signal cin : std logic;

signal cout : std logic : o

[N T T % R L6 T ¥
[ O L % R R s

BEGIN

S5 ]
oL

wut: sum ripple carry 4bits PORT M&P (a, b, cin, cout, sum);

LS %]
=]

estimulo proc: process
begin
cin <= '0';
a <= to_unsigned (3,4%):
for i in 0 to 15 loop
wait for 200 ns:
b «= to_unsigned(i,4):
end loop;
wait;
end process;

[T o1 o Ty o o o T oy % T I L5
=] & 0 s L3 R =2 O

L
]

END;




Diseno de un sumador tipo RIPPLE-CARRY de 2 operandos de 4bits

Resultado de la simulacién

L

File Edit View Add Format Tools Window

EF[ ¢ ousl ELELELES

T

B /ib_sum_ripple_carry_4bits/a 3 3
B4 /tb_sum_ripple_carry_4bits/b 15 X o il 2 13 2] I5 |3 17 )] o 0 1] J12 J13  T14 IS
B4 /tb_sum_ripple_carry_4bitsfsum 2 X I3 Ta I5 )3 17 Ia fa fio a1 35 W33 Y14 Yis W0 1 2

#  fth_sum_ripple_carry_4hits/dn 0
4 [tb_sum_ripple_carry_4bits/cout 1 ! | | |




Disefio de un sumador tipo CARRY-SAVE de 3 operandos de 4bits

a(3) b(3) c(3) a(2) b(2) c(2) a(1) b(1) c(1) a(0) b(0) c(0)

cl1(3) suml1(3) c1(2) suml(2) c1(1) suml(l) c1(0) suml1(0)

Sum, Sum Sum Sum Sum
3 2 1 (0]



Disefio de un sumador de - cum_cary_save_4bis.vhd to_sum_cary_save_sbits.vhd
3 operandos tipo carry-save a -

s Ld b

Descripcion en VHDL

W ol =l &

[y
(=]

downto

Ry Ry RS
s Ld R

n

=]

[&4]

2
2
2
28
2z
2
2

[¥=}

unsigned (3 downto 0)

dder 1lbit
der 1

suml (0) ;

havioral;




Disefio de un sumador de 3 operandos tipo carry-save

SUMADOR FULL-ADDER DE UN BIT

library IEEE:;
use IEEE.STD LOGIC 1164.4LL;

entity full adder 1bit is
port [ x ! in std logic;
! in std logic;
: in std logic:
1 out stE logic:
1 out std:lﬂgic
1=

end full_adder_lhit;

*or oi;

or (ci and (x xXor w)):




Disefio de un sumador de 3 operandos tipo carry-save

TeSt benCh en VHDL sum_carry_save_4gbits, vhd th_sum_carry_save_4bits.vhd
- WYY EE 4 45%% % 0T R G |

LIBRARY ieese;

USE ieee.std logic 1164.ALL;

use ieee.numeric std.all;

EIENTITY th sum carry save_ 4bits IS
LEND th sum carry save 4bits;

[EJRRCHITECTURE behawvior OF th_sum carry save_ 4bits IS
= CCMPCHMENT sum carry save_ 4bits is
= Port ([ a : in unsigned (3 downto 0);

b : in unsigned (3 downto 0);

c : in unsigned (3 downto 0);

cout : out std logicy

sum : out unsigned (4 downto 0)

Vi

end COMPCONENT

W -] o b L R

I
(PR I T T U W Y

gignal a, b : unsigned(3 downto
gignal c : un=signed(3 downto = =» '0');
gignal sum : unsigned (4 downto = =» '0');
gignal : std_logic := '0';

k3 Rd R k3 B2
[T P S R ]

BEGIN

R R
oL

uut: sum carry save 4bits PORT MAP (a, b, c, cout, sum):;

[ I
[EERES

estimulo proc: process
begin
a <= to_unsigned (8&,4):
b «= to_unsigned (1q,4]:
for i in 0 to 15 loop
wait for 200 ns;
c <= to_unsigned(i, )
end loop:
wailt:;
end process;

Ll Lad Cad L D L3 Lad Qb R
EO =] 0 noeb L R Do

Lad
[fe}

END:




