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1. Building a classifier

We would like to develop a classifier to classify points based on their distance from the origin.
You are presented with the following data. Each data point E’,T = [ y]" has the corresponding label
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Labels for data you are classifving 4

(a) You want to build a model to understand the data. You first consider a linear model, i.e. you want to
find &, B, 7 € & such that I; = eex + By + 7
Set up a least squares problem to solve for ¢, f§ and 7. Hathissproblemsissol EEETSHvEN i.c. find the
hest values for a, 8. . W}r
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(h) (3 points) Plot the data points in the plol helow with axes (x.v,). Is there a straight line such that
the data points with a +1 Label are on one side and data points with a — | label are on the other
side? Answer yes or no, and if ¥es, draw the line.
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Table repeated for your convenicnee: Labels for data you are classifying
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() (6 points) You now consider a mode] with a quadratic term: § 22 ey = fa® with o, f = B Read the

equation carefully!

Set up a least squares problem to fit the model to the data. 11 this problem is solvable, solve it,

i.e, find the best values for @, . IF it is not solvable, justify why. ﬂ %
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Table repeated for your convenience: Tabels Tor data you are classilyving =
“ L
- o I L -
1 A B
[ [ Ig'
[ 2y -
o o &
e A

45 A'F s oaly

a2+ PO

2

safudaz‘:,?
s H-‘ ba&,f-;ldllf o solue Q&!‘
[ Sj

mﬂm&p

qﬁmo&pa&ﬂ i

-
o(r\jl*' i D(n\ff\' o

|

no  beeanse A

&d ATA s ot
(Avernvle

[3 IE'M Ceea, Ginel

s, el Rl
javertble @ 320, Hon bnep

e ﬁlwg -'W‘fPM
— b prove Link odozat NCA\) o o {d

relokee o N(ATA)
> e we baid N s trivied
‘?‘

= NAK = NA) s frivied
—= ATA vs inveriloe

ook Gd o line wlee © 0
en ms-;ole,o«:ﬂ"'ow—s‘“m
otes

solualde T
EWM&QQOQQ'

s o A o b indl
g e

(AT AL

H

‘l/\"( B

-\ % p (F2) + !gf?/)

|> {'I@(’ D

k() + pOO*



(d} (3 points) Plot the data points in the plot below with axes [x;

7). Is there a straight line such that

the data points with a +1 label are on one side and data points with a —1 label are on the other

side? Answer ves or no, and iff yes, draw the line,
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(e} (4 points) Finally you consider the model: ipssspp=sfiudeng, where o, . ¥ = K. Independent of the
work vou have done so far, would you expect this model or the model in part (c) (i.e. w

to have a smaller error in fitting the data? Explain why.
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2. Orthonermal Matrices and Projections
An orthonormal matrix, A, is a matrix whose columns, &, ans

+ Orthogonal (ie. {d;, &} = O when i # /)

+ Normalized (ie. vectors with length equal to 1. ||&@|| = 1). This implies that |&|
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{a} Suppose that the matrix A € RY*M has linearly independent columns, The vector 7in Y is not in the
subspace spanned by the columns of A. What is the projection of ¥ onto the subspace spanned by the

columns of A?
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(b) Show if A € RV*¥ is an orthonormal matrix then the columns, &;, form a basis for RY.
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(el When A < IRY*¥ and N = M (i.e. tall matrices), show that if the matrix is qubengimpal, then ATA —
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(d) Again, suppose A € RY where N = M is an orthonormal matrix., Show that the projection of ¥ onto

the subspace spanned by the L(ﬂllnl“h of A is now AATT, ?
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(e] GivenA e RYM — ﬁ ? ? and the columns of A are orthonormal, find the least squares solution
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