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EECS 16A Designing [nformation Devices and Systems |
Spring 2021 Discussion 13A

1. Polynomial Fitting

Let’s try an example. Say we know that the output, y, is a quartic polynomial in x. This means that we know
i i lCS N hishnd i it
that y and x are related as follows:

['; / Ypwe  cocffs

y=ao+aix+ a2x2 + a3x3 + a4x4
rlgT N ¢ a~ on —)

\ [ | | Sond ’Ivfm\q uan

X

We’re also given the following observations:

7 o3 | X2 [ x|
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; I L 140 —004
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( C
(a) What are the unknowns in this question? What are we trying to solve for?

QU 01/ /ﬁzl 013/ 01«7

/

W
trwse will descibe the  moded.

(b) Can you write an equation corresponding to the first observation (xg,yo), in terms of ay, a;, az, az, and
as? What does this equation look like? Is it linear in the unknowns? _ ,
Cx‘ '84’) = (@,O , 21 Z‘)\

a: Oo + 0,X & Gy X2+ OgX A A"
= l'mb(‘xlmlfzzaz“cr?a%’LxhaW
l 2%"0 = l'&o = 0'0101{ 1+ 0(07'0('2 + (.0 ?ag'k oeoqh\/l’ \J“‘g, '\]/l,?_o\(

—~ i .
(c) Now, write a system of equations in Sof ay, a1, az, as, and ag using all of the observations.
—
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(d) Finally, solve for ag, a1, a, a3, and a4 using IPython. You have now found the quartic polynomial that

best fits the data! 7

2. Orthogonal Subspaces

Two vectors are X and ¥ are said to be orthogonal if their inner product is zero. That is (¥,y) = 0. < x é{ = x _Lej

Two subspaces S; and S, of R are said to be orthogonal if all vectors in S; are orthogonal to all vectors in
. N—’—
S,. That is, —

(Vi,v2) =0V €S1,v; € Ss.

(a) Recall that the column space of an M x N matrix A is the subspace spanned by the columns of A and
that the null space of A is the subspace of all vectors V such that AV = 0.
Prove that the column space of A” and null space of any matrix A are orthogonal subspaces. This can
be denoted by Col(AT) L Null(A) VA € RM*V,

Hint: Use the row interpretation of matrix multiplication.
\3 -—
Cnown - Col (m‘f) < {bm ) Axan_b& X7 #O}
Nall (AS = ‘{\/1 IAUL\’; 8/ \IlLﬁ?)}
C-Te%l N 13'1 ,L—-V:l == \3'1"(\“\, = O

(b) Now prove that the column space and null space of A7 of any matrix A are orthogonal subspaces. This
can be denoted by Col(A) L Null(AT) VA € RM*N,
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