Problem 1 (24 points): Consider the four signals:

z1[n] = d[n] + S[n — 1]
z2[n] = d[n] — é[n — 1]
x3[n] = §[n — 2] + §[n — 3]
z4[n] = d[n - 2] — §[n - 3]

(a) (8 points) Express the signal z[n] = {:’ -1, O} as a function of the signals z;[n).
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(b) (8 points) Consider again the signals z;[n] i = 1,2, 3,4 and z[n] from part (a) of this
problem. You are given that the convolution of the signals zi[n] with y[n] gives the

signal zi[n], that is,
z1[n] = z1[n] * y[n]

You are also given that
z2{n] = z4[n] *y[n]

Calculate the convolution z[n] * y[n] as a function of z[n] and z2[n].
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(c) (8 point ok
e 15) The periodic extension of a signal z[n] that has length N, is defined to be
gnal z,[n] that simply repeates z[n] every N samples, that is,
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k=-oc
and z2[n| that are

(i) (4 points) Consider the periodic extension of the signals z1[n)
N =27 If yes

. given in part (a) of this problem. Are any of these signals even for

which ones? X DAJ‘ gzn J+ S[n -']
YiTn]= Str]- Sin-U
[sth Qﬁm[ X ool Xo /"‘% &'(j#” bf >'(h:0“”(";5
A{f@r P;rlool?c Clens o,

Nin] = SLEDAT+ STn2b- ). |
}umw&(])(fbﬂ [ IQV‘ /4 /wéi ; i
b= £ (3024 - SIpk)
h«mzj)ﬁ B 21 T g e

| %
| = for Aps sctol .
9"‘ Xf)»L_"\l]:X/?ZQ]: | y XF:T"‘J (S oven;
X o] = X0 = f | oS g
0/‘ n s 00(0(

§



(i)

.5 Shd
% U = SZ‘“’E] -S["'ij -
2 Xall & (5] C[a34t)
xpeb 2 (3 -z-f/J—SZWB'ﬂ]J
:l }\ Xf;l.l_j =yl

)
.

nsider tl

(4 points) Now €O
(a

are given in part
l?

e perio ic

) of this Pr




Problem 2 (40 points) : The following questions are not related to each other.

(a) (8 points) A one-dimensional linear classifier takes as input a feature value z and

outputs 1 if z is larger than a constant A and zero otherwise.

(i) (4 points) Is this system linear? T
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(i) /('4 points) Is the system time invariant?
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where f() is some€ unknown

{(b)/(l\i’i point
1 nts) Assume that the system y[n] = f(=z[n])
he following systems

function, is Li .
on, is Linear Time Invariant (LTI). Can you determine if t

arc LTI? Briefly explain why.
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(i) (4 points) z[n] = y2[n]
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(iii) (4 Points) 2[n] = y[2n)
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Figure 1: Systegl for Problem 2(c)

c) (2 i .
(c) (20 points) Consider g relaxed system as shown in Fig. 1

(1) (8 points) Can you write the input-output equations for this system?
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(i) (4 points) Is this a BIBO stable system? (explain why?)
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(iii) (8 points) Assume you connect two of these

relaxed systems, shown in Fig. 1,
In series

. ?
» What is the impulse response of the overall equivalent system?
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Problen 3 (36 Points) : The following questions are not related to each other.
(a) (14 Points) Trye or false: Let 7

Cr be the coefficients of jtg associ
exist 7, 7, such that ¢j, and c;,

[] be a real periodic signal with even period N, and
ated discrete-time Fourier series. Then, there always
are purely real. Mathematically justify your answer.
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(C) (14 points) As .
cocflicients )ck. Si?fvzhjfsizzsi:ﬁnodlic signal z[n] with period N you find the DTFS
be thought as the values of a periI:dicca:is’ . Fouricr Series cocfficients ¢ can also
e gnal with the same period N. Lets call this

c[k] = cx
f this periodic signal

Your frie e
nd claims that if you take the Fourier Series expansion 0
he original signal

clk i :
x[[ﬂ];] YZU will get coefficients d,, that will be sufficient to retrieve t
. Are they right? Mathematically justify your answer.
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