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Announcements
1. Messages from Instructor
o Imperfect classification rule is better than no classification as long as you recognize the imperfection and update your rules.
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 Purposeful practice with 3F: Time, Focused Action, Experience, Lesson, Immediate Feedback, Fix, Growth

Purposeful practice is designed to improve performance, and is characterized by staying focused and positive, setting clear and specific goals,
allocating time during your week, taking on tasks that go beyond your existing level of ability, and seeking feedback.

ZX: <https://www.google.com/search?q=purposeful+practice&rlz=1C1CHBD_koKR89OKR890

&oqg=Purposeful+practice&gs Icrp=EgZjaHlvbWUqBwWgAEAAYZAQYBWgAEAAYgAQyBwgBECAYgAQyBwgCEAAYZAQYBwgDEAAYZAQYBWEEEAAYZAQYCAEFEAAYFhgeMggIBhAAGBYYH|IICACQABEWGBAYCAgIEAAYFhgeMggICRAAGBYYHtIBCDMzNTVgMGo3gAIAsAlA&sourceid=chrome&ie=UTF
-8>

o Stop and Think
o Self-Fulfillment and Contribution to Collective

2. K|tk 2o £=8/2 2 At

- linearity x_1->y_1 and x_2->y_2 => ax_1+bx 2 => ay_1+by 2

3. HW, Quiz, and Exam
o HWOS5 will be assigned. Due will be next Tuesday.

PythonO|L} MATLABL} 22 tool& AFESHA| 1l 22 N A 4H5H]] Plotet SHd2
HELICHE =2 DN FE = XA Ao &3 Z0lohFAM 2.

o Quiz 1 has mean 14.86 and standard deviation 2.9. Your z-score = (your score-mean)/standard deviation.
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o Midterm Exam is approaching.
= Tentatively, it will be taken on Tuesday 10/24 from 19:00-23:00 at LG 102.
» Please let me know by next Tuesday who cannot be available at this time slot.

4. B K=
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
o Def. the Kronecker Delta function, the unit sample function
] : ignal x[n] ca resented by ...

Sum u)e%bﬂ@( del M
o Déef. Impulse resperseef a DT linear system FT&LL (/mt"f* W ngt?wlﬂ,g % Q
= Lemma. Impulse response of a DT LTI system

o Examples <r 1 T3~ r Lr.1 rl \ DT TT7 / V\OVI/(: szﬂb\[%‘_kq
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= Lemma. Impulse response of a DT LTI system

e Sl 5T < 28 [PLAT | 6= Zxhint]

. delay system (i, M;Vl‘\ | P

4 sum M{'}
= Theorem. I/O relation of a BT(L system in terms of ...

o Def. the convolution sum(mation) yL X

& cf volutional neural network (CNN) ) CF) ?GYL ‘((] M o ]C(\‘{; YL x m: ZQ{E’J B\EM"k]

o y[n] =x[n]*h[n] ==

0 Implication
& A DT LTI system |[Hly charactenze?ﬂ;y its unit sample response.

¢ Ex. Echo microphone's impulse response?? ‘/\F’"B = %Oyd + é—g(\f"\"\/\o] -+ %—%_CM“Z’V\OJ g [;y\jQDC/Cx CM])

O Interpretation

: g;layed weighted sum of impulse response * C >>K — 3%9(’[\(_3 &/CSOW{CJ)
8. Preview 2
# sliding correlation of time-reversed impulse respons x@a ’K(APV\J S— :‘_[/\C‘VL‘kJ

o More Implications? =
= Properties of the convolution sum \—Z 7(&] L\GV\'_@
o0 Lemma 1. The convolution sum is commutative. \C‘—%
¢ Implication.
¢ delayed weighted sum of input
¢ sliding correlation of time-reversed input
O Lemma 2. The convolution sum is distributive.
¢ Implication
¢ parallel interconnection
0 Lemma 3. The convolution sum is associative.
¢ Implication
¢ the overall impulse response
¢ decomposition of a system into serially interconnected sub-systems
= Theorem 1. The order of two serially interconnected DT LTI systems can be reversed without affecting the overall impulse reponse of the system.
o Caution

= Theorem 2. A DT LTI system is causal iff
o Def. A system is BIBO stable if
= Theorem 3. A DT LTI system is BIBO stable iff

Understanding what's going on using the graphs of the input and
the output.

Graphic View of the Convolution Sum
Response of DT LTI systems

x[n] y[n]

Unit sample T d(n] DT LTI Lh[n}
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Superposition o1 9T1 !111' DT LTI 1l 11,
x[nl= Y x[k]o[n - k] —DLLLL yinl= Y x[k] hin - k]
k=—o k=0
b=
\ convolution sum
.

1% convolutin sum< (y[nl )_n =\sum_k x[k| (h[n—kl|)_n
2 13 g1, output (y[n] )_n

weighted delayed impulse responses?] §rolt}. delay kW] 2] weightS-

x[klo]t}.