Resultado de la simulacion

=8| s
gz @B :
ﬂ—"‘ fth_sum_carry_save_4bitsfa 8
B /th_sum_carry_save_4bitz/b 10 10
B4 jtb_sum_carry_save_dbits/c 15 0 i 13 /5 Is 17 ] o [Hi[ 112 jis 4 15
B4 /tb_sum_carry_save_4bitsfsum 1 Lis g 21 73 173 175 17 125 %5 30 3T n
|




Disefio de un complementador a 2 (CA2) tipo serie

DeSCI’IpCIén en VH DL @'3 complementador_a2_serie,vhd @ | (@) Compilation Report
B #T EE 4% %% % 05 R 2 =

library ieee;
use ieee.std logic 11&64.all;

Henticy complementador ad serie is
=l Port | clock : in std logic:
reset ! in std_logic;
din : in std logic wvector (7 downto 0):
dout ! out std logic wector (7 downto 0)

W =] N b L R

B )i

end complementador a2 serie;

[
oo

[
L]

Harchitecture Comportamiento of complementador aZ serie is

[y
WL

signal data out, data in : std logic wvector (7 downto 0);
gignal lock : integer range 0 to 1:= 0;
zignal wvar : integer range 0 to 8:= 0;

[
-1 m tn

din
data_out

[
=]

begin

ot I
=RV ]

data in <= din;

R R
R

process (reset, clock)
begin
if reset = '"1' then
var <= 0;
lock <= 0;
elsif (clock'event and clock = '"1'}) then
if wvar < &8 then
if lock = 0 then data out(var) <= din(var);
else data_out(var) <= not din(var);
end if;
if din{wvar) = "1" then lock <= 1;
end if;
wvar <= wvar + 1;
end if;
end if;
end process;
dout <= data_ out;

Fa K3 B3 R
[a T Y S L

end Comportamiento;




Disefio de un complementador a 2 (CA2) tipo serie

Test bench en VHDL

library IEEE;

use IEEE.STD LOGIC 1164.all:;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNWED.ALL;

Bentity th complementador a2 serie is
Lend th complementador a2 serie;

0 =] honob L R

[Flarchitecture test of th complementador a2 serie is

= component complementador a2 serie

= Fort | clock : in =cd logic:

reset : in =cd logic:

din iin std logic vector (7 downto 0);
dout i out std_logic_wector (7 downto 0)

bz

end component;

=2ignal din, dout : 5TD_LOGIC VECTOR( 7 downto 0);
=ignal clock, reset 1 5TD_LOGIC:

begin

uut: complementador a2 serie port map [ clock =» clock, reset =» reset,
din =» din, dout => dout
Vi

gen_reloj : process -—- Relo]) de 200 ns de pericdo ¥y 50% de ciclo de trabajo
begin
clock <= '0';
waitc for 100 ns;
clock <= "1";
wait for 100 ns;
end process gen_reloj:

eztimulo=s @ process

begin

din «= "01100100";
reset <= '0"';
walit for 500 ns;
reset <= "1';
wait for 500 ns;
reset <= "'0"';
wait for 4 us;

end process estimalos;

end test:




Disefio de un complementador a 2 (CA2) tipo serie

Resultado de la simulacién

"U" indica "no definido"

View Add Format Tools W

Msgsl

3
B jtb_complementador_a2_serie/din 0110001100100
H—‘ jtb_complementador_a2_serie/dout mlIHIUUU. .. Uuuuulua uuuuULoo uuuuU 100 uuuu1100 Uuu11100 Uu011100 U0011100 |:1DD 11100

#  jth_complementador_a2_serie/dock 0 | | | | | | | | | | | | | | | | | | | -

4 Jtb_compl jor_a2_seriefreset [0 | |




Disefio de un sumador tipo RIPPLE-CARRY de 2 operandos SERIE

Descripcion en VHDL

b

2]

sum_ripple_carry_serie.vhd @ | @ Compilation Report

= 4% A4%% 0T R

TR

th_sum_ripple_carry_serie.vhd

0 =] o Lnods L Ry

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

[Hentity sum ripple carry serie is

= Fort ([ clock in std_logic:
reset in std logic;
a i in std logic wvector (7 downto 0);
b i std logic wvector (7 downto 0);
cin in std logic:
um out std logic wector (7 downto 0);
cout out std logic

