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FIR IR
VHDL

28 FIR

#include <stdio.h>
#include <math.h>

#include <conio.h>

#define n 200 /*
#define m 14 /* FIR

float sfr[m+1],sfi[m+1];
float Ifr[n],Ifi[n];

float pi;

void idft( int, int);
void ilpf( int);

void LPW( void );

void main( void )

LPW();
getch();

}

void idft( int N, int M)
{
intik;

float omega;

for (i=0; i<=M-1; ++i) {
sfr[i]=0.0; /*
sfi[i]=0.0; /*

*/

*/
*/

38
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for (k=0; k<=N-1; ++k) {
omega=2.0*pi*(float)i*(float)k/(float)N; /*
sfr[i]+=Ifr[k]*cos(omega)-Ifi[k]*sin(omega); /* IDFT
sfi[i]*=Ifi[k]*cos(omega)+Ifr[k]*sin(omega); /* IDFT
}
}
for (i=0; i<=M-1; ++i) /* 1/N */
{
sfrlil/=(float)N;
sfi[i]/=(float)N;
}
}

void ilpf(int N ) /* (LPF) */
{

inti;

for (i=0; i<=30; ++i) {
Ifr[i]=1.0;

}

for (i=169; i<=N-1; ++i) {

Ifr[i]=1.0;

}

1fr[31]=0.5;

1fr[168]=0.5;

for (i=32; i<=167; ++i) {
Ifr[i]=0.0;

}

for (i=0; i<=N-1; ++i) { /* */
Ifi[i]=0.0;

}
void LPW( void )

{

inti;

39
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pi=acos(-1.0); /* */

ilpf(n); /* N */

idft( n, m+1);/* M+1 */
for (i=0; i<=m; ++i) {

printf("a(%2dTs) = %f = a(%2dTs)¥n",i,sfr[i],2*m-i);
}

for (i=0; i<=m; ++i) {
printf("a(%2dTs) = %f = a(%2dTs)¥n",i,sfr[i],2*m-i);
}

omega=2.0*pi*(float)i;
amp=sfr[0];
for (k=1; k<=m; ++K) {
amp+=2.0*sfr[k]*cos((float)k*omega*ts);
}
amp=sqgrt(amp*amp);
printf("|H(5%d) | = %f ¥n",i,20.0*log(amp));

FIR

#include <math.h>
#include <stdio.h>

#include <conio.h>

#define M 28

void main( void ){

40



intik;
double y,x[M+1],a[M+1];
double pi,ts=0.1041e-4;
pi=acos(-1.0);
for (k=0; k<=M; ++Kk) {
x[k]=0.0;

}
a[0]=0.315000;
a[1]=0.265991;
a[2]=0.145945;
a[3]=0.018209;
a[4]=-0.057819;
a[5]=-0.061585;
a[6]=-0.017838;
a[7]=0.027028;
a[8]=0.039190;
a[9]=0.017233;
a[10]=-0.014155;
a[11]=-0.028052;
a[12]=-0.016412;
a[13]=0.006952;
a[14]=0.020963;
a[15]=0.006952;
a[16]=-0.016412;
a[17]=-0.028052;
a[18]=-0.014155;
a[19]=0.017233;
a[20]=0.039190;
a[21]=0.027028;
a[22]=-0.017838;
a[23]=-0.061585;
a[24]=-0.057819;
a[25]=0.018209;
a[26]=0.145945;
a[27]=0.265991;
a[28]=0.315000;



for (i=0; i<=100; ++i) {
X[0]=1.0*sin(2.0*pi*2000*(double)i*ts);
X[0]+=1.0*sin(2.0*pi*20000*(double)i*ts);
y=0.0;
for (k=0; k<=M; ++K) {
y+=a[KI*x[K];
}
for (k=M; k>=1; --k){
X[K]=x[k-1];
}
printf("i = %d x = %f y = %f¥n",i,x[0],y);

getch();

}
}
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FIR

#include <math.h>
#include <stdio.h>

#include <conio.h>

#define M 28

void main( void ){

intik;

double y,x[M+1],a[M+1];

double pi,ts=0.1041e-4,freq=2000.0;

pi=acos(-1.0);
for (k=0; k<=M; ++k) {

x[k]=0.0;
}

a[0]=0.315000;
a[1]=0.265991;
a[2]=0.145945;
a[3]=0.018209;
a[4]=-0.057819;
a[5]=-0.061585;
a[6]=-0.017838;
a[7]=0.027028;
a[8]=0.039190;
a[9]=0.017233;
a[10]=-0.014155;
a[11]=-0.028052;
a[12]=-0.016412;
a[13]=0.006952;
a[14]=0.020963;
a[15]=0.006952;
a[16]=-0.016412;
a[17]=-0.028052;
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a[18]=-0.014155;

a[19]=0.017233;
a[20]=0.039190;
a[21]=0.027028;

a[22]=-0.017838;
a[23]=-0.061585;
a[24]=-0.057819;

a[25]=0.018209;
a[26]=0.145945;
a[27]=0.265991;
a[28]=0.315000;

for (i=0; i<=100; ++i) {

if( i==0){
x[0]=1.0;
}
else {
x[0]=0.0;
}
y=0.0;

for (k=0; k<=M; ++k) {
y+=a[K]*x[K];

