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def smooth(x):
y = []
window = 10
for i in range(len(x) - window):

y.append(1 / window * np.sum(x[i : i + window]))
return y



Discrete-time
system

x[n] y[n]



Example: Accumulator

y[n] =
n∑

k=−∞

x[k] Σ y[n]x[n]

z−1



Time-invariant and time-variant systems

Time-invariant system:
if T {x[n]} = y[n]

then T {x[n − k]} = y[n − k]

Example: Is T {x[n]} = nx[n] time invariant?



Linear systems

Linear systems obey the principle of superposition:

T {αx1[n] + βx2[n]} = αT {x1[n]} + βT {x2[n]}

α

β

Σ T y[n]

x1[n]

x2[n]

In general:

T
{ N∑

i=1
αixi[n]

}
=

N∑
i=1

αiT {xi[n]}



Is T {x[n]} = nx[n] a linear system?

Is T {x[n]} = x2[n] a linear system?



Causality and stability

Causality:
• Causal system: y[n] depends only on past and present inputs, i.e. x[k] for k ≤ n

• Non-causal system: y[n] depends on x[k] with k > n

Bounded-input bounded-output (BIBO) stability:

if |x[n]| ≤ Mx for all n

then |y[n]| ≤ My for all n

Is the accumulator y[n] =
∑n

k=−∞ x[k] BIBO stable?