B )i

end sum ripple carry serie;

[Harchitecture Comportamiento of sum ripple carry serie is

zignal suma, a_in, b_in
signal cin in, carry

std logic vector(7 downto 0);:
std logicy

begin

a in <= a;
b in <= b;
cin in <= ecing

process (reset,
variable i
begin
if reset = "1°'
i = 0;
suma <= x"00";
carry <= cin_in;
el=zif (clock'event and clock =
if i « 8 then
suma (i) «= a_in(i) XOR b_in(i)XOR carry;
carry <= (a_in(i) AND b _in(i)) OR (carry RND (a_in(i)
i::=1i4+ 1;
end if;
end if;
end process;
cout <= carry;
sum <= Suma;

clock)
integer range 0 to

then

'1') then

end Comportamiento;

OR b_in(i))):




Disefio de un sumador tipo RIPPLE-CARRY de 2 operandos SERIE

sum_ripple_carry_serie.vhd | @ Compilation Report th_sum_ripple_carry_serie.vhd

Test bench en VHDL I ML T EE 4% AR 1T B @

Hentity tbh_sum ripple carry serie is
Lend th sum ripple carry serie;

6
7
8
9

Harchitecture test of tb_sum ripple carry serie is
10
11
12 component sum ripple carry serie

13 Bort | clock : in std logic:

14 reset : in std logic:

15 a : in std_logic wector (7 downto 0):
16 b : in std logic vector (7 downto 0):
17 cin ! in =std logics

18 sum : out std_logic_wector (7 downto 0):
15 cout : out std logic

20 1

21 end component;

22
23 gignal a, b, sum : std logic wvector( 7 downto 0):
24 =2ignal eclock, reset, cin, cout : std_logic;

25
28
27 begin
28
29 uut: sum ripple carry Serie port map { clock =» clock, reset =»> reset,
30 a =»a, b => b, cin => cin,

31 sum =» sSum, cout => cout

32 )z

33
34 gen _reloj : process -- Relo]j de 200 n= de periodo ¥y 50% de ciclo de trabajo
B begin

36 clock <= '0';

37 wait for 100 ns:

38 clock <= '1";

HE wait for 100 ns;

40 end process gen_reloj;

41
42 estimulos : process
43
44 begin

45 cin <= '0';

46 a <= "o0101101";
47 b «= "01111100";
48 reset <= '0';
43 wait for 500 ns:;
50 reset <= '1l":
51 wait for 500 ns;
52 reset <= '0"';
a3 wailt for 4 us;
54
55 end process estimulos;
56 F

end test;




Resultado de la simulacion
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Disefio de un multiplicador sin signo paralelo con «template»

Descripcion en VHDL

Fen
St

multiplicador 1.vhd

x| El

BT EE A B% 0T B E |

tb_multiplicador 1. vhd

[V T - R R T 3 Y Y LI % ]

L O T e R e R e T N e e N N
PR T= I = I - S T Y S T A e o e T M TS O Y Sy Y

El-- Quartus II VHDL Template
L—— Un=igned Mulciply

library ieee;
use ieee.std logic 1l164.all;
use ieee.numeric std.all;

[]hntity multiplicadorl is

generic

= (

DATA WIDTH : natural

in unsigned

in un=igned
resultc out un=signed
Vi

end entity;

Elarchitecture rtl of multipli
Eleegin

resultc <=

—end rtl;

= 3

=]

{ (DATA WIDTH-1) downto 0):
{ (DATA WIDTH-1) downto 0):
{ {(2*DATA WIDTH-1) downto 0)

cadorl is




Disefio de un multiplicador sin signo paralelo con «template»

Test benCh en VHDL 1jII'Ii:BI::I::rl.\rhl::I aﬁc th_multiplicador 1. vhd
SiE 4 44%% 0T RO |

Y : 25
LIBRARY ieee;

USE ieee.std logic 1164.ALL;

use ieee.numeric std.all;

FENTITY th multiplicadorl IS

generic

= !

