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Tapped Delay

Details will be found in

https:/len.wikiversity.orglwiki/The_necessities_in_Filter_Theory#Digital_Filter_Realizations

The necessities in Filter Theory

Digital Filter Realizations
Tapped Delay (A.pdf)
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Circular Convolution

Details will be found in

https:/len.wikiversity.org/wiki/The_necessities_in_Linear_System_Theory#Time_Domain_System_Analysis_-
_Discrete_Time

The necessities in Linear System Theory

Time Domain System Analysis - Discrete Time
Convolution (A.pdf, B.pdf)
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Delay C Model

Timing Chart Register Transfer DSP C Model for simulation
array X
77777777777777777 X X[0]x[1] x[n]
register l
wi(n+l) wi
register l array w W[0]|VV[1]|W[2]
w2

ay
l |

yo lyes) y yoly(1) vl

y(n)  =w2(n) y =w2 y[n] = w[2]
w2(n+1) = wl(n) w2 =wl w[0] = x[n]
wl(n+1) = x(n) wl =X w[2] = w[1]
w[1] = w[0]
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|O Equations for the Triple Delay

y(n) =w2(n)

wO(n) = x(n)

w2(n+1) = wl(n)

wl(n+1) = w2(n) D=2,1

y[n] = w[2] I/ get the output
w[0] = x[n] I/ put the input
w[2] = w[1] /1 shift

w[1] = w[O] /I shift

Filter C Programming 7 Young \{\Sgo%g
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delay.c

[* delay.c - delay by D time samples */
[* w[0] = input, w[D] = output */

input

void delay(int D, double *w) Shift to the right by one
{ 0 1 D

inti:

. . . array w w[O]fw[1]w[2]
for (i=D; i>=1; i--) \\

w[i] = wli-1]; W[O0] -

Il reverse-order updating

output
} w[D] = w[D-1]
order of execution W[Z] _ W[l]
w[1] = w[0]
Filter C Programming g Young Won Lim
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Using the delay function

double *w;
w = (double *) calloc(D+1, sizeof(double)); // (D+1)-dimensional

for (n = 0; n < Ntot; n++) { x[n] yin]
y[n] = w[D]; I/ (1) write output | o 1(2)
w[0] = X[n]; Il (2) read input
delay(D, w); /Il (3) update delay line w[1]
}
3)
w[0] w[D]
Filter C Programming o] Young \{\Zgobllrg
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Delay Functions

y(n)=w,(n)
w, (n+1)=x(n)

y(n)=w,(n)
w,(n+1)=w,(n)
w, (n+1)= x(n)

y(n)= w,(n)
w,(n+1)=w,(n)
w,(n+1)=w,(n)
w, (n+1)= x(n)

y(n)= w,(n)

w,(n)= x(n)
w(n+1)=w_ (n),
i=D,D-1,...,2,1

Filter C Programming
(2A) FIR Filter

time index : n

memory location : W,
memory index : i

Wi(n"'l): Wi—l(n)
the current value at w,_,

will become
the next value at W

At timen

At time n+1

10

input

x[n]

(1)

w[0]

w[1]

output

y[n]

f

(@)

3)

w[D]

Shift to the right by one

Young Won Lim
12/20/19



Sample Processing Algorithms for Delay Functions

for each input sample x do:

y =W,

W, =X

for each input sample x do:

y =W,
W, 1= W,
W, =X

for each input sample x do:

y = w,
W, i= W,
W, 1= W,
W, 1= X

Filter C Programming
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for each input sample x do:
y =W,

W, 1= X
fori=D,D-1,...,1do:

W .= Wi,

Young Won Lim
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Holding a delayed input sequence

W, (n)= x(n)
w, (n)= x(n-1)= w,(n-1)
w,(n)= x(n-2)=w, (n-1)

w,(n)= X(n=3)= w,(n-1)

input

array w w[O]Jw[1]w[2]

output

Filter C Programming 12 Young Won Lim
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FIR filter of order of M

y(n) = hx(n) + hx(n-1) + ... + h_(n-M)

