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Announcements
1. Messages from Instructor
o Classifiy and Update
o Simplify and Visualize:
» essence, generalize, consider extremes,
= Venn diagram, necessary and sufficient,
» block diagram, G(V,E); graph of a function, algebraic vs. geometric
o Time, Focused Action, Experience, Lession, Feedback, Fix, Growth
o Stop and Think
o Self-Fulfillment and Contribution to Collective
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3. HW and Quiz
o HWO04 will be assigned. Due will be next Thursday.

4, 42| Xt=
o Handouts and annotated pdfs are downloadable from the non-PLMS class homepage at

http://cisl.postech.ac.kr/class/eece233/schedule.htm.
o Recorded CMs are available from cisl.postech YouTube channel. Please place clickable time stamps.
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6. Overview (The numbers are the chapter numbers of the textbook)
1. Signals and Systems
2. Linear Time-Invariant Systems
3. Fourier Series Representation of Periodic Signals
4. Continuous-time Fourier Transform
5. Discrete-time Fourier Transform
6. Time and Frequency Characterization of Signals and Systems
9. Laplace Transform
10. Z-transform
7. Sampling
8. Communication Systems

7. Review
e Linear system
o Def. A system is linear if it satisfies the superposition principle, i.e., x_1->y landx _2->y 2 => ax_1+bx_2->ay l+ay 2
=_cf) affine
» Proposition. (alternative definition) more than 2 signals
= Def. A CT system satisfies the initial rest condition if ...
= Theorem. Given a CT linear system, it is causal iff it satisfies the initial rest condition.
¢ Time-Invariant System
o Def. A CT system is time-invariant if the choice of the time origin doesn't matter, i.e., x_1->y_1 => deldyed x_\
= antonym: time-variant, time-varying
= Lemma. If a CT system is memoryless, then it is TI.
= Theorem. If the input to a CT Tl system is periodic, then its output is also periodic with the same period.
e Linear Time-Invariant System \C

o Example ( 11/
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e Linear Time-Invariant System
o Example
o Generalize?

8. Preview
o Def. the Kronecker Delta function, the unit sample function
= Lemma. A DT signal x[n] can be represented by ...
o Def. Impulse response of a DT linear system
= Lemma. Impulse response of a DT LTI system
o Examples
¢ identity system
¢ delay system
¢ sum
= Theorem. I/O relation of a DT LTI system in terms of ...
0 Def. the convolution sum(mation)
¢ cf) convolutional neural network (CNN)
0 y[n] =x[n]*h[n]
o Implication
O Interpretations
¢ delayed weighted sum of impulse response
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/ EECE233 Signals and Systems

Lecture Note #3
Prof. Joon Ho Cho

Weiss, J. White, and A. Willsky)
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Weiss, J. White, and A. Willsky)

. Covers O & W pp. 74-90, 104-108
Representation of DT signals in terms of shifted unit samples

2 Convolution sum representation of DT LTI systems

. Examples

. The unit sample response and properties
of DT LTI systems

* These lecture notes are based on the lecture notes used in 6.003 taught by |
Prof. Qing Hu at M.L.T. These notes are adopted for EECE233 under the
permission of Prof. Qing Hu.
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Exploiting Superposition and Time-Invariance




Exploiting Superposition = Linearity

W
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Recall that a DT system is linear iff x,[n] — y,[n] for all k impli

x[n]= Zkak,xk[n] — yn]= Ekak.\)k[”]

Question:  Are there sets of “basic” signals x,[#] such that
a) We can represent any signal as a linear combination of these building

block signals.
b) The responses of a linear system to these basic signals are both simple

and insightful.

Fact:  For linear systems (CT or DT) there are two natural choices for
these building blocks the Kronetker delta
Focus for now: DT Shifted unit samples ~ §[n-n,] function Ilgcated at n_0

Next time: CT Shifted unit impulses (/7)) 1,0 Dirad dolia
located at t_0
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2 AWt oJujeA] 9] function©] ©}
Y}, 4=8te] A= function©] oy &}

distribution®] 2} s}o] th&th

Lecture note #3914+ DT LTI systemell tlal] B} A=A w2t} 53] time
domain®l A1 9] property= #l<-t}.