}

for (k=M; k>=1; --k){
X[K]=x[k-1];

}

printf("i = %d x = %f y = %f¥n",i,x[0],y);

getch();

}
}
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#include <stdio.h>
#include <math.h>

#include <conio.h>

void main( void ) {
double pi=3.141592;

double outp,outr,ts,frequencyp,frequencyr;

printf(" Ts [ms]=");
scanf("%lf",&ts);

printf(" p[Hz] =");
scanf("%lf",&frequencyp);
printf(" r[Hz] ="),
scanf("%lf",&frequencyr);

outp=(2/ts)*tan(2*pi*frequencyp*ts/2);
outr=(2/ts)*tan(2*pi*frequencyr*ts/2);

printf("omega[p] = %f, omega[r] = %f ¥n",outp,outr);

getch();
}
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#include <stdio.h>
#include <math.h>

#include <conio.h>

void main( void ){

double n,ar,ap,wp,wr,x,y;

printf(" a[r] =");

scanf("%lf",&ar);
printf(" a[p] = ");

scanf("%lf",&ap);
printf(" w[r] =");
scanf("%lIf",&wr);
printf(" wlp] =");
scanf("%lIf",&wp);
x=pow(10,ar/10);

y=pow(10,ap/10);

n=log((x-1)/(y-1))/(2*log(wr/wp));

printf(" N = %f ¥n",n);
getch();
}
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#include <stdio.h>
#include <math.h>

#include <conio.h>

void main( void ){

double ap,y,n,omega,wp;
printf("wp=");
scanf("%lIf",&wp);
printf("ap=");

scanf("%lf",&ap);

printf("n=");

scanf("%lf",&n);

y=Wp;
y/=pow((pow(10,ap/10)-1),1/(2*n));
omega=y;

printf("omega= %f ¥n",omega);
getch();

}

1R

#include <math.h>
#include <stdio.h>

#include <conio.h>

#define M 2

void main( void ){

int ik;

double x,y,v[M+1],a[M+1],b[M+1];

double pi,freq,ts=0.1041e-4;
pi=acos(-1.0);



for (k=0; k<=M; ++k) {
v[k]=0.0;

}
a[0]=0.012284;
a[1]=0.024568;
a[2]=0.012284;
b[1]=0.45181;
b[2]=0.49905;
printf(" freq =");
scanf("%lf",&freq);
for (i=0; i<=100; ++i) {

if (i==0) {

x=1.0;

}
else {

x=0.0;

v[0]=x;
for (k=1; k<=M; ++k) {
V[O]+=b[K]*V[K];

}

y=0.0;

for (k=0; k<=M; ++k){
y+=a[K]*Vv[K];

}
for (k=M; k>=1; --k){
v[Kk]=v[k-1];
}
printf("i = %d x = %f y =%f ¥n",i,x,y);
getch();
}
}
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1R

#include <stdio.h>
#include <math.h>

#include <conio.h>

void main( void ){
inti;
double omega,denomi;
double denomi_real,denomi_imagi;
double nume;
double amp;

double pi,freq,ts,phase;

pi=acos(-1.0);
ts=0.1041e-4;

for (i=0; i<=48; ++i) {

freg=(double)i*1000.0;

omega=2.0*pi*freq;
denomi_real=0.50095*cos(omega*ts)-0.45181;
denomi_imagi=1.49905*sin(omega*ts);
denomi=pow(denomi_real,2.0);
denomi+=pow(denomi_imagi,2.0);
nume=2+2*cos(omega*ts);
amp=0.012284*(nume/sqrt(denomi));
phase=-atan(denomi_imagi/denomi_real);

printf(" | H(%5d) | = %f PHASE= %f ¥n",i,20*log10(amp),phase);
getch();
}

IR
#include <math.h>

#include <stdio.h>

#include <conio.h>
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#define M 2

void main( void ){
intik;
double x,y,v[M+1],
a[M+1],b[M+1];
double pi,ts=0.1041e-4;
pi=acos(-1.0);
for (k=0; k<=M; ++k) {
v[k]=0.0;
}
a[0]=0.012284;
a[1]=0.024568;
a[2]=0.012284;
b[1]=0.45181;
b[2]=0.49905;
for (i=0; i<=100; ++i) {
x=1.0*sin(2.0*pi*2000*(double)i*ts);
x+=1.0*sin(2.0*pi*22000*(double)i*ts);
v[0]=x;
for (k=1; k<=M; ++k) {
v[0]+=b[K]*V[K];
}
y=0.0;
for (k=0; k<=M; ++k){
y+=a[K]*Vv[K];

}
for (k=M; k>=1; --k){
v[Kk]=v[k-
1l;
}
printf("i = %d x = %f y =%f ¥n",i,x,y);
getch();
}
}
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FIR VHDL