(¥ S s I 5 Y O L 6

DATA WIDTH : natural := &
i

[
[T

END tb multiplicadorl;

ElARCHITECTURE behavior OF th multiplicadorl IS
= CCMPCOHENT multiplicadorl is
= Port ( a : in unsigned ((DATA WIDTH-1) downto 0):
b : in unsigned ((DATA WIDTH-1) downto 0);:
result i out unsigned ((2*DATA WIDTH-1) downto 0)
) :
end COMPCOHENT :

[
Lad

R R e e N =
A R N P R R A TS

=zignal a, b ! unsigned( (DATA WIDTH-1) downto 0);
zignal result : unsigned|( (2%*DATA WIDTH-1)downto 0} := (others => '0'};

S T Y
=1 & tn

BEGIN

k3 R
[F= e ]

uut: mulciplicadorl PORT MAP (a, b, resulc):

L L
[

estimulo proc: process
begin
a <= to_unsigned (40,DATA WIDTH)|;
for i in 0 to 15 loop
walt for 200 ns;
b <= to unsigned(i, DATA WIDTH):
end loop:
wait:
end process;

[ R T R VT LT o B % ]
LT T - IS I VI, (Y O L ¥

s
[

END;




Resultado de la simulacion
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Disefio de un multiplicador paralelo con algoritmo de Booth de 4 bits

sal_mul_xyly0

|

sal_mul_xy3y2
(desplazado 2 bits)




Disefio de un multiplicador paralelo con algoritmo de Booth de 4 bits

[ library IEEE; o o o
7  use IEgE.STD_LDGIC_lltS&.ALL: Descripcion en VHDL
2

use IEEE.NUMERIC STD.ALL;

9

10 Hlentity mul booth 4bits is

11 = Port | % : in unsigned (3 downto 0);

1z v : in unsigned (3 downto 0);

i1E 3 _®yly0 @ out unsigned (7 downto 0):

14 3 _=®y3y2 @ out unsigned (7 downto 0):

15 mal : out unsigned (7 downto Q)

16 B i

17 end mal booth 4bits;

18 .

189 [Harchitecture Behavioral of mul booth 4bits is

20

21 2ignal s2al mul x yly0, =2al mul x y3y2,xr,yr : unsigned (7 downto 0):

22 =zignal =al : unsigned (7 downto 0);

23 o

24 Hbegin

25

26 Kr <= resize(x,8):

27 vr <= resize(y,8);

28

29 Emul_x_yly@ . process (Xr, ¥r)

30 | begin

31 = if ((not vr{l) and not vr{0})) = '1"}) then =sal mul x yly0 <= "00000000";
32 = elsif ((not yr{l) and yr(0)) = '1'") then zal mul x ylyd <= =Xr;

33 = elsif ((vr(l) and not yr(0)) = '1'") then 2al mul x yly0 <= zhift left(xr,l):
34 = glsif ((vr(l) and wr(0)) = "1') then sal mul x yly0 <= ®r + shift lefr(xr,1):
3 end if;

36 end process;

37

38 Emul_x_y3y2 : process (Xr, vr)

39 | begin

40 = if ((not yr(3) and not yr(2)) = '1' )} then =2al mul x y3y2 <= "0000000CO";
41 = elsif ((not yr(3) and yr(2)} = "1" ) then sal_ mul x y3yZ <= Xr;

42 = gelsif ((yvr(3) and not y11(2n = '1" ) then sal mul x y3y2 <= shift lefo(xr,1):;
43 = elsif ((yr(3) and yr(2)) = '1' ) then sal mul x ¥3y2 <= xr + shift left(xr,1):
44 - end if;

45 end process;

46 -

47 E--suma : process (2al mul x vlwy0, =2al mul x y3v2)

48 F—— begin

49 2al «= 2al_ mul x yly0 + shifc left(sal mul x y3y2,2);

S0 - end process;

21 mul <= sal;

52 8 _xyly0 <= sal mul x viv0;

53 i s xy3y2 <= sal mul x y3y2;

s end Behavioral;



