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Designing Information Devices and Systems li
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« Final Review (part two)

» Solutions to Linear Equations
\ « System Discretization & Identification
« System Stability

« System Controllability
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e Minimum Energy Control

« Principal Component Analysis (PCA)
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Solutions to Systems of Linear Equations
?7 A_: f* 1T AT:J
Cases: T
1. square and full rank (inverse); PR i R =
2. full column rank (least squares, system identification); ,’ﬁ e
3. full row rank (least norm, minimum energy control); // o7
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Solutions to Systems of Linear Equations
jg=AZ: T, = A"y —T

Cases: - —_

1. square and full rank (inverse);

2. full column rank (least squares, system identification); rom '< cr)

3. full row rank (least norm, minimum energy control); .

4. general cases: pseudo inverse, PCA etc. £ M CV“ ,» )
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System Modeling, Analysis, & Control

External World (Real)

Physical Systems
(Continuous Nonlinear Dynamics)

fc(t) — f(a—fc(t)v ﬁc(t)a Qﬁ(t))
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reinforcement learning
or optimal control
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Computers & Circuits
(Learning & Decision Making)

Tqlt + 1] = AqZqli] + Batqli] + €li]
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l¢
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reward or cost

7&) | oo | yli+1]
—) |
Z(t) | sampling | Z[; + 1]

Internal Model

r(Zli], uli])




System Modeling

vl . Discretization (Lecture 12)
T(t) = AZ(t) + Bu(t)
7 mathematical modeling ;
from first principles . _ A(t—to) = A(t—7) 1o
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Yali + 1] = CyZqli] + Datig|i]
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System Modeling: Identification

Identification: (Lecture 13) Z|i + 1| = AZX|i| + Bult] + €]i]
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mathematical modeling
from first principles

approximation
& linearization

Z(t) = AZ(t) + Bi(t) + 7i(t)
y(t) = CZ(t) + Du(t)
discretization
& digitization
Tqlt + 1] = AgZqlt] + Batqlt] + €]t]
Yali + 1] = CaZqlt] + Dgtig|i]

System Analysis

Stability Criteria (Lecture 14)
(t) = AZ(t) + Ba(t) <—
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System Control
T Contr()"ablllty (L7;ture 15)
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System Control

Controllable Canonical Form: (Lecture 16)
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System Control

Design control input to steer the state of a controllable system:
i+ 1] = AZ[i]| + Buli] C=[A""'B|---|AB| B] € R™" is invertible.
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System State Estimation

Estimate the state of the system from observable outputs:

Fali + 1) = ATl + Bagi] <— L], *fi]
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SVD, Low-Rank Approximation, PCA

A=[a,ds,...,8, € R™"™ A=Y o0 =U%, V' J <<
— i=1
Low-rank Approximation:  min HA— BH% subject to rank( ): ¢  (Lecture 24)
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SVD, Low-Rank Approximation, PCA
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Principal Component: (Lecture 24)
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SVD, Low-Rank Approximation, PCA
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Principal Components: (Lecture 24)

Find projection: II(lJaXHUgUgTAH% & IIlljinHA— UgUETAH% < min HUm—EUTZ_KAH%‘
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