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity multiplier_16x12 is
Port (
RST : In std_logic; -- reset
ACCCLK : In std_logic; -- 192Fs
A_IN : In std_logic_vector( 15 downto 0);
B_IN : In std_logic_vector( 11 downto O );
MUL_OUT : Out std_logic_vector( 27 downto 0) );
end multiplier_16x12;

architecture STRUCT of multiplier_16x12 is

signal coeff_in : signed( 15 downto 0 );
signal data_in : signed( 11 downto 0 );

signal mul_tmp : signed( 27 downto 0 );

begin
gen_coeff_in : process( RST, ACCCLK)
begin

if(RST ='1") then
coeff_in <="0000000000000000";
elsif( ACCCLK'event and ACCCLK ="'1") then
for i in 15 downto 0 loop
coeff_in(i) <= A_IN(i);
end loop;

end if;

end process gen_coeff_in;
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gen_data_in : process( RST, ACCCLK)
begin

if(RST ='1") then
data_in <= "000000000000";
elsif( ACCCLK'event and ACCCLK ="'1") then
for i in 11 downto O loop
data_in(i) <= B_IN(i);
end loop;

end if;

end process gen_data_in;

mul_tmp <= coeff_in * data_in;

gen_MUL_OUT : process( RST, ACCCLK)
begin -- process gen_MULTIPLIED_OUT

if(RST ='1") then
MUL_OUT <= "0000000000000000000000000000";
elsif( ACCCLK'event and ACCCLK ="'1") then
for i in 27 downto 0 loop
MUL_OUT(i) <= mul_tmp(i);
end loop;

end if;

end process gen_MUL_OUT;

end;

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_signed.all;

entity accumulator is

Port (
RST : In std_logic; -- reset
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ACCCLK : In std_logic; -- 192Fs
C_IN : In std_logic_vector(27 downto 0);
ACC_OUT : Out std_logic_vector(27 downto 0) );

end accumulator;

architecture STRUCTURE of accumulator is

signal B_tmp,C_tmp : std_logic_vector( 27 downto 0 );

begin -- architecture accumulator
process(C_IN,B_tmp)

variable A_tmp:std_logic_vector(27 downto 0);
begin

A_tmp(27 downto 0):=C_IN;
C_tmp<=A_tmp + B_tmp;

end process;

process(ACCCLK)

begin
if(ACCCLK="1)and(ACCCLK'EVENT)then
if(RST="1")then

B_tmp<=(others=>'0");

else

B_tmp<=C_tmp;

end if;

end if;

end process;

process(C_tmp)
begin
ACC_OUT<=C_tmp;
end process;

end;

library IEEE;
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use IEEE.std_logic_1164.all;

entity DFF is
port( D : in std_logic_vector(27 downto 0);
D_OUT : out std_logic_vector(27 downto 0);
RST : in std_logic;
OEN:in std_logic;
ACCCLK : in std_logic);
end DFF;

architecture struct of DFF is
signal Q:std_logic_vector(27 downto 0);
begin

process(ACCCLK)

begin
if(ACCCLK='1Yand(ACCCLK'EVENT)then
if(RST="1")then
Q<=(others=>'0");

else

Q<=D;

end if;

end if;

end process;

process(Q,0EN)

begin

case OEN is

when '0'=>
D_OUT<=(others=>'Z";

when others =>
D_OUT<=Q(26 downto 0)&'0";
end case;

end process;

end struct;
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library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity fir_top is

Port (

RST : In std_logic;

OEN : In std_logic;

A_IN: In std_logic_vector(15 downto 0);

B_IN : In std_logic_vector(11 downto 0);
ACCCLK : In std_logic; -- 384Fs (master clock)
D_OUT : Out std_logic_vector(27 downto 0) );

end fir_top;

architecture STRUCTURE of fir_top is

signal mul_signal : std_logic_vector(27 downto 0);

signal acc_signal : std_logic_vector(27 downto 0);

component multiplier_16x12

Port (

RST : In std_logic;

ACCCLK : In std_logic;

A_IN : In std_logic_vector( 15 downto 0);

B_IN : In std_logic_vector( 11 downto O );
MUL_OUT : Out std_logic_vector( 27 downto 0) );

end component;

component accumulator

Port (

RST : In std_logic;

ACCCLK : In std_logic;

C_IN : In std_logic_vector(27 downto 0);
ACC_OUT : Out std_logic_vector(27 downto 0) );

end component;
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component DFF

Port (
D : in std_logic_vector(27 downto 0);
D_OUT : out std_logic_vector(27 downto 0);
RST : in std_logic;
OEN : in std_logic;
ACCCLK : in std_logic);

end component;

begin -- architecture fir_top

multiplier_16x12_1: multiplier_16x12 port map (
RST => RST,
ACCCLK => ACCCLK,
A IN=>A_IN,
B_IN=>B_IN,
MUL_OUT => mul_signal);

accumulator_1: accumulator port map (
RST => RST,
ACCCLK => ACCCLK,
C_IN => mul_signal,

ACC_OUT => acc_signal);

DFF_1: DFF port map (
D => acc_signal,
D_OUT =>D_OUT,
RST => RST,
OEN => OEN,
ACCCLK => ACCCLK);

end; -- architecture fir_top

FIR VHDL
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LIBRARY IEEE;
USE IEEE.std_logic_1164.all;
USE IEEE.std_logic_arith.all;

LIBRARY ieeeg;
USE IEEE.STD_LOGIC_TEXTIO.ALL;
USE STD.TEXTIO.ALL;

ENTITY testbench IS
END testbench;

