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What are

we going to learn?




e A system has input and output
SyStem (function, transformation, operator)

Speech Recognition System

- e () Howare o

Dialogue System (e.g. Siri, Alexa)

“How are you” » » “I am fine”

Communication System




Linear System

* Linear system have two properties
* 1. Persevering Multiplication

y Linear o Linear "
System Y System Y

e 2. Persevering Addition

— —l yl
ysten X177 Linear Y1y,
Linear Syst
v, ystem
System

X4

X5



Linear? X M—» X2

* Linear system have two properties
* 1. Persevering Multiplication

e 2. Persevering Addition

X1 —> S EN— (x1)?

X1+ X5 (xl + xZ)Z

# (x1)° + (x5)*



Linear?

e Derivative

function f ‘ Derivative ‘ function f’
A4 f=r /

X2 g—g 2X
/ kf = kf'
f+rg-f'+g

3X 3



Linear?

* Integral fromatob

1
X2 §(bB _ Cl3)

function f ‘ ‘ scalar

\ fbf(t)dt

Integral

(from a to b)




: X1 Linear X1 T X
Linear System

System X1 — Xo

* Two properties
* 1. Persevering Multiplication

Linear X1+ X3 kxg Linear kx, + kx,
System X1 — Xy  kx, System kx, — kx,

e 2. Persevering Addition

Linear X1 T X2 (1 + x{,)
System X — X, X1 + x4 +(x, + x5 )
: ! ! System
Linear X1 T X X, + 1 Gy + %))
System x! — x! ;
1 2 —(xz +x3)



Linear System v.s.
System of Linear Equations

1

aA11T1 + a12T2 + -+ a1pnTy = b
A21T1 + Q2272 + -+ + A2, Ty = bo
Am1T1 + Q2T + -+ QmnTn = by



System of Linear Equations

2 LKL TR =L
* | believe you know it.

coefficient
/‘
a11r1 +aexre + - +apr, = b1
m < a2121 + Q222 + -+ + A2pXy, = b2
equations
Am1L1 + Am2 L9 + -+ AmnLn — bm

-

~\

n variables

In this course, m and n can be large



Linear System v.s.
System of Linear Equations

' § g

aA11T1 + a12T2 + -+ a1pnTy
A21T1 + Q2272 + -+ + A2, Ty

K K -
Am1T1 + QmaTo + - + ambxn = kbm



Linear

System

111
211

(yn11

Linear
System

122
|a22L2

Am2L2

Xy

Linear
System

a11T1 + a12T2 + -+ A1 Ty
a21T1 + Q22T + -+ + A2, Ty

— Am1T1 T 222 T -+ Amn Ty

(A1nLn
(19 Ln

N An Ly

A linear system is described by a system of linear equations




What are we going to learn?

Beyond vector
Chapter 1, Chapter 2, Chapter 3 Y

in Chapter 6
f? . 3\
? » 6
vector < > vector
? > » O
\~ _/
Does it have J Does it have How to find
solution? unique solution? j the solution? 3

Beyond 3 X 3
Different view from high school



What are we going to learn?

Change the

Chapter 4
How to describe
this “set”? description

Linear

System

I
.,
*

Chapter 7



What are we going to learn?

* Chapter 5: EigenXXX

Enlarge the input Decrease the input

0.5x;
Linear 0.5x,
System : : :

0.5x;,




Application




Applications

Most system are (assumed to) be linear

Input: voltage source, current source

output: voltage and current on the
Circuits load (k&8 ~ 5[Z&)

Circuit —
6 o—)—— +T
3 Jt _ l
input - _ Tutput
(R—E) Linear System




Applications

Most system are (assumed to) be linear

I_m Communication System

FA

[Ta— e
Transmitter Receiver

ALAN V. OPPENHEIM .
ALAN'S. WILLSKY Linear System

WITH S. HAMID NAWAB




Applications

frequency

ALAN V. OPPENHEIM
ALAN'S. WILLSKY

WITH S. HAMID NAWAB

(R=M2)

Fourier
Transform

:".

Linear System (Transform)
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Applications

y:ATEB H C H NIEHRY PM2.5
x¢: ATEB H CH N-KKRfHY PM2.5 EUHNE

Linear system

Y= WX, + WX, + WiX;

Where do wl, w2 and w3 come from?



Applications - Computer Graphics

Section 7.9 of Textbook
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http://www.c-jump.com/bcc/common/Talk3/Math/Matrices/Matrices.html
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Applications

P336 of Textbook

http://incomebully.com/does-pr-
pagerank-still-matter/
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Linear Algebra is Important
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