Impulse response

Filter C Programming 13 Young Won Lim
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Direct form realization

y(n) = h x(n) + hx(n-1) + ... + h_x(n-M)

X(n) h, y(n) x(n) h, y(n)
| R | 2 Y
% | a1 > w () % | T >
21 71
hl ‘ hl
At wm
71 71
. .
X(n-2) I | w, () ' |
Zl Z-l
h3 h3
x(n-3) w,(n)

Internal state w, (n), w,(n), w,(n), w,(n)

Filter C Programming 14 Young Won Lim
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Block Diagram

y(n) =hw,+hw +..+hw

X y X h, y
—— w[o] > X .§> > " ; o »g) >
44 ° 44
/ // hl
Wit | =X W, i =
/’/ h2
w2l =X w, E
h3
wg] =X W, i P
Sample Processing Algorithm
Filter C Programming 15 Young Won Lim
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FIR filter equations

w,(n) = x(n)

y(n) = h w,(n)+h,w (n)+h,w,(n)+h,w_(n)
w,(n+1) = w,(n)

w,(n+1) = w, (n)

w, (n+1) = w,(n)

W, () = X(n)

y(n) = hw,(n)+h w (n)+ - -

w(n+1) =w_ (n),
fori=M,M-1, ..., 1

-+ h, w,(n)

Filter C Programming
(2A) FIR Filter

w[3]

h[O]

X y
— wl[0] —b% h@ >
i 7

h[1]
w[1] 4%%
i h[2]
w2 =X
i h[3]

16
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Sample Processing Algorithms for FIR filters

for each input sample x do:
W, = X
y = hOWO + hlwl + h2W2 + h3W3

Filter C Programming
(2A) FIR Filter

for each input sample x do:
W, = X

y:hoWo+h1W1+"'+hMWM
fori=M,M-1,...,1do:
W, =W,

for each input sample x do:

W, = X
y =dot (M, h, w)
delay (M, w)

17
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fir.c

[* fir.c - FIR filter in direct form */

[* Usage: y = fir(M, h, w, Xx); */

[* M = filter order, h = filter, w = state, X = input sample */
double fir(int M, double *h, double *w, double X)

{ V%
doubley; —— [*output sample */
>
w[0] = X; [* read current input sample x */

for (y=0, i=0; i<=M; i++)

y += h[i] * wli]; [* compute current output sample y */
for (I=M; 1>=1; I--) [* update states for next call */
wl[i] = wli-1]; [* done in reverse order */
returny;
}
i i Yi Won Li
Filter C Programming 18 oung 12720/1"3
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Using fir

double *h, *w, X, v;
h = (double *) calloc(M+1, sizeof(double)); /[ (M+1)-dimensional
w = (double *) calloc(M+1, sizeof(double)); /[ (M+1)-dimensional

FILE *fpx, *fpy;

fpx = fopen("x.dat", "r"); Il input file

fpy = fopen("y.dat", "w"); /[ output file

while (fscanf(fpx, "%lf", &x) '= EOF) { /l read x from x.dat
y = fir(M, h, w, x); /l process x to get y
fprintf(fpy, "%lIf\n", v); // write y into y.dat

}

for (iI=0; i<M; i++) {
y = fir(M, h, w, 0.0); /I M-input transients with x=0
fprintf(fpy, "%If\n", y);

Filter C Programming 1 Young Won Lim
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dot.c

[* dot.c - dot product of two length-(M+1) vectors */
I/ Usage: y = dot(M, h, w);

Il h = filter vector, w = state vector

/[ M = filter order

// compute dot product

double dot(int M, double *h, double *w)

{
int i;
double y;
for (y=0, i=0; i<=M; i++)
y += h[i] * wli];
returny;
}
Filter C Programming 20 Young Won Lim
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fir2.c

[* fir2.c - FIR filter in direct form */
double dot(int M, double *h, double *w);
void delay(int D, double *w);

