
MATLAB ACTIVITY 4

1. Time reversal

Our first task is to write a function to compute the reverse of a signal. If x = (x0, . . . , xN−1),
its reverse is the signal y with yn = x−n, with the subscript read modulo N :

y = (x0, xN−1, xN−2, . . . , x1)

In MATLAB, however, vectors are indexed from 1, not from zero. That is, our MATLAB
vector x will be [x(1),x(2),...,x(N)] and its reverse is [x(1),x(N),x(N-1),...,x(2)].
How do we tell MATLAB to make this vector?

Forgetting the x(1) for the moment, we need to figure out how to write a vector backwards.
For example, let

x = [2,3,5,7,11,13,17].

How to I get MATLAB to produce the vector [17,13,11,7,5,3,2]? (Without just typing
it in, of course.) The key is indexing. If I type x([3,1,7]), MATLAB returns the vector
[x(3),x(1),x(7)], i.e., the vector [5,1,17]. If I type x([7,6,5,4,3,2,1]), MATLAB
returns [x(7),x(6),x(5),x(4),x(3),x(2),x(1)], i.e., [17,13,11,7,5,3,2]. There’s a
shortcut. MATLAB makes it easy for us to generate vectors that count up or down between
two numbers with a given increment. Simplest, 1:7 gives you the vector [1,2,3,4,5,6,7].
To count from 1 to 7 by increments of 2, just type 1:2:7. Crucially for our purposes, the
increment can be negative – 7:-1:1 gives the vector whose elements count from 7 to 1 by
increments of -1, i.e., the vector [7,6,5,4,3,2,1]. Thus, x(7:-1:1) is MATLAB shorthand
for x([7,6,5,4,3,2,1]). More generally, if N=length(x), then x(length(x):-1:1) gives
x with the elements listed backwards.

Now let’s get x(1) back into the picture. In general, if u and v are MATLAB vectors,
then [u v] is the concatenation of u and v – the elements of u followed by those of v.
Thus, typing [x(1),x(length(x):-1:2)] gives the vector whose first component is x(1)

and whose last length(x)-1 components are the last length(x)-1 of x listed backwards.

2. Shifting

If m ≥ 1, then the (cyclic) shift of x by m (to the right) is the signal y with yn = xn−m:

y = (x−m, x1−m, . . . , x0, x1, . . . , xN−m−1)

= (xN−m, xN−m+1, . . . , xN−1, x0, x1, . . . , xN−m−1).

In MATLAB’s shifted indexing, the shift of x by m is

[x(N-m+1),x(N-m+2),...,x(N),x(1),x(2),...x(N-m)].

MATLAB doesn’t know what the “. . .” means, so the above in bad syntax. By the same
logic as above, though, [x(N-m+1),x(N-m+2),...,x(N)] can be written x(N-m+1:N) while
[x(1),x(2),...x(N-m)] can be written x(1:N-m). Concatenating, the shift can be written
[x(N-m+1:N),x(1:N-m)].
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3. Convolution

The convolution of x = (x0, . . . , xN−1) and y = (y0, . . . , yN−1) is given by

(x ∗ y)n =
N−1∑
k=0

xkyn−k,

where we real that the index on the y must be read modulo N . (If it’s less than 0, add N
to it.) Note that this is a dot product:

(x ∗ y)n = (x0, . . . , xN) • (yn, yn−1, . . . , y0, yN−1, . . . , yn−1).

The first factor in the dot product is just x. The second is a shift of the reverse of y. (I’m
still not going to tell you what the shift is.) Since we already know how to compute reverses
and shifts, we just need to compute the dot products. If u and v are MATLAB vectors, then
their dot product is just the sum of the elements of their componentwise product vector:
sum(u.*v).
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