ARCHITECTURE testbench_arch OF testbench IS
-- If you get a compiler error on the following line,
-- from the menu do Options->Configuration select VHDL 93
FILE RESULTS: TEXT IS OUT "results.txt";
COMPONENT fir_top
PORT (
RST : In std_logic;
OEN : In std_logic;
A_IN:In std_logic_vector (15 DOWNTO 0);
B_IN:In std_logic_vector (11 DOWNTO 0);
ACCCLK : In std_logic;
D _OUT : Out std_logic_vector (27 DOWNTO 0)
)i
END COMPONENT;

SIGNAL RST : std_logic;

SIGNAL OEN : std_logic;

SIGNAL A_IN : std_logic_vector (15 DOWNTO 0);
SIGNAL B_IN : std_logic_vector (11 DOWNTO 0);
SIGNAL ACCCLK : std_logic;

SIGNAL D_OUT : std_logic_vector (27 DOWNTO 0);

BEGIN

UUT : fir_top
PORT MAP (
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code

ERROR;

RST => RST,
OEN => OEN,
A_IN=>A_IN,
B IN=>B_IN,

ACCCLK => ACCCLK,
D _OUT =>D_OUT

PROCESS

VARIABLE TX_OUT : LINE;
VARIABLE TX_ERROR : INTEGER :=0;

PROCEDURE CHECK_D_OUT(
next D _OUT : std_logic_vector (27 DOWNTO 0);
TX_TIME : INTEGER

) IS

VARIABLE TX_STR : String(1 to 512);
VARIABLE TX_LOC : LINE;

BEGIN

-- If compiler error (/=" is ambiguous) occurs in the next line of

-- change compiler settings to use explicit declarations only
IF (D_OUT /=next_D_OUT) THEN

write(TX_LOC,string'("Error at time="));
write(TX_LOC, TX_TIME);
write(TX_LOC,string'("ns D_OUT="));
write(TX_LOC, D_OUT);

write(TX_LOC, string'(", Expected ="));
write(TX_LOC, next_ D_OUT);
write(TX_LOC, string'(" "));
TX_STR(TX_LOC.all'range) := TX_LOC.all;
writeline(results, TX_LOC);
Deallocate(TX_LOC);

ASSERT (FALSE) REPORT TX_STR SEVERITY

TX_ERROR := TX_ERROR + 1;
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END IF;
END,;

BEGIN

ACCCLK <= transport '0'

RST <= transport '1’;

OEN <= transport '0';

A_IN <=transport std_logic_vector'("0000000000000000"); --0
B_IN <= transport std_logic_vector'(*000000000000"); --0
WAIT FOR 10 ns; -- Time=10 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=20 ns

WAIT FOR 90 ns; -- Time=110 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=200 ns

RST <= transport '0’;

A_IN <= transport std_logic_vector'("0010100001010001"); --2851
B_IN <= transport std_logic_vector'("011111111111"); --7FF
WAIT FOR 10 ns; -- Time=210 ns

ACCCLK <= transport 1"

WAIT FOR 10 ns; -- Time=220 ns

WAIT FOR 90 ns; -- Time=310 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=400 ns

WAIT FOR 10 ns; -- Time=410 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=420 ns

WAIT FOR 90 ns; -- Time=510 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=600 ns

OEN <= transport 'l

WAIT FOR 10 ns; -- Time=610 ns

ACCCLK <= transport 1"

WAIT FOR 10 ns; -- Time=620 ns

WAIT FOR 90 ns; -- Time=710 ns
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ACCCLK <= transport 'O

WAIT FOR 90 ns; -- Time=800 ns

RST <= transport '1’;

OEN <= transport '0';

WAIT FOR 10 ns; -- Time=810 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=820 ns

WAIT FOR 90 ns; -- Time=910 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=1000 ns

WAIT FOR 10 ns; -- Time=1010 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=1020 ns

WAIT FOR 90 ns; -- Time=1110 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=1200 ns

WAIT FOR 10 ns; -- Time=1210 ns

ACCCLK <= transport 1"

WAIT FOR 10 ns; -- Time=1220 ns

WAIT FOR 90 ns; -- Time=1310 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=1400 ns

RST <= transport '0’;

A_IN <= transport std_logic_vector'("0010100001010001"); --2851
B_IN <= transport std_logic_vector'(*000000000000"); --0
WAIT FOR 10 ns; -- Time=1410 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=1420 ns

WAIT FOR 90 ns; -- Time=1510 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=1600 ns

A_IN <=transport std_logic_vector'("0010001000001011"); --220B
B_IN <= transport std_logic_vector'("011111111111"); --7FF
WAIT FOR 10 ns; -- Time=1610 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=1620 ns
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detected. "

WAIT FOR 90 ns; -- Time=1710 ns
ACCCLK <= transport 'O

WAIT FOR 90 ns; -- Time=1800 ns
WAIT FOR 10 ns; -- Time=1810 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=1820 ns
WAIT FOR 90 ns; -- Time=1910 ns
ACCCLK <= transport 'O

WAIT FOR 90 ns; -- Time=2000 ns
OEN <= transport 'l

WAIT FOR 10 ns; -- Time=2010 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=2020 ns
WAIT FOR 90 ns; -- Time=2110 ns
ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=2200 ns
RST <= transport '1";

OEN <= transport '0';

WAIT FOR 10 ns; -- Time=2210 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=2220 ns
WAIT FOR 90 ns; -- Time=2310 ns
ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=2400 ns
WAIT FOR 10 ns; -- Time=2410 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=2420 ns
IF (TX_ERROR =0) THEN

write(TX_OUT,string'("No errors or warnings"));
writeline(results, TX_OUT);
ASSERT (FALSE) REPORT

"Simulation successful (not a failure).