/[ Usage: y =fir2(M, h, w, X);
/[ M = filter order, h = filter, w = state, x = input
double fir2(int M, double *h, double *w, double *x)

{
double y;
w[0] = Xx; I/ read input
y = dot(M, h, w); // compute output for (y=0, i=0; i<=M; i++)
y += h[i] = wlif;
delay(M, w); // update states
for (i=M; i>=1; i--)
return y; wli] = wli-1[;
}
Filter C Programming 21 Young Won Lim
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fir3.c

[* fir3.c - FIR filter emulating a DSP chip */
double fir3(int M, double *h, double *w, double x)

for (y=0, i=0; I<=M; I++)

{ y += h[i] = w(i];
int I
double y; for (i=M; i>=1; i--)
w[i] = wli-1];
w[0] = Xx; Il read input
for (y=h[M]*w[M], i=M-1; i>=0; I--) {
w[i+1] = wli]; /[ data shift instruction
y += h[i] * wl[i]; // MAC instruction
}
returny; y = hMJ*w[M]
} w[M] = w[M-1]; y += h[M-1] * w[M-1];
w[M-1] = w[M-2]; y += h[M-2] * w[M-2];
w[M-2] = w[M-3]; y += h[M-3] * w[M-3];
w(2] = wiLJ; y += h[d] * w{l;
w[1] = w[0]; y += h[0] * w[O];
Filter C Programming 29 Young \{\5205'{3
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Address pointer p and incoming inputs

n=0 x0
0
0 p=—» x0
J
0
n=4 x4
X3
X2 p=—» x4
%
x1

n=1 x1
0
0 . p
x1
n=5 x5
X3

X0

X4

X6 <—p

x5

X0

x4

X2

X6

Filter C Programming
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n=0 x0
W x0
0
0
0

p=w+

[X0, O, 0, 0]

n=4 x4
W x4
X3
X2
x1

p=w+

o >

S

[X4, X3, x2, x1]

Filter C Programming
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p=w+

[X1, X0, 0, 0]

n=>5

x5

w

x4

X3

X2

x5

p=w+

[X5,x4,x3,%2]

n=2 X2

w

[X2,x1,x0, O]

p=w+

n=6 X6

w

[X6,X5,x4,x3]

x4

X3

X6

x5

p=w+

©

n=3 x3

w

[X3,x2,x1,x0]

x0

X3

X2

x1

p=w+

n=7 X/

W

[X7,X6,X5,x4]

x4

X7

X6

x5

p=w+

Address pointer p and incoming inputs — linear array view

w NP O

wnN PR O

Young Won Lim
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Internal states over the first 8 steps of n

[wO] [wl] [w2] [w3] sO sl s2 s3 sO sl s2 s3
xO O 0 0 [wO] " [wi] [w2] [w3] xO O 0 0
x0 O 0 x1  [w3] [wO] [wl] [w2] X1 xO0 O 0
x0 O x2 x1  [w2] [w3] [wO] [wl] x2 x1 xO O
x0 x3 x2 x1 @ [wil] [w2] [w3] [w0] x3 x2 x1 xO0
x4 x3 x2 x1 @ [wO] [wl] [w2] [w3] x4 x3 x2 x1
x4 x3 x2 x5 [w3] [wO] [wil] [w2] x5 x4 x3 x2
x4 x3 x6 x5 [w2] [w3] [wO] [wil] x6 x5 x4 x3
x4 X7 x6 x5 @ [wl] [w2] [w3] [w0] X7 x6 x5 x4

~N~No ook WDNPEFE OS
P NWOFDNWOQOQOQ

[wO] value at the buffer w0
[wl] value at the buffer wl

[w2] value at the buffer w2 So p[0] w[2]
[w3] value at the buffer w3 s D [1] w[3]
S) pl2] w[0]
S3 pl3] w(1]
Filter C Programming 25 Young Won Lim
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wrap.c

[* wrap.c - circular wrap of pointer p, relative to array w */

void wrap(int M, double *w, double **p)

