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, Zl — X l/i = (fll,__ ‘%P) (::J = .f, l/l£+..-r--,[FI/P; (gﬂn—(jﬂcrf:ﬁ:u)nmog

4 1.

IDLe_a: -é/‘cu.g/orm Fhe /ca/rufg §/>aa, €och obsesrvaron

X e//{P Becomes ';D[:r_;je/eg? ((ypa'ca,e@} q>f>)
Then PCA for P(Z)...Ple) S nor-lincar for ;... x,.




&
10} ».:;0'.% oK, o .
e oofes
0.5} o.‘o
ol T
ol & &
“..
®
N e
° e
~1of *%e? A ‘.
_15 !
215  —10 05 00 0.5 1.0




Denote 67 P= < F=) _> € R™? the transformed odata

and K = PP e g™ the Inner ,/Dl‘oazaaf- maja—z}k/

le. Ky= <PE;),PO)S.

@D Assume that P /S centered .

we can compure PCg co.'s/'l:g K 0nty /ﬂof@/

o 5/’5,&4’. veetore of S -—__-——CPT-CD [rve. i Fhe row -
S'/Dau—oﬂ"P/ L. e. V—CPa( Por Come A e R’

| Guv="-P@Y=4Vv

o o 1S an egenvector of K.
LPPTPP A= APP U =D k= (w-1)d k&

AI

Solve Kd= Ao



o A Showto! be normalijed by the Sprtof the e valee

| Uvll®= £TPPLU = LTk =A U1l =1 =D Jllll = L

o The PC Scores for <P are jugt KA A

| 2P -PF = k«.

« To project Plx) onto The PC olirection L/ we
neecd To know o and <LPE),Plx)> 0ney.

Toe)e P py i [ TETEP )
[ 74 Plx) = A SD-SDM = ol /<9n(}r:./'/ Prx)>

& [P PiS not centered Lhean replace K

6y K=Ckc where c=71-417
| $= Pr 50 R=PP=coPc=cke



Kernel PCA

— compure K

—r Compucte. The 7L0p bgenvalee of K [e-l')

— find 1he fop ligenvestor of k (4) ondl Stace fi = L
AI

— Linof Scores 2= kAL
KPCA  relies oney on Klxy)=<Ple), Ply)> thar /S

Called Kernel [function.

E xamples:
Qaaaﬂrgﬁc kerneé k(?f,y}: /4+£DC,_7>)Z

4
l K(x,y) = 1+ 7t _+ 20957+ 22,4 +.. 1 3%yp = <Plx) , <Pf:-/)> for ®lz)= ;_; )
¢

)

G X

—A’/lﬂt—yll

Pobynomial Kernel : K (xy) = (1+ <x, 97)
Rootial kernel: K(x,4)= €



FSNVE (F-dtistributed Stochastic neighbor embedloting)
jz‘yan points X -.- Xn e R
e COompette oliStamend  flxi -l "
o Compute probadilities piy of Selecting neighbors (i)))
(Use Gawssian oLiStr betion)
%/'Vl/n ern be Aoling 2,.-_2,,6/27 /7<P)
- Compete glisStameed [ 25 -2; It
o Compute  probadilities Y of Selecting neighbors (i)))
(Lse E-iStr betion)
Find 2. 2. Swuch fhat  pPiy and 9, are “Similac”
[ Lse k! Zivergence )



Masn fparameter :
o pe,r/;&x;fy/ batances [pcat and g,&fa,e ad7en t7on

tSNVE ve PCA
+ Non- linecar oo for LiSualsz2oton , Capfures

Cocal neigh bowrs
— Slow, Struggles Loith noise , [ess [ntecpretasdle :
® No meaning of the CSNE Cooralinoctes and oliS fanceq
Small odiStances are informrative
o cliedfer f/'je_? are. nof informative

o diStanceS {Lereen clwesters Qe hot (v formodve



UM AP / Unitorm Manifolel PApproximotion any Frojectson)
rven points X ..- Xn 6//?'0
. CONStrucrtS a weightesd K- neighbocr grapé
[L{Sé ”fu22y Scrmpliciae Complex "j
ff'Véh &m&aa&‘ng 2. .. 2, 6/27 /7 4,0)
e CONSTrucrlS a weghted K- neighboowr grapé
[L(Se— ”fu22j Sermplicias Complex "]

Lind 2... 2, Swuch fhat The Jrepts are “Sim fa-”
( tse crogs - entropy )



Two maun pauarmerers :

° N_ heigt bors ) The Mumber of nearest reigh borerg
o min- olist how T19htCr [UMAP packs reighboers
Compaﬁ'lgy fo (SWE, LUMAP /S fadter and
fetter art preserving 172pre fﬁoéa L Crreceteere

UMAP t-SNE

[.L"m"‘%.%ﬁ- -
o TR

M

’\‘l oy
‘ Il‘ 1 o ""::l ot
b ,i' ‘I'f < 4 i Hgt";‘

?a
.,

i (fwr ]
I (AL LR
™ mlyg C‘M',m"f;ﬁ‘ Be N

o/understanding-umap/

ub.ic

o o o con v v G R

Figure 2: Dimensionality reduction applied to the Fashion MNIST dataset. 28x28 images of clothing items in 10
categories are encoded as 784-dimensional vectors and then projected to 3 using UMAP and t-SNE.
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