SEVERITY FAILURE;

ELSE

write(TX_OUT, TX_ERROR);
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write(TX_OUT, string'(
" errors found in simulation™));

writeline(results, TX_OUT);

ASSERT (FALSE) REPORT
"Errors found during simulation"
SEVERITY FAILURE;

END IF;
END PROCESS;
END testbench_arch;

CONFIGURATION fir_top_cfg OF testbench IS
FOR testbench_arch
END FOR,;

END fir_top_cfg;
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IR VHDL

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_signed.all;

entity mux is

port (
mux_a: in std_logic_vector(11 downto 0);
mux_b: in std_logic_vector(27 downto 0);
mux_out: out std_logic_vector(11 downto 0);
s: in std_logic);

end mux;

architecture struct of mux is
signal mux_a_tmp: std_logic_vector(27 downto 0);
signal mux_b_tmp: std_logic_vector(27 downto 0);

signal mux_tmp_out: std_logic_vector(27 downto 0);

begin

gen_mux_a_tmp : process(mux_a)
begin
for i in 11 downto O loop
mux_a_tmp(i+16) <= mux_a(i);
end loop;

end process gen_mux_a_tmp;

gen_mux_b_tmp: process(mux_b)
begin
mux_b_tmp<=mux_b;

end process gen_mux_b_tmp;

process(mux_a_tmp,mux_b_tmp,s)
begin
if(s="1")then
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mux_tmp_out<=mux_a_tmp;
else

mux_tmp_out<=mux_b_tmp;

end if;
end process;
gen_mux_out:process(mux_tmp_out)
begin
for i in 11 downto O loop
mux_out(i) <= mux_tmp_out(i+16);
end loop;
end process;

end struct;

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity multiplier_16x12 is
Port (
RST : In std_logic; -- reset

ACCCLK : In std_logic; -- 192Fs

A_IN : In std_logic_vector( 15 downto 0);

B_IN : In std_logic_vector( 11 downto O );
MUL_OUT : Out std_logic_vector( 27 downto 0) );

end multiplier_16x12;

architecture STRUCT of multiplier_16x12 is

signal coeff_in : signed( 15 downto 0 );
signal data_in : signed( 11 downto 0 );

signal mul_tmp : signed( 27 downto 0 );

begin -- architecture multiplier_16x12
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gen_coeff_in : process( RST, ACCCLK)

begin -- process gen_coeff_tmp

if(RST ='1") then
coeff_in <="0000000000000000";
elsif( ACCCLK'event and ACCCLK ="'1") then
for i in 15 downto 0 loop
coeff_in(i) <= A_IN(i);
end loop;

end if;

end process gen_coeff_in;

gen_data_in : process( RST, ACCCLK)

begin -- process gen_data_tmp

if(RST ='1") then
data_in <= "000000000000";
elsif( ACCCLK'event and ACCCLK ="'1") then
for i in 11 downto O loop
data_in(i) <= B_IN(i);
end loop;

end if;

end process gen_data_in;

mul_tmp <= coeff_in * data_in;

gen_MUL_OUT : process( RST, ACCCLK)
begin -- process gen_ MULTIPLIED_OUT

if(RST ='1") then

MUL_OUT <= "0000000000000000000000000000";
elsif( ACCCLK'event and ACCCLK ="'1") then

for i in 27 downto 0 loop

MUL_OUT(i) <= mul_tmp(i);
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end loop;

end if;

end process gen_MUL_OUT;

end;

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_signed.all;

entity accumulator is
Port (
RST : In std_logic; -- reset
ACCCLK : In std_logic; -- 192Fs
C_IN : In std_logic_vector(27 downto 0);
ACC_OUT : Out std_logic_vector(27 downto 0) );

end accumulator;

architecture STRUCTURE of accumulator is

signal B_tmp,C_tmp : std_logic_vector( 27 downto 0 );

begin

process(C_IN,B_tmp)

variable A_tmp:std_logic_vector(27 downto 0);
begin

A_tmp(27 downto 0):=C_IN;
C_tmp<=A_tmp + B_tmp;

end process;

process(ACCCLK)

begin
if(ACCCLK='1"Yand(ACCCLK'EVENT)then
if(RST="1")then

B_tmp<=(others=>'0");
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else
B_tmp<=C_tmp;
end if;

end if;

end process;

process(C_tmp)
begin
ACC_OUT<=C_tmp;
end process;

end;

library IEEE;
use IEEE.std_logic_1164.all;

entity DFF is
port( D : in std_logic_vector(27 downto 0);
D_OUT : out std_logic_vector(27 downto 0);
RST : in std_logic;
OEN:in std_logic;
ACCCLK : in std_logic);
end DFF;

architecture struct of DFF is

signal Q:std_logic_vector(27 downto 0);
begin

process(ACCCLK)

begin
if(ACCCLK='1Yand(ACCCLK'EVENT)then
if(RST="1")then

Q<=(others=>'0";

else

Q<=D;

end if;

end if;