{
if (*p >w + M)
*p-=M+ 1, [* when *p=w+M+1, it wraps around to *p=w */
if (*p <w)
n+=M + 1; * when *p=w-1, it wraps around to *p=w+M */
} D
w0 || W+0
w+M w+M
*P
Filter C Programming 26 Young Won Lim
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wrap2.c

[* wrap2.c - circular wrap of pointer offset g, relative to array w */

void wrap2(int M, int *q)

{
if (*g > M)
q-=M+1;
if (*g < 0)
g+=M+ 1;
}
*p *q
w+0 0 w+0 0
1 1
2 2
w+M 3 W+M 3
*p *q
Filter C Programming 27 Young \{\Sgo%g
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cdelay.c

[* cdelay.c - circular buffer implementation of D-fold delay */

void wrap(int M, double *w, double **p);

void cdelay(int D, double *w, double **p)
{

(*p)--;
wrap(D, w, p);
} double *p
w+0 - *p (*p)[Q]
*p Pl
(*p)[1! (*p)[2]
w+D | (*p)[2] w+D | (*p)[3
(*p)[Q]

Shift to the right by one
0 1 D

OO\
N

(*p)[2]
(*p)[3] S
. . Young Won Lim
Filter C Programming 28 - 12/20/'19
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cdelay2.c

[* cdelay?2.c - circular buffer implementation of D-fold delay */
void wrap2(int M, int *g);

void cdelay2(int D, int *q)
{

(*a)--;

wrap2(D, q);

w+0

[
>(.
@)

Shift to the right by one
0 1 D

OO\

w[0] -

S

>(.

@]

+

H
WN RO
S

- | *

@]

+

N
WN RO

w+D \W[*q+2)

Filter C Programming 2 Young Won Lim
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Using cdelay

void wrap(int M, double *w, double **p);
void cdelay(int D, double *w, double **p);

I/l implementing the delay equation : y[n] = x[n-D]
double *p;

P =W, Il initialize p

for (n = 0; n < Ntot; n++) {

y[n] = w[(p-w+D)%(D+1)]; Il write output
*n = x[n]; /l read input; equivalently, p[0] = x[n]
cdelay(D, w, &p); /[ update delay line
}
Filter C Programming 30 Young Won Lim
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Using cdelay2

void wrap2(int M, int *q);
void cdelay2(int D, int *q);

Int q;
q=0;

for (n = 0; n < Ntot; n++) {

y[n] = w[(+D)%(D+1)];

wla] = x[n];
cdelay2(D, &0);

// initialize q

// alternatively, y[n] = tap2 (D, w, q, D) ;
/Il read input
/[ update delay line

Filter C Programming
(2A) FIR Filter
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tap.c

[* tap.c - i-th tap of circular delay-line buffer */
[* usage: si = tap2(D, w, p, I); */
[* 1=0,1,...,D */

double tap(int D, double *w, double *p, int i)

{ _ w w
return w(p -w +1) % (D + 1)]; W+1
} W2
p-w w+3

p w+q | p[O]

p+i p[i]

wl(p—w+i)%(M+1)] = w[(q+i)%(M+1)] w+D

Filter C Programming 2 Young Won Lim
(2A) FIR Filter 3 12/20/19



tap2.c

[* tap2.c - i-th tap of circular delay-line buffer */
[* usage: si = tap2(D, w, q, I); */
[* 1=0,1,...,D */

double tap2(int D, double *w, int g, int i)
{

}

return wl(q + i) % (D + 1)];

wl(p—w+i)%(M+1)]= w[(q+i)%(M+1)]

p[0]