Disefio de un multiplicador paralelo con algoritmo de Bo

oth de 4 bhits

tb_mul_booth_4bits, vhd

B8

[V e T . I o BT O R S B

L Y Y " Y SN - I I T T o o T ¥ Ty 7 T 1 I S ' T T L T 5 % T 8 O I e e e e T e T e o ]
i T 3 Y O LT I T e V- Y < N s Ty (Y - 1 T e T Vo Y < N s Oy Y - ' T T e T W Y N . O o 3 Y O L Y e

LIBRARY ieee;
USE ieee.std logic 11&4.ALL;
use ieee.numeric std.all;

EENTITY tb_mul booth 4bits IS
LEND tb mul booth 4bits;

CIZARCHITECTURE behavior OF tb_mul booth_4bits IS

= COMPONENT mul booth 4bits is

=l Fort ( = : in unsigned (3 downto 0);
v : in un=signed (3 downto 0);
s _xylyD out unsigned (7 downto 0);
5 _=y3vd out unsigned (7 downto 0);
mul : out unsigned (7 downto 0)

E )
end COMPCHEMNT:

signal %, ¥
signal s =xyly0, = =xy3y2
signal mual

unsigned (3 downto
unsigned(ﬂ downto
un=signed (7 downto

BEGIN
uut: mul booth 4bits PORT MAP

=l estimulo proc: process
begin

x <= "Qoli1i";
y <= "0100™;
wait for 200 ns;
y <= "1111";
walt for 200 ns=;
x <= "1101";
wailt for 200 ns:
X <= "1ii1i";
wait for 200 ns;
¥y <= "0ooo";
wait for 200 ns;
¥y <= "1010";
wait for 200 ns;
¥y <= "Qoli1i";
wait;

end process;

END;

a):
0):
0):

Test bench en VHDL

(%, v, 5_=yly0, s =xy3y2, mul);




Disefio de un multiplicador paralelo con algoritmo de Booth de 4 bits

Resultado de la simulacion

| Wave

M e e ————— Y

SRR

ftb_mul_booth_4bitsfx 1111 011 1101 1111
Stb_mul_booth_4bitsfy 0011 100 1111 oo 1010 011
ftb_rmul_booth_4bitsfs_xy1ly0 (00101101 0000000 0001001 01001131 01031101 Qoo0o0o0 0011110 0101101
ftb_rmul_booth_4bitsfs_xy3y2  |00000000 00000 1 0001001 01001131 01031101 Qooo0o0 001111 000000
fth_mul_booth_4bits fmul 00101101 000110 0101303 1100001 1110000 0000000 10010110 0101101

£@| Wave

File Edit View Add Format Tools Window

e
H - il 3

[
[=]
[=]

[=]
(=
(=1

[ RS

ftb_mul_booth_4bits/x
B /tb_mul_booth_4bits/y 3 4 15 0
B /tb_mul_booth_dbits/s_xylyd |45 ] 2 45 45
ftb_mul_booth_4bits/s_xy3y2 |0 ] 9 45
ftb_mul_booth_4bits fmul 12 45 195 5 150 45




Disefio de un multiplicador — acumulador paralelo con signo de 8 bits
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Disefio de un multiplicador — acumulador paralelo con signo de 8 bits

Py Fray
abe mult_acum_con_signo.vhd B i th_mult_acum_con_signo.vhd

B &L A% %% % 0T R B |

E--Ejemplo de multiplicador mas acumulador
L__ S5ergic Noriega ISLD 2016

library ieee;

usge ieee.std logic 1164.211;

usge ieee.numeric std.all;

Descripcion en VHDL

Hentity mult acum con signo is
port

H [

W om =] N s L R

[
(=}

a : in signed (7 downto 0):
b : in =signed (7 downto 0):
clk ! in std_logic:

reset i in std_logic:

accum out : out signed (15 downto 0)

[ I =
[T T

)z

o
g oo

end entitcy;

o
w m

Farchitecture rtl of mult acum con_signo 1s

R R
=]

gignal a reg : signed (7 downto 0);
gignal b reg : signed (7 downto 0);
signal mult reg : signed (15 downto 0);
signal adder out : signed (1% downto 0);
signal old result : signed (15 downto 0);