67



end process;

process(Q,0EN)

begin

case OEN is

when '0'=>
D_OUT<=(others=>'Z";

when others =>
D_OUT<=Q(26 downto 0)&'0";
end case;

end process;

end struct;

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_signed.all;

entity mux2 is

port (
mux_in_a:in std_logic_vector(27 downto 0);
s2:in std_logic;
mux2_out:out std_logic_vector(27 downto 0));
end mux2;

architecture arch of mux2 is

signal mux_tmp_a: std_logic_vector(27 downto 0);
signal mux_tmp_b: std_logic_vector(27 downto 0);
signal mux_out_tmp: std_logic_vector(27 downto 0);
begin

gen_mux_tmp_a:process(mux_in_a)

begin

mux_tmp_a<=mux_in_a;

end process gen_mux_tmp_a;

mux_tmp_b<=mux_out_tmp;
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process (mux_tmp_a,mux_tmp_b,s2)
begin

if(s2="1"then
mux_out_tmp<=mux_tmp_a;

else

mux_out_tmp<=mux_tmp_b;

end if;

mux2_out<=mux_out_tmp;

end process;

end arch;

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_signed.all;

entity mux3 is

port (
mux_in_c:in std_logic_vector(27 downto 0);
s3:in std_logic;
mux3_out:out std_logic_vector(27 downto 0));
end mux3;

architecture arch of mux3 is

signhal mux_tmp_c: std_logic_vector(27 downto 0);
signal mux_tmp_d: std_logic_vector(27 downto 0);
signal mux3_out_tmp: std_logic_vector(27 downto 0);
begin

gen_mux_tmp_c:process(mux_in_c)

begin

mux_tmp_c<=mux_in_c;

end process gen_mux_tmp_c;

mux_tmp_d<=mux3_out_tmp;
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process (mux_tmp_c,mux_tmp_d,s3)
begin

if(s3="1"then
mux3_out_tmp<=mux_tmp_c;

else

mux3_out_tmp<=mux_tmp_d;

end if;

mux3_out<=mux3_out_tmp;

end process;

end arch;

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

entity iir_top is
Port (

s: in std_logic;
s2: in std_logic;
s3: in std_logic;
RST : In std_logic;
OEN : In std_logic;
A_IN: In std_logic_vector(15 downto 0);
G_IN: In std_logic_vector(11 downto 0);
ACCCLK : In std_logic; -- 384Fs (master clock)
DATA_OUT : Out std_logic_vector(27 downto 0) );

end iir_top;

architecture STRUCTURE of iir_top is
signal mul_signal : std_logic_vector(27 downto 0);
signal acc_signal : std_logic_vector(27 downto 0);

sighal mux1_signal : std_logic_vector(11 downto 0);

signal mux2_signal : std_logic_vector(27 downto 0);

70



signal mux3_signal : std_logic_vector(27 downto 0);
signal D_signal : std_logic_vector(27 downto 0);
component mux
port (
mux_a: in std_logic_vector(11 downto 0);
mux_b: in std_logic_vector(27 downto 0);
mux_out: out std_logic_vector(11 downto 0);
s: in std_logic);

end component;

component multiplier_16x12
Port (
RST : In std_logic;
ACCCLK : In std_logic;
A_IN : In std_logic_vector( 15 downto 0 );
B_IN : In std_logic_vector( 11 downto O );
MUL_OUT : Out std_logic_vector( 27 downto 0) );

end component;

component accumulator
Port (
RST : In std_logic;
ACCCLK : In std_logic;
C_IN : In std_logic_vector(27 downto 0);
ACC_OUT : Out std_logic_vector(27 downto 0) );

end component;

component DFF

Port (
D :in std_logic_vector(27 downto 0);
D_OUT : out std_logic_vector(27 downto 0);
RST : in std_logic;
OEN : in std_logic;
ACCCLK : in std_logic);

end component;
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component mux2

port (
mux_in_a:in std_logic_vector(27 downto 0);
s2:in std_logic;
mux2_out:out std_logic_vector(27 downto 0));

end component;

component mux3

port (
mux_in_c:in std_logic_vector(27 downto 0);
s3:in std_logic;
mux3_out:out std_logic_vector(27 downto 0));

end component;

begin -- architecture iir_top
mux_1 : mux port map (
mux_a => G_IN,
mux_b =>mux3_signal,
s=>s5,

mux_out =>mux1_signal);

multiplier_16x12_1: multiplier_16x12 port map (
RST => RST,
ACCCLK => ACCCLK,
A IN=>A_IN,
B_IN => mux1_signal,

MUL_OUT => mul_signal);

accumulator_1: accumulator port map (
RST => RST,
ACCCLK => ACCCLK,
C_IN => mul_signal,