P[]

offset index

¢ 0
1
2
3

4 ..... q

-+
D

Filter C Programming 33
(2A) FIR Filter
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Using tap

double *p;
p=w, I/ initialize p
for (n = 0; n < Ntot; n++) {
y[n] = tap(D, w, p, D); // D th component of state vector
*n = X[n]; I/ read input; equivalently, p[0]= Xx[n]
cdelay(D, w, &p); /[ update delay line
} w w
w+1
w+2
- e p-w w+3
double tap(int D, double *w, double *p, int i)
{ . p[D)
return w(p -w +1) % (D + 1)]; D w+q | p[O
}
|
void cdelay(int D, double *w, double **p);
p+ p[i]
w+D
Filter C Programming 34 Young \{\ggobllrg
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Using tap2

int g;

gq=0; / initialize g

for (n = 0; n < Ntot; n++) {
y[n] = tap2(D, w, g, D); // D th component of state vector
w[q] = x[n]; I/ read input; equivalently, p[0]= Xx[n]
cdelay2(D, w, &0q); /[ update delay line

}

w w
w+1
w+2
w+3

double tap2(int D, double *w, int g, int )
{

}

return w(g +i) % (D + 1)];

void cdelay2(int D, int *g);

W+(Q

w+Q+i

w+D

p[O]

p[i]

offset index

w NP O

Q-+
D

Filter C Programming 35
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Pointers with ++ and - - operators

x=(p) ++ XZHH(P) X= s

x=(*p)—; x===(*p); X = ==*p;

Access % . Update X = ++ (* p):
First X = (* p) ++; First (* p);
el £ .
x:(*p] — X = ( p)!
. " — .
Update X = (*p) ++; Access X = ++ (* p);
Next NeXt
x=(*p)—; X =-=(*p);
https://upload.wikimedia.org/wikiversity/en/1/18/C05.Data3.Operators.1.A.20161219.pdf
Filter C Programming 36 Young Won Lim
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cfir — moving (*p) pointer forward

**p = X; I/ read input sample x
for (y=0, i=0; i<=M; i++) { /[ compute output sample y
y += (*h++) * (*(*p)++);
double **
y += (*h) * (*(p)); g
e, w+0 v
(p)++; . — MR
P
} —
With respect to the initial h and *p
y +=h[0] + (*p)[O];
y +=h[1] + (*p)[1];
y += h[M] + (*p)IM];
Filter C Programming 37 Young Won Lim
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cfir.c

[* cfir.c - FIR filter implemented with circular delay-line buffer */
/[ p = circular pointer to w, M = filter order

void wrap(int M, double *w, double **p);

double cfir(int M, double *h, double *w, double **p, double x)

{
Inti;
double y;
P =X // read input sample x
for (y=0, i=0; i<=M; i++) { /[ compute output sample y
y += (*ht+) * (*("p)++);
wrap(M, w, p);
}
(*p)--; // update circular delay line
wrap(M, w, p);
returny;
}
Filter C Programming 38 Young \ﬁ?go%rg
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Using cfir

double *h, *w, *p; Pl *p

h = (double *) calloc(M+1, sizeof(double));

w = (double *) calloc(M+1, sizeof(double)); // also, initializes w to zero
p=Ww, I/ initialize p

for (n = 0; n < Ntot; n++)
y[n] = cfir(M, h, w, &p, X[n)); Il p passed by address

double cfir(int M, double *h, double *w, double **p, double x);

Filter C Programming Young Won Lim
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cfirl — moving (*p) pointer backward

*(*p)--=x; wrap(M, w, p); /* p now points to sb{M} */

for (y=0, h+=M, i=M; i>=0; i--) { [* h starts at hb{M} */
y += (*h--) * (*(*p)--);

y += (*h) * (*("p) double *p

h--; w+0
(*p)"; *p X

wrap(M, w, p); < W+M
} |

With respect to the initial h and *p

-~

y +=h[M] + (*p)[M];
y += h[M-1] + ("p)[M-1];

y+=h[0] + (*p)IO];

Filter C Programming 40 Young Won Lim
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cfirl.c

[* cfirl.c - FIR filter implemented with circular delay-line buffer */
void wrap(int M, double *w, double **p);

double cfirl(int M, double *h, double *w, double **p, double x)
{

int i

double y;