Ra B RORIORD
o N s L R

Erkegin

ka Ra
m =]

mult _reg <= a_reg * b reg:
adder out <= old_result + mult_reg;

L R
[l = R T}

& reg <= a;
b reg <= b;

[ ]
[FLI ]

[
s

= process (clk, reset)
| begin
if (reset = '1'} then
old result <= (others => '0'};
elsif (rising edge(clk))} then

=
=
{ old result <= adder out;

oW oW oW
DW=l ;o

accum out <= adder out;
end if;

e b
LE I I

end process;

M
LE I

end rtl:

s
o




Disefio de un multiplicador — acumulador paralelo con signo de 8 bits

mult_acum_con_signo.vhd C th_mult_acum_con_signo.vhd

Test bench en VHDL BT == 4% %%% 05 B 3

LIBRARY ieee; USE ieee.std logic 1164.ALL; use ieee.numeric std.all;

HENTITY th_mult acum con_ signo I3
LEND th_mult_ acum con_signo;

[HARCHITECTURE behavior OF th mult_acum con_signo IS

M= o Wb W R

CCMPCMENT mult acum con signo is

= port |

a : in signed(7 downto 0);

b : in signed (7 downto 0);

clk : in std logic;

reset : in std_logic;

accum_out : out signed (15 downto 0));
end COMPCHNENT ;

2ignal a, b : 2igned(7 downto 0):
signal accum out : 2igned (15 downto 0):

signal clk, reset : std logics

type datos is array (integer range 0 to 9) of signed(7 downto 0);

En este test-bench se mantiene constante BEGIN
Ia entrada ‘b’ en eI Valor +3 y Se entran 10 uut: mult_acum con_signo PORT MAF (a, b, clk, reset, accum out):

Valores de ‘a, en Slncronia Con el reIOJ gen_reloj : process -- Reloj de 200 ns de periocdo

begin
+1, +4, +8, +2, +1, -1, -3, -7, -4, -1. ek <= ro';
wait for 100 ns;
clk <= "1";
wait for 100 ns;
end process gen reloj;

estimulo_proc: Drocess
variable muestras: datos;
begin
muestras := ("00000001"™, "OOQOOO1O0OQ™, ™OO0O0O01000™,"00OO0O001O™,™00000001™,

a <= muestras
b <= "00000011";
reset <= "0';
wait for 50 ns;
reset <= "1';
wait for 150 ns;
reset <= '0';
wait for 200 ns:;
for i in 1 to 9 loop
a <= muestras(i):
wait for 200 ns=;
end loop;
wait;
end process;
CEND:




Resultado de la simulacion

Segun los datos ingresados, en el test-bench, al cabo de 10 ciclos de reloj
clk, la suma de productos acumulativos, da cero.

AR ] [ M | T iBo|| & & el
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Disefio de un multiplicador en Punto Flotante Simple Precision IEEE-754

Single-Precision Format
The single-precision format contains the following binary patterns:
+ The MSB holds the sign bit.
+ The next 8 bits hold the exponent bits.
» 23 L5Bs hold the mantissa.

The total width of a floating-point number in the single-precision format is 32 bits. The bias for the
single-precision format is 127.

Figure 1-10: Single-Precision Representation
This figure shows a single-precision representation.