ACC_OUT => acc_signal);
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DFF_1: DFF port map (
D => acc_signal,
D_OUT => D_signal,
RST => RST,
OEN => OEN,
ACCCLK => ACCCLK);

mux_2: mux2 port map(
mux_in_a=>D_signal,
§2=>82,
mux2_out=>mux2_signal);
mux_3 : mux3 port map(
mux_in_c=>mux2_signal,
$3=>s3,

mux3_out=>mux3_signal);

gen_DATA_OUT: process(D_signal)
begin

DATA_OUT<=D_signal;

end process;

end; -- architecture iir_top

IR VHDL

LIBRARY IEEE;
USE IEEE.std_logic_1164.all;
USE IEEE.std_logic_arith.all;

LIBRARY ieeg;
USE IEEE.STD_LOGIC_TEXTIO.ALL;

USE STD.TEXTIO.ALL,;

ENTITY testbench IS



END testbench;

ARCHITECTURE testbench_arch OF testbench IS

-- If you get a compiler error on the following line,

-- from the menu do Options->Configuration select VHDL 93
FILE RESULTS: TEXT IS OUT "results.txt";

COMPONENT iir_top
PORT (
s:in std_logic;
s2:in std_logic;
s3:in std_logic;
RST : In std_logic;
OEN : In std_logic;

A_IN:In std_logic_vector (15 DOWNTO 0);
G_IN:In std_logic_vector (11 DOWNTO 0);

ACCCLK : In std_logic;

DATA_OUT : Out std_logic_vector (27 DOWNTO 0)

);
END COMPONENT;

SIGNAL s : std_logic;

SIGNAL s2 : std_logic;

SIGNAL s3: std_logic;

SIGNAL RST : std_logic;

SIGNAL OEN : std_logic;

SIGNAL A_IN : std_logic_vector (15 DOWNTO 0);
SIGNAL G_IN : std_logic_vector (11 DOWNTO 0);
SIGNAL ACCCLK : std_logic;

SIGNAL DATA_OUT : std_logic_vector (27 DOWNTO 0);

BEGIN
UUT : iir_top
PORT MAP (
s=>s,
s2 => 82,
s3 =>s3,
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code

ERROR;

RST => RST,
OEN => OEN,
A_IN=>A_IN,

G IN=>G_IN,

ACCCLK => ACCCLK,
DATA_OUT => DATA_OUT

PROCESS

VARIABLE TX_OUT : LINE;
VARIABLE TX_ERROR : INTEGER :=0;

PROCEDURE CHECK_DATA_OUT(

) IS

BEGIN

next DATA_OUT : std_logic_vector (27 DOWNTO 0);
TX_TIME : INTEGER

VARIABLE TX_STR : String(1 to 512);
VARIABLE TX_LOC : LINE;

-- If compiler error (/=" is ambiguous) occurs in the next line of

-- change compiler settings to use explicit declarations only
IF (DATA_OUT /= next_ DATA_OUT) THEN
write(TX_LOC,string'("Error at time="));
write(TX_LOC, TX_TIME);
write(TX_LOC,string'("ns DATA_OUT="));
write(TX_LOC, DATA_OUT);
write(TX_LOC, string'(", Expected ="));
write(TX_LOC, next DATA_OUT);
write(TX_LOC, string'(" "));
TX_STR(TX_LOC.all'range) := TX_LOC.all;
writeline(results, TX_LOC);
Deallocate(TX_LOC);
ASSERT (FALSE) REPORT TX_STR SEVERITY

TX_ERROR := TX_ERROR + 1;
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END IF;
END,;

BEGIN

ACCCLK <= transport '0'

S <= transport '1";

S2 <= transport '0';

s3 <= transport '0';

RST <= transport '1";

OEN <= transport '0';

A_IN <=transport std_logic_vector'("0000000000000000"); --0
G_IN <= transport std_logic_vector'(*000000000000"); --0
WAIT FOR 10 ns; -- Time=10 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=20 ns

WAIT FOR 90 ns; -- Time=110 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=200 ns

RST <= transport '0’;

A_IN <= transport std_logic_vector'("0000000110010010"); --192
G_IN <= transport std_logic_vector'("011111111111"); --7FF
WAIT FOR 10 ns; -- Time=210 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=220 ns

WAIT FOR 90 ns; -- Time=310 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=400 ns

RST <= transport '0’;

WAIT FOR 10 ns; -- Time=410 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=420 ns

WAIT FOR 90 ns; -- Time=510 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=600 ns

S2 <= transport '1";
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RST <= transport '0’;

OEN <= transport 'l

WAIT FOR 10 ns; -- Time=610 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=620 ns
WAIT FOR 90 ns; -- Time=710 ns
ACCCLK <= transport 'O

WAIT FOR 90 ns; -- Time=800 ns
S2 <= transport '0';

s3 <= transport '1";

RST <= transport '1";

OEN <= transport '0';

WAIT FOR 10 ns; -- Time=810 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=820 ns
WAIT FOR 90 ns; -- Time=910 ns
ACCCLK <= transport '0';

WAIT FOR 90 ns; -- Time=1000 ns
S <= transport '0";

s3 <= transport '0';

RST <= transport '0’;

A_IN <= transport std_logic_vector'("0011100111010100"); --39D4
WAIT FOR 10 ns; -- Time=1010 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=1020 ns
WAIT FOR 90 ns; -- Time=1110 ns
ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=1200 ns
S <= transport '1";