P =x;
wrap(M, w, p); [* p now points to sb{M} */

for (y=0, h+=M, i=M; i>=0; i--) { [* h starts at hb{M} */
y += (*h--) * (*(*p)--);
wrap(M, w, p);

}

return y;

Filter C Programming 41 Young Won Lim
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Using cfirl

double *h, *w, *p; Pl *p

h = (double *) calloc(M+1, sizeof(double));

w = (double *) calloc(M+1, sizeof(double)); // also, initializes w to zero
p=Ww, I/ initialize p

for (n = 0; n < Ntot; n++)
y[n] = cfird(M, h, w, &p, x[n]); Il p passed by address

double cfirl(int M, double *h, double *w, double **p, double x);

Filter C Programming Young Won Lim
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cfir2 — incrementing offset integer (*q)

w[*q] = X; /l read input sample x

for (y=0, i=0; i<=M; i++) { /l compute output sample y
y += (*h++) * w(*q)++];

y += (*h) * w[(*q)];
h++; w+0
(*a)++; 0 >

1
>(.
o

w NP O

wrap2(M, q); W+M

}

With respect to the initial h and *p

y += h[0] + w[(*q)+0];
y += h[1] + w[(*q)+1];

y += h[M] + w[(*q)+M];

Filter C Programming 4 Young Won Lim
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cfir2.c

[* cfir2.c - FIR filter implemented with circular delay-line buffer */
/Il g = circular offset index, M = filter order
void wrap2(int M, int *g);

double cfir2(int M, double *h, double *w, int *g, double x)

{
int i
double y;
w[*q] = X; /l read input sample x
for (y=0, i=0; i<=M; i++) { /[ compute output sample y
y += (*ht+) = wl(*0)++];
wrap2(M, 0);
}
(“a)--; Il update circular delay line
wrap2(M, 0);
returny;
}
Filter C Programming 44 Young \ﬁ?go%rg
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Using cfir2

double *h, *w; int g;

h = (double *) calloc(M+1, sizeof(double));
w = (double *) calloc(M+1, sizeof(double)); // also, initializes w to zero
q=0; Il initialize q

for (n = 0; n < Ntot; n++)
y[n] = cfir2(M, h, w, &q, x[n]); Il q passed by address

double cfir2(int M, double *h, double *w, int *qg, double x);
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Loop In the cfir

for (y=0, i=0; i<=M; i++)
y += h[i] * w[(*g+i)%(M+1)]; /I used by cfir2.m of Appendix D
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Using cfir2

double cfir2(int M, double *h, double *w, int *g, double x)

double *h, *w;
Int q;

h = (double *) calloc(M+1, sizeof(double));

w = (double *) calloc(M+1, sizeof(double)); /[ also, initializes w to zero
g= 0; /[ initialize g
for (n = 0; n < Ntot; n++)
y[n] = cfir2(M, h, w, &q, x[n)); /Il g passed by address
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FIR Filters using tap and cdelay functions

for each input sample x do:

W, I =X

y:=h,w,

fori=M-1,...,1,0do:
Wi+1::Wi
y=y+hw

for each input sample x do:

S, =P =X

fori=1,2,...,Mdetermine states:
s=tap (M, w,p,Ii)

y=h,s,+h s +--

cdelay (M, w, &p)

'+hMS|v|

Filter C Programming
(2A) FIR Filter

for each input sample x do.:

s, = wld]=x

fori=1,2,...,Mdetermine states:
s =tap2 (M, w, g, i)

y=h,s,+h s +--

cdelay2 (M, &q)

'+hMSM
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FIR Filters using tap and cdelay functions

for each input sample x do:

S, =P =X
fori=1,2,..., Mdetermine states:
s=tap (M,w, p, i)

y=h,s,+h s +--
cdelay (M, w, &p)

'+h|v|S|v|

for each input sample x do:
S,=*p=X,y=h;s,

fori=1,2,..., Mdetermine states:
s=tap (M, w,p,Ii)
y+=hs,

cdelay (M, w, &p)