Al note #22] viAUro|A] system©] LTI system® S ©]-&3}0] 012 input—
output example@® Y-E], o]™ 53 inputo] T4 S 71 outputE 1= RS

3l Wkt o] 7] 43z o] ofolr]o] & g3l



output example® -], o{W 5¥H3t inpute| = 42w 71 outputS 7ok A%

3l WGk} 071413 o] ofolyo] & gt

kA example®l A1 2] 341 LTI = linear + time—invarianty < 7198} aL o] = o]
&3k 2ol

LHS—>RHS ©] #4-& wr} A gs] 2w

(yIn)_.n=L(&Inl)_n)

L( (\sum_k a_k x_k[nl)_n)
L(\sum_k a_k (x_kI[nl)_n)
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(\sum_k a_k y_kInl)_n

ojt}.

Re/@tation/Decomposition of DT Signals Using Unit Sample
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x[n]= ...+ x[-2]6[n + 2] + x[-1]6[n + 1] + x[0]6[ n] + x[1]6[n — 1] +...

Important to summand and

U note the “-” sign integrand
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The Sifting Property of the Unit Sample
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A. This representation of x[n] is well defined.

ANEA © % infinte sum®|] YERH 34 5238l of 3f1} vl 8]

0714 x[n] 9l infinite sum< Z} nell "ld] 2.4 3t term%°] nonzero®| =&
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Def. Now suppose the system is LTI and define the unfle_ unit sgmple response

sample response h|n: _
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/ Response of DT LTI Systems
hln]  ——>yln]

x[n] —>

Def. Now suppose the system is LTI, and define the #7it  unit sdmple response
sample response h|n|: =

impulsie response

o[n] hin] (h[nl)_n & DT signal®A4], 50}
[} 721 system®ll Delta[n]©] $19 %
Lemmpa. From Time-Invariance: A= 2] respons¢o] th.

o[n—-k]l—— h[n-k]

Theorgm. From Linearity and Time-Invariance, the I/O rel. of an LTI system is

+00

x[n]= +Eoc)([k] on-k]——y[n]= Ex[k] hin-k] = x[n]=h[n]

k=-o k=—o

convolution sum

5
Q. What is the impulse response of a DT linear system, not necessarily time
invariant?
A. A Q] DT linear system®] impulse responses= (h[m,n] )_n =
L(\deltaln—m] )_n.

= hh(:mj
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L(\deltaln—m] )_n.

, ©] A output®] input¥} impulse response?] convolution sum®©] ¥
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Very Important Property of LTI Systems:
Theorem. The output of any DT LTI System 1s a
convolution of the input signal with the unit-sample
response, i.e. oymls] 13
DT LTI <=> (ylgh_n =
A (x[n])_n *
y[n]= x[n]* hln] = Ex[k] hn—k] (Do
o 2 Aok st
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As aresult, any DT LTI Systems are completely
characterized by its unit sample response
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The statement
"By definition of an LTI system,
the left side implies the right side." i= 384 o &2 A A = o] ol —_—;

Why?

Q. What is the definition of the convergence of a series?
Q. What is the rearrangement of an infinite sum?

Q. What are the definitions of absolute convergence and conditional
convergence of a series?

01714 YAl infinite sum©] Wepupi=d], A2 y[n] o] B5= nell dial 49 (?) g
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Q. DT linear system®| arbitrary input¥ time—varying impulse response
o] IA=?

A. (ylIn])_n=L((x[n])_n)
= L(\sum_k x[k| (\deltaln—Kk])_n)
= \sum_k x[k] L( (\deltaln—Kk])_n)
= \sum_k ( (h[n—k])_n)x[k]
= (\sum_k h[nk]x[k])_n

o|t}. time—invariance implies
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