A_IN <= transport std_logic_vector'("0000001100100101"); --325
G_IN <= transport std_logic_vector'("011111111111"); --7FF
WAIT FOR 10 ns; -- Time=1210 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=1220 ns
WAIT FOR 90 ns; -- Time=1310 ns
ACCCLK <= transport '0'

77



WAIT FOR 90 ns; -- Time=1400 ns
A_IN <= transport std_logic_vector'("0000000110010010"); --192
G_IN <= transport std_logic_vector'(*000000000000"); --0
WAIT FOR 10 ns; -- Time=1410 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=1420 ns
WAIT FOR 90 ns; -- Time=1510 ns
ACCCLK <= transport 'O

WAIT FOR 90 ns; -- Time=1600 ns
WAIT FOR 10 ns; -- Time=1610 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=1620 ns
WAIT FOR 90 ns; -- Time=1710 ns
ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=1800 ns
S2 <= transport '1";

OEN <= transport 'l

WAIT FOR 10 ns; -- Time=1810 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=1820 ns
WAIT FOR 90 ns; -- Time=1910 ns
ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=2000 ns
S2 <= transport '0';

RST <= transport '1";

OEN <= transport '0';

WAIT FOR 10 ns; -- Time=2010 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=2020 ns
WAIT FOR 90 ns; -- Time=2110 ns
ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=2200 ns
S <= transport '0";

RST <= transport '0’;

A_IN <= transport std_logic_vector'("0011111111100000"); --3FEO
WAIT FOR 10 ns; -- Time=2210 ns
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ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=2220 ns

WAIT FOR 90 ns; -- Time=2310 ns

ACCCLK <= transport 'O

WAIT FOR 90 ns; -- Time=2400 ns

S <= transport '1";

s3 <= transport '1";

A_IN <= transport std_logic_vector'("0000000000000000"); --0
WAIT FOR 10 ns; -- Time=2410 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=2420 ns

WAIT FOR 90 ns; -- Time=2510 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=2600 ns

S <= transport '0";

s3 <= transport '0';

A_IN <=transport std_logic_vector'("0011100111010100"); --39D4
WAIT FOR 10 ns; -- Time=2610 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=2620 ns

WAIT FOR 90 ns; -- Time=2710 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=2800 ns

S <= transport '1";

A_IN <= transport std_logic_vector'("0000000110010010"); --192
G_IN <= transport std_logic_vector'("011111111111"); --7FF
WAIT FOR 10 ns; -- Time=2810 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=2820 ns

WAIT FOR 90 ns; -- Time=2910 ns

ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=3000 ns

A_IN <= transport std_logic_vector'("0000001100100101"); --325
G_IN <= transport std_logic_vector'(*000000000000"); --0
WAIT FOR 10 ns; -- Time=3010 ns

ACCCLK <= transport 1
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WAIT FOR 10 ns; -- Time=3020 ns
WAIT FOR 90 ns; -- Time=3110 ns
ACCCLK <= transport 'O

WAIT FOR 90 ns; -- Time=3200 ns
A_IN <= transport std_logic_vector'("0000000110010010"); --192
WAIT FOR 10 ns; -- Time=3210 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=3220 ns
WAIT FOR 90 ns; -- Time=3310 ns
ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=3400 ns
WAIT FOR 10 ns; -- Time=3410 ns
ACCCLK <= transport 1"

WAIT FOR 10 ns; -- Time=3420 ns
WAIT FOR 90 ns; -- Time=3510 ns
ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=3600 ns
S2 <= transport '1";

OEN <= transport 'l

WAIT FOR 10 ns; -- Time=3610 ns
ACCCLK <= transport 1"

WAIT FOR 10 ns; -- Time=3620 ns
WAIT FOR 90 ns; -- Time=3710 ns
ACCCLK <= transport '0'

WAIT FOR 90 ns; -- Time=3800 ns
S2 <= transport '0';

RST <= transport '1";

OEN <= transport '0';

WAIT FOR 10 ns; -- Time=3810 ns
ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=3820 ns
WAIT FOR 90 ns; -- Time=3910 ns
ACCCLK <= transport '0';

WAIT FOR 90 ns; -- Time=4000 ns
S <= transport '0";

RST <= transport '0’;
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A_IN <= transport std_logic_vector'("0011111111100000"); --3FEO
WAIT FOR 10 ns; -- Time=4010 ns

ACCCLK <= transport 1

WAIT FOR 10 ns; -- Time=4020 ns

IF (TX_ERROR =0) THEN
write(TX_OUT,string'("No errors or warnings"));
writeline(results, TX_OUT);
ASSERT (FALSE) REPORT
"Simulation successful (not a failure). No problems
detected. "
SEVERITY FAILURE;
ELSE
write(TX_OUT, TX_ERROR);
write(TX_OUT, string'(
" errors found in simulation™));
writeline(results, TX_OUT);
ASSERT (FALSE) REPORT
"Errors found during simulation"
SEVERITY FAILURE;
END IF;
END PROCESS;
END testbench_arch;

CONFIGURATION iir_top_cfg OF testbench IS
FOR testbench_arch
END FOR,;

END iir_top_cfg;
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