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Comparing SND with Least Squares Regression .

"

!
"" " " "" ""* I
[ orange is LSQ min obj.€¥¥¥.

At
Feature

Vector

Difference is SVD used for unsupervised learning
( identifying structure in data

↳Q used for regression

(approximating data labels using
a learned function)

CLAIM : the optimal ve
,
. - -

,
vk can be found by solving

1. v
,
€ a-s max { HAVE ( 11412=1}

2. vz
⇐
as max { HALF 111412=4 Gy7=o}

:
-

k
. vk € a-g max § HAVE / 1144=1 , Gii>=o trick}



Lemmy. If ✗ is an inner
g.
duet space ,

Wi , Wn are lies paces of ✗

Cnonewpty subset closed under t .)

and ddnw
,
> din Wz then

F w,€W
,

sit . (w
,
,wz)=0 ltwzewz

and w
,

-1-0 .

Prat. Look at T : W
,
-7 WE defined by

Tcw
.
) = the f-c- WE such that fcwz)=(w , ,Wz) .

If we , . . - , wk are a basis of W
,

then TCW
,) , . - yT(w←) are vectors in Wz*

whose dimension satisfies din(wz*)=dihCWz)< K .

K vectors in a v. s. of dimension 4k are

theory dependent i F ai
, . . >ak

not at zero

sot . a ,T(w ,) + n .
+ aktcwk) = 0 c- WE,

Let W= air, + r - - takwk.TW/--OC-Wz*.
H

Wto because
Fwlewz

,

(w
,
W'7=40,67--0.

WI
,
.
- ,Wk are a basis

ai
,
- yak

not all zero,

Pnonhggreedyatgouorks . Inductive hypothesis is that

2

✓=/ y! - - ¥1 maximizes HAWKE subj to

orthonormal .by constraints .



Base case 1<=1 : proven Wednesday .

For 1<>1 : suppose W= / ¥4k . - Yu]
maximizes HAWK? subj . to orthonormal.by .

We seek to compare HAWKE with HAUGE
where V is the K- column matrix found

by greedy alg .
Let W

,
= ur space of W

Wz = Col space of V
'

(first Kt columns of V)

Apply henna above : F WEW
, ,

w -1-0
,
sit. twin)=0

for 1-=L, . -yk-1 .

WLOG HwHz=1 .

WL0Gw=w#
F an ortho-med basis of W

, , / µ -
- . yµ=W

"

such - that WÉ=W .

W/=W④ for some kxk orthogonal
matrix Q .

Recon 11M¥ = ⇐ MY = EM ,
i.j

' .j(MÑji
= § (MMT )ii=Tr(MMTJ .

HAW .lt?--1lAWQlfE--Tr(AWQQ@#=ATj=Tr(AWWTAtj--
HAWKER .



Siree KwNy=1 and G. u ; )=O kick
,

greedy chose vk with ✗Ark# = KAWHI .

"

111-4<11,2 .
Induct hypothesis : z

E HAV .tk?-EkHAwillzZ .
i <K

1C

Combine 2 inequalities : ¥,
KAviÑZ.É

,

HAW :/IF

i. e. HAVE Z HAWKE .

How to solve Max {HANI / WIFI , Gui> -0 }?
-

trick

Fact. Any symmetric Matri- B can be

written as B- QDQT such that

- Q is orthogonal
- D is diagonal
- diagonal entries di;=ti are

the eigenvalues of B
- columns of Q

,

Qe; are the

corresponding eigenvectors .



max HAVRE
"
t.hr/1-z=-mn*(AvJAv=y-AtA@Bsb-.Hvllz--1

.

B is square & symmetric ⇒ D= QDQT

man VTQDQ'T
w - QT

sit . 1141<=1

*

max WTDW = Etiw?
Sit. Hull

,

--1
.

St. Ew?=1
.

Opt. is maxtt:} attained when W=ei

✓
= Qw = Qei .

Right singular vectors of A .

Pnnrhlinei are the eigenvectors

of D= ATA corresponding to its

K largest eigenvalues .