Visualizing the calculation of y[n] = x[n]*h[n]

Choose the value of » and consider it fixed
(bm=o ) y[nl= i x[knln - k] V’l GZ(
Y= 2, X0 hik] S T
I View as functions of k¥ with » fixed
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Calculating Successive Values: Shift, Multiply, Sum
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yln]= E x[k[n - k] ll' T 1 K inte rpretation
e SRS G/ ey
conyolution
y[n] =0 forn < sumf& A4kl
yI-1] = A A
0] = 3
V1] =
W2l =
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4] =
y[n] =0 forn >

ﬂxamples of Convolution and DT LTI Systeh

Ex. #1:  h[n]=d[n] Q. What is the response to x[n] when h[n]=delta[n]?

o

Vinl = 2l =80l = S\ ALKIO[n - k] el
| 2 y
=x[n] — AnlIdentity system xXeV e{;}J

Q. What is the response to x[n] when h[n]=deltaln—n_0]? _@'—-A‘ﬁ
Ex.#2:  h[n]=dn-n, Mo €& MN)

- GQNKN
U= 2010l = 5, ¥R~ e~ =2 FE0 -t]‘ B g e AT

=x[n—na| — A Shift 2—7((\'“%] :CI|J
Q. MATLAB 3}A): Echo mic 2] "& 3} #+&+.. U

©=frx
=|l'o| 0o-
_ _ (A’ Nnl= ' MZO A—
Ex. #3 vin] k-_mx[k] An accumulator G 3 7 o O L®
Q. What is thé impulse response hlnl of this system? o o ©
Unit Sample response ) . M<o '
uln] ( © 9o

hln] =k=zm6[k]= u[n] 1] l l ]
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G #3 v[n] = ?.\"[k]

— An accumulator L{En]: | / mzo
Q. What is the impuls; ;‘csp()nsc h[nl of this system?
Unit Sample response

h[n] = i Olk] = u[n] 1 i
1]

32-10123
— x[n]* = x[k
yp= Xl s nl= 3, k]
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Convolution operation procedure:

h[k] —22 s ) —Slide

hn- k] Multiply x[k1h[n - k]
\\ _Sum | i x[kWi[n - Isy
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ﬁnma. The Commutative Property of Convol@ l
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ylnl= x[n] *h[n]

x[n] ———yIn] hin] ————yIn]
h[n] x[n]

impulse response$} sygtem input< A i interchageabled}t}.

Def.

h[n] * x[n]

The step response s[n] of an LTI system is defined as .

s[n] = u[n]* Wn]= A n]*uln]

f 1

“Input”

Lemma.

Unit Sample response
of accumulator

=TT S = "
nl= E hik]

—\
K k=-0
The step response can be

obtained from the impulse
response by the left equality.

13 "
Convolution sum
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commutativity & ©]-8-3}H,
unit step response s[nl ¥7F

A & interpret® 4 At}
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Q. How can you find the impulse response
from the step response?

A. deltaln] = ulnl—uln—1]. Therefore, hlnl
=slIn] = sln—11].

Q. B4 (addition) o] & -91Q17)2
A.

1. % 710 & system® unit step
function §}¥ ) i response.

2. system?] impulse response
= accumulatorel &3 A7
) 9] output.

SlAlo] gk, +: RA2 —> R ©|t}. %, two variable

function ©]t}.

A Bl f(xy) 9 dFolch

Q. f(x,y) & FolA 53] oj"l 542 2t

= gzl

A. f(x,y) = f(y,x),5 commutatives}t}.
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t}. What about general linear systems?
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1.2. The output is the delayed and weighted sum of the input/IR.
3.4. The output is the sliding correlation between the input/IR and the
time—reversed IR/input.
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Lemma. The Distributive Property of Convol@
)
%(,]j x[n]i{hl [n] + hy[n]} = X[n]* hy[n] + x[n]* hy[n] 22X ( [—64(.)

. "3lte] DT LTI system< parallel systems®
I"%t,(%:aﬁetauon 1mplemertt\at10n°| =

x[n] | — yin] Q x
—~ hi[n]+ ha[n] —* X X
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A. f(x, h1+h2) = f(x hl) + f(x, hZ)

"interpretation" Q1. ©] property+= LTV system
"implication” o| A 1= A F5l=7)?

o] Tastrtar ojv] = Q2. A1 2] commutativityi= LTV
A system®llA] A7 3h=7)2
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ﬂ _?_ u].r_;\] "uL" u].Oi
3

e
e 2x (324 )2 (22 x4

(= g
Amma. The Associative Property of Convolu@
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ﬁmma. The Associative Property of Convol@

fx,y

-‘hl[n] * llz[n]P = (x[n]= Ny [n])* N,y [n]

S-wlol Al WA Al Abahd,
WA system with h1[n]ol x[nlo] g1 & Lo]71A]
(x[n]*hl[nl)o] FH R &} o] & LW system with
h2[nle] Q¥ o & ARg-abd HFE F92 (x[nl*h1[n])*h2[n]
o] Ht}, t}.
o] Al dbso(,ldthlty‘_‘ 01%0}“1
"cascade¥ % LTI system<

o). o]

impulse response”}

h1[nl*h2[n]9l 3}y2] LTI system @& @314 equivalent

sebis 208 ot e, o
Theorem The associativity combined with A=A
commutati e analy:

S Ay Y N Y N

%q ([ T [y By ] = (X0 T[] Ty [n]
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Q. modulator y (t) = x(t)cos(2\pi [_ct)+= LTIQI7}?

Implication (Very specnal

LTI Systeus)
{ 0l (¥ ’&y Lu,\\ﬂ
x[n] -

o han) = 5ln]

égﬂ b hn) «hyfn) - yin)
i (hsdihnd) = (x W ibehd) £

x[n] - haln] A - yln]
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