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Example: In section2.3.2we considered a simplemoving averageexample where
the outputy is given in terms of the inputx as

8 n 2 Ints; y(n) = (x(n) + x(n� 1))=2:

The general form of this is theM -point moving average, where

8 n 2 Ints; y(n) =
1

M

M�1X
k=0

x(n� k):

Comparing to (5.22), this is recognizable as a convolution with

h(n) =

8><
>:

0 if n < 0
1=M if 0 � n < M
0 if n �M

This function, therefore, is the impulse response of anM -point moving average system.
Notice that the impulse response is finite in extent (it starts at 0 and stops atM�1). For
this reason, such a system is called afinite impulse response systemor FIR system.

Example: Although moving-average systems are popular on Wall Street for smooth-
ing out random price fluctuations, we will see in chapter7 that they are not particularly
good at this job. It is relatively easy to design much better smoothing systems.

TheM -point moving average can be viewed as a special case of the more general FIR
system given by

8 n 2 Ints; y(n) =
M�1X
k=0

h(k)x(n� k):

Lettingh(k) = 1=M for 0 � k < M , we get theM -point moving average. Choosing
other values forh(k), however, we can get better smoothing (this will be explored in
chapter7).

We can write the general FIR system in the form of (5.31) and (5.32), where

A =

2
66666664

0 1 0 0 � � � 0
0 0 1 0 � � � 0
0 0 0 1 � � � 0
� � � � � � � � � � � � 1 0
� � � � � � � � � � � � 0 1
0 0 0 0 � � � 0

3
77777775
; b =

2
66666664

0
0
0
� � �
0
1

3
77777775
; c =

2
66666664

h(M � 1)
h(M � 2)
h(M � 3)
� � �
h(2)
h(1)

3
77777775
; d = h(0)

The(M�1)�(M�1) matrixA has coefficientsai;i+1 = 1, while all other coefficients
are zero. The vectorb has the last coefficient 1, while all others are zero. From this we
note that the state vector is simply theM � 1 past samples of the input,

s(n) = [x(n�M + 1); x(n �M + 2); � � � ; x(n� 1)]T ;

a column vector. This is intuitive based on our notion of state. State, after all, is that
which we must remember about the past.
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