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M
A

D
IF

F
E
R

E
N

C
E

E
Q

U
A

T
IO

N
S
:
A

R
P
A

R
T

A
R

:
y[

n]
+

a
1
y[

n–
1]

+
..

.+
a

p
y[

n–
p]

=
x[

n]
(A

ut
oR

eg
re

ss
io

n)
H

u
h
?

P
re

se
nt

ou
tp

ut
=

w
ei

gh
te

d
su

m
of

p
m

os
t
re

ce
nt

ou
tp

u
ts

.
N

ot
e:

C
om

pu
te

y
[n

]
re

cu
rs

iv
el

y
fr

om
it
s

p
m

os
t

re
ce

nt
va

lu
es

.

II
R

:
In

fin
it
e

Im
pu

ls
e

R
es

po
ns

e
⇔

h
[n

]
no

t
fin

it
e

du
ra

ti
on

.
B

ut
ca

n
im

pl
em

en
t

us
in

g
fin

it
e

se
t

of
co

effi
ci

en
ts

a
i.

E
X

:
h
[n

]=
a

n
u
[n

]=
a

n
fo

r
n
≥

0
an

d
|a|

<
1

is
st

ab
le

an
d

II
R

.
⇔

Sy
st

em
is

y[
n]

–a
y[

n–
1]

=
x[

n]
.

W
ill

sh
ow

th
is

sl
id

e
af

te
r

ne
xt

.

A
R

M
A

D
IF

F
E
R

E
N

C
E

E
Q

U
A

T
IO

N
S

A
R

M
A

:
p ∑ i=
0

a
iy

[n
−

i]

︸
︷︷

︸
A

U
T

O
R

E
G

R
E
S
S
IV

E

=
q ∑ i=
0

b i
x
[n

−
i]

︸
︷︷

︸
M

O
V

IN
G

A
V

E
R

A
G

E

A
na

lo
go

us
to

di
ff
er

en
ti
al

eq
ua

ti
on

in
co

nt
in

uo
us

ti
m

e:
d

p
y

d
tp

+
a
1

d
p
−

1
y

d
tp

−
1
+

..
.+

a
p
y
(t

)=
b 0

d
q
x

d
tq

+
b 1

d
q
−

1
x

d
tq

−
1
+

..
.+

b q
x
(t

).

N
ot

e:
C

oe
ffi

ci
en

ts
a

i
an

d
b i

ar
e

no
t
di

re
ct

ly
an

al
og

ou
s

he
re

.

R
E
C

U
R

S
IV

E
C

O
M

P
U

T
A

T
IO

N
O

F
h
[n

]
[2
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]

G
oa

l:
C

om
pu

te
im

pu
ls

e
re

sp
on

se
h
[n

]
of

sy
st

em
y[

n]
–

1 2
y[

n–
1]

=
3x

[n
].

S
ol

n
:

C
om

pu
te

re
cu

rs
iv

el
y

h
[n

]−
1 2
h
[n

−
1]

=
3δ

[n
]=

0
if

n
>

0.

n
=

0:
h
[0

]−
1 2
h
[−

1]
=

3δ
[0

]→
h
[0

]−
1 2
(0

)
=

3(
1)

→
h
[0

]=
3.

n
=

1:
h
[1

]−
1 2
h
[0

]=
3δ

[1
]→

h
[1

]−
1 2
(3

)
=

3(
0)

→
h
[1

]=
3 2
.

n
=

2:
h
[2

]−
1 2
h
[1

]=
3δ

[2
]→

h
[2

]−
1 2
(3 2

)
=

3(
0)

→
h
[2

]=
3 4
.

n
=

3:
h
[3

]−
1 2
h
[2

]=
3δ

[3
]→

h
[3

]−
1 2
(3 4

)
=

3(
0)

→
h
[3

]=
3 8
.

h
[n

]=
3(

1 2
)n

u
[n

]=
3(

1 2
)n

fo
r

n
≥

0.
G

eo
m

et
ri

c
si
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.
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R
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L
E
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N

T
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A
R

M
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:
∑ p i=

0
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−
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=
∑ q i=

0
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x
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−
i]

Im
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t
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el

y
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:
y[

n]
=

∑ q i=
0
b i

x
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−
i]
–∑ p i=

1
a

iy
[n

−
i]

E
X

:
y[

n]
+

2y
[n

–1
]+

3y
[n

–2
]=

4x
[n

]+
5x

[n
–1

]
Im
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en
t
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cu
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iv

el
y
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:

y[
n]

=
4x
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]+
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]–

2y
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]–

3y
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–2
]

N
ee

d
:

3
st
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e
re
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st
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s;

4
m

ul
t-

an
d-
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ds

.
M

at
la

b
:

>
>
Y
=
f
i
l
t
e
r
(
[
4
5
]
,
[
1
2
3
]
,
X
)
;
X
=
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pu

t
ve
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.