3130 23 22

B

ug_altfp_mfug.pdf



Disefio de un multiplicador en Punto Flotante Simple Precision IEEE-754

File Edit View Project Assignments Processing Tools Window d;:j ALTFP MULT

D & & BRE v o mpliadr2 3?:4@@@@ P’:’@
Project Navigator 8 X | 3 th_multiplicador2.vhd o
- = 261
= Files L A % % % % lﬂ ﬁ @ 263 f—
i multiphcador2.vhd 10 -
a multiplicador 2.gip 11 - Currently selected device Family: i
i multiplicador 2. vhd ij - multi2 - . -
b - - Match project/default
win tb_multiplicador2.vhd 14 o atas31.0 resull3l .0
15 - atab[31..0
Floating Point Format
16 - lock g
i7 —— 10.1 Build 153 11/ 10 5J Web Editi clr (#) Single precision (32 bits)
18 e AR R AR A RR AR AR AR AR AR R AR R AR AR AR AR A AR R AR ) — -
19 Clack cycles: 1 () Double precision (64 bits)
20 5 Single Precisiol () Single extended precision (43 to 64 bits)
21 1 C) 1991-2010 Altera Corporat Exponent Widt
22 of Altera Corporation's design \artissa Width: 2 , L L o .
23 r software and tools, and its 2 ‘dataa’, 'datab', 'result’ widths: ~ hits
24 output files from ar Exponent width: « | bits
25 n pProgramm or simulz
26 ated documentation or informatiorn Mantissa width: bits
27 terms and conditions of the Alte
28 Altera MegaCore Outtput latency: 1 o
s T applicabl ] Use dedicated multiplier circuitry
30 that
31 X logic devices m
32 at] ized dist
33 for fur
34
35 =
Hierarchy B Files o Design Units 36 El--altfp mult
asks 8 x 37 - RSION BEGIN 10.1 cbx alt_ded mul
38
Flow: | Compilation ¥ | | Customize... 39 LISRARY lpm; Resource sage
40 USE 1pm.all; 7 dsp_ohit
Task <l 111 It
; . 42 nthesis resources = lpm add sub 4 lpn 464 res
4 — — )
j » C:mplle De.5|gn . 0 o LIBRARY icoe: | Cancel ||| < Back ||| Next = || Einish ‘
g Analysis & Synthesis o a4 USE ieee.std logic 1164.all;
L > W Fitter (Place & Route) 0 a5 - -
L > W Assembler (Generate programming files) 0 46 [ ENTITY multiplicador2 altfp mult_cbo IS
W > W TimeQuest Timing Analysis 0 47 | PORT
> W EDA Netlist Writer 48 = {
@ Program Device (Open Programmer) 49 aclr : IN STD_LOGIC := 'O0';
50 clock : IN  STD_LOGIC:
51 dataa : IN S5TD LOGIC VECTIOR (31 DOWNTIC 0):
52 datab : IN S5TD _LOGIC VECTOR (31 DOWNTC O);
=3 result : OUT STD LOGIC VECTCR (31 DOWNTIC 0)
54 B )i
END multiplicador2 altfp mult_chbo;
RRCHITECTURE RTIL OF multiplicador2 altfp mult_cbo I3
SIGHAL dataa_exp all one ff pl S5TD_LOGIC
&0 —-- synopsys translate off
&1 : "or
opsys translate_on
SIGHAL wire dataa_exp all one ff pl w 1g g296w STD_LOGIC VECTCR (0 DOWNTIC 0O):




Disefio de un multiplicador en Punto Flotante Simple Precision IEEE-754

th_multiplicador 2. vhd (] e multiplicador 2. gip multiplicador2.vhd Test benCh en VH DL
A%F% R | T B Elk

':--EB Tf 65 b/
LIBRARY iese;

USE ieee.std_logic 1164.ALL;

use ieee.n;m'.eric_st,d.all;

LIBRRRY lpm;

USE 1lpm.all:

EIENTITY th_multiplicador2 IS
LEND tb_multiplicador2;

EARCHITECIURE behavior OF th_multiplicador2 IS

CCHPCHENT multiplicador2 is
PCRT
(
aclr : I S'ED_]'_OGIC == 'Q';
clock i IN  S5TD_LOGIC;
dataa : IN S5TD LOGIC VECTOR (31 DOWNTO 0):
datab : IN STD LOGIC VECTOR (31 DOWNTIC 0):
result : OUT STD LOGIC VECTOR (31 DOWNIC 0)
r )z
END COMPONENT ;

=2ignal dataa, datab, result : 5TD LOGIC VECTOR (31 DOWNIC Q)
signal aclr, clock : 5TD LOGIC:

BEGIN

uut: maltiplicador? PORT MRAF (aclr, clock, dataa, datab, result):

gen_reloj : process —— Reloj de 20 ns de periodo y 50% de ciclo de trabajo
begin
clock <= '0';
walit for 100 ns:;

clock <= '1';
wait for 100 ns=;
end process gen reloj; +1 75
- ’ 10
estimulo proc: process /
begin

dataa <= "00111111111000000000000000000000™
datab <= "11000000010000000000000000000000™;

aclr <= "0';

wait for [300 ns; \

aclr <= "1";

wait for 150 ns; _3
aclr <= "0'; lO

wait for 5 us;
end process;

END;




Disefo

Resultado de la simulacion

(1,75) X (-3) = - 5,25,

dataa datab result

ﬂ Wave

Sk J @ 4 @

| ER 5 usi‘ ENENEYE:!