Filter C Programming
(2A) FIR Filter

for each input sample x do:

s, = wd]=
fori=1,2,...,Mdetermine states:
s =tap2 (M, w, g, i)

y=h,s,+h s +--
cdelay2 (M, &q)

'+hMSM

for each input sample x do:
s,=wW[g]J=Xx,y=h,s,

fori=1,2,...,Mdetermine states:
s =tap2 (M, w, g, i)
y = hi Si

cdelay2 (M, &q)
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tap and tap2 — fetching pli]

double tap(int D, double *w, double *p, inti) double tap2(int D, double *w, int g, int i)

a N N
wl(p—w+i)%(M+1)] wl(g+i)%(M+1)]
offset index
w wW W - 0
w+1 1
wW+2 2
P-w w+3 3
P wa Pl p p0] | < ¢
i l
p+ pli] pli] | <-—q+i
w+D D
o AN J
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cdelay and cdelay2

void cdelay(int D, double *w, double **p) void cdelay2(int D, int *q)
: double **p Int *q
w0 [EDEN  *p-— | (PO w[*g+3] - wl*g+0] 0 = "¢
*p (*p)IO] ("p)[1. wl*q+0] * = "0 wl*q+1] L
(P[] *p)[2] wlrg+1] 2 wlrg+2] 2
w+D | (*p)[2] w+D | (*p)I3] wl*g+2]| 3 wl*g+3] 3
(*p)IO (*p)IO w[*q+0] w([*q+0]
P Q: (PIL. Wl Q: WL
(*p)[2] (*p)[2] w[*q+2]
T (s T WS
\_ /
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Sample processing algorithm ex 1

h=[1,2,-1,1],
x=[11,212,211]

y(n)= x(n) + 2 x(n-1) - x(n-2) + x(n-3)

wO(n) = x(n)

y(n) =wO(n) + 2 wl(n) - w2(n) + w3(n)
w3(n+1) = w2(n)

w2(n+1) = wl(n)

wl(n+1) = wO(n)
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Sample processing algorithm ex 1

[* firexmpl.c - Example of FIR sample processing algorithm */
lh=11,2,-1,1],
Ix=1112,1,2,2,11]

#include <stdio.h>
#include <stdlib.h> /I declares calloc

double x[8] ={1,1,2,1,2,2,1,1}; /[ input signal
double filter();
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Sample processing algorithm ex 1

int main(void) {
Int n;
double y, *w;

w = (double *) calloc(4, sizeof(double));
for (n=0; n<8; n++) {

y = filter(x[n], w);
printf("%If\n", y);

}
for (n=8; n<11; n++){
y = filter(0.0, w); // input-off transients
printf("%lIfA\n", y); Il called with x =0
}
}
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Sample processing algorithm ex 1

I/l Usage: y = filter(x, w);

double filter(double x, double *w)

{
double y;
w[0] = x; /l read input sample
y =w[0] + 2 * w[1] - w[2] + wW[3]; /l compute output sample
w(3] = w[2];
w[2] = w[1];
w[1] = w[O]; /[ update internal states
return y;
}
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Sample processing algorithm ex 1

nxwoOwlw2w3w4011000011110001
22211002

31121101

42212111

52221211

61122127111221-1
80011229000112

10000011

11000001

y=w0-w4

1

0

-2

-2

-1

-1
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Sample processing algorithm ex 2

y(n)=x(n) - x(n-4)
x=[11,2,1,2,2,1,1]

wO(n) = x(n)

wl(n) = x(n-1)= wO(n-1)
w2(n) = x(n-2)=wl(n-1)
w3(n) = x(n-3)= w2(n-1)
w4(n) = x(n-4)= w3(n-1)
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Sample processing algorithm ex 2

wO(n) = x(n)

y(n) = wO(n) - w4(n)

w4(n+1) = w3(n)
w3(n+1) = w2(n)
w2(n+1) = wil(n)
wl(n+1) = wO(n)
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