RS

0111111111000000000000000000000
11000000010000000000000000000000
0000000000000000 110000001010 10000000000000000000

[ 1

(S I e e A s S O B I |

11 ciclos de reloj de latencia

para generar el resultado de
‘equivale a’2?  equivale a'1,0101" la multplicacion
) Il w0101




.~ . Ejemplo: Diseno de ALU de 8 bits con
Diseno de Unidad operaciones aritmeticas sin signo

Aritmético-Ldogica (ALU)

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_unsigned.all;

EHNTITY alud IS
PORT (a, b: IH STD _LOGIC VECTOR {7 DOWUNTOD @),
sel: IH S5TD _LOGIC _VECTOR (4% DOWHTO 8);
cin: IH STD_LOGIC;
gal: OUT STD_LOGIC_VECTOR {7 DOWHTO 8));
EHD alud;

ARCHITECTURE alucomp3 OF aluld IS
SIGHAL aritme, logica, swap_a: STD _LOGIC VECTOR (7 DOWHTOD A);
BEGIH
swap_a{7 DOWNTO 4) <= a{3 DOUNTO 8); sentencias para implementar la
swap_a(3 DOWNTO 8) <= a{7 DOUNTO 4); operacion “swap” del operando “a”
—--Seccion de operaciones aritméticas (siff signo)
WITH sel{3 DOWHTO 8} SELECT
aritme <= a WHEH "8888", --Transferencia del operando "a"™
a+1 WYHEHN "@ea1', -—Incremento del operando "a"
a-1 WHEHN "ae1@", -—-Decremento del operando "a"
b WHEM ""8@611", --Transferencia del operando "b"™
b+1 WHEH @108, -—Incremento del operando "b"
b-1 WHEH "@181", -—Decremento del operando "b*
a+b WHEH "8118", --S%uma sin signo
a+b+cin WHEN 8111, --Suma sin signo con carry
a-b YHEH 1888, --Resta sin signo
a-b-cin WHEH 1881, --Resta sin signo con borrow
axb WHEH 1818, ——HMultiplicacion sin signo
a WHEN OTHERS; --Evita generacion de ldgica extra




.~ . Ejemplo: Diseno de ALU de 8 bits con
Diseno de Unidad operaciones aritmeticas sin signo

Aritmeético-Logica (ALU) IEE(ELIERIEE)

--Seccion de operaciones légicas (operaciones bit a bit)
WITH sel{3 DOWHTO B8) SELECT
logica <= HOT a WHEH "@88a8", --Negacion del operando "a"
HOT b WHEH ""a8ei™, --Negacion del operando "bh"
a AND b WHEN @818, --Operacidn AND e/ "a" y "b"
OR b WHEHN 8811, --Operacion OR e/ "a" y "h"
NAND b WHEN @180 ,--0peracidn MAHMD e/ "a" y ""b"
HOR b WHEN @181, --0Operacion HOR e/ "a"™ y "b"
Z0R b WHEN "@8118", —-Operacion XOR e/ "a" y "b"
a XHOR b WHEN "@111",--0Operacion HOT(XOR) e/ "a" y "b"
swap_a WHEN 1888, --Intercambio de nibles en "a"
a WHEHM OTHERS; --Evita generacion de ldgica extra
WITH sel{u4} SELECT
sal <= aritme WHEH "8',
logica WHEH OTHERS;

EHD alucomp3;

nibble H nibble L

_ _ operando "a” (un byte)

_¥ “salida”




Diseno de Unidad
Aritmético-Ldogica (ALU)

Diseno de ALU de 8 bits con

operaciones aritmeéticas sin signo
(continuacion)

Simulacion
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