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dont know D0, make sure the kernel M@trix s positic semi- daf'ru‘_ea

A f«mcta'on k: XxX 2R is a positie dﬁﬁ‘mﬁa korne( [f ondl

only lf there exist some b (hert space. Fanol featwe mop q)oo:xgy
siuch that koxx) = (P PUOTs

Positic semi-defincte motrix s equivalently choracteriied o5
® Forall oelR", ATk 20

® All eigenvaloes are nmwﬂgcﬂc.‘uc
® K= LLT fc/)r some L e R™"
Thn , A fMC‘(’t’Oﬂ k: XxX 2R is a positie dﬁﬁm‘,@ kerne ( ff oncl
0nly I'f fvr oll m2) and x,,-, xm€X , the kernel motrix K s
posieh€ semi- cofincte

Kxy, x) ~ o KO, Xn)
\ N ) ya Mmxm,
*= (L ¢ R

Xm, x) ~ Kixm, Xm)
P_{‘-LD ks a kernel = Kl 2 O

f-f K(x, X = <HDK7,LP(><')§T ,then .
wku:ﬂ-ﬂ uz(‘foo'),KPocj)mJ = Ng D(icp(ﬁ‘)“a: =20

(=1 7=l



® WKaz0 = ks akernel 13 Hitbert space . o koor=Cpoages)
Reproducing  Kernels s
ol!cfine Yo = (xP KX ) 'fof‘ all x )
bt Fo he et qf all ineor combinations 97[ those 761\51%'9.4 s %‘x WX
Sor all xie xme X, 01,0,0mER . Ronge( 1= ( 000 xXy T, litaorty
cexample () KO9xX)= XX xeR? , P = [X'P xx’'d g linear oy x!
ﬂwwtOfatl Y {Q@:xeXT={x P oy - weR's
So £ arlaxdy also in ] O(ah% need to worry obout (Warr*[y
1900l = Jceo, 000> =lkcw 0 =TI =]
W KXz xxt0)’, 2002 (B, I I8 ) er? o w7
Yoo = IxX'b k'+¢)®] €F "feature mop  fw g4, %_WW
T 1t connot V‘Ef/ﬁm 'f“nct‘of\s (ke ﬁx]z-foh?, but this conld he
rem%nted thr‘ou?h near combination 17( P, %0 14’0 ¢F

! 5
p) keoxr= exp (o~ ll=x1%) factions 1n REHS
Crovssion  kerngl, (ingor combination 9~ (G g

o make F, H¢b§{
n
. oli . 3y 5 K - h (x P
w;yr&\lm“ft?:c d@flnz <T——| l&a(x)’},ﬁjgp(){j)é gg mﬁjk X;)
then we have <00, 0D 73 = kox x) =

rcproduo‘nj = <j(/‘€(x>>9=a = :Fov fes,
property <§,o&i Yo, f 7% = ﬂ_l,o(.‘f'(xi)
Ifool= <4, 0075 | < 1 b ool = Trooo Il fll
l{cx)—fo’)l N |<]C,~P(>o-\P(x’);l < llf!ly K0+ Koxxd) ko)
® conplete adel the Limits oef all (ouchy sequences and d&ﬁw. the e
product 20 constivet RRHS F bosed on Fo
nat all feF con be written as %d-'\”(xi) , but can get close
Optimizing in the RKHS
anjmm J__c(f) J(or GousSion  kernel f s in fnfinrtt dimans;on
]L-Il’fﬂéfé VFOCL , [ﬁ’”‘b’ is o problem

F

orgmin Lstf)'f?\”](”’; = iﬁcl: i)
o 1C > oli | 5914 SYM)




0}0\@3"0[ ’fo"l"\i‘ 01‘9“’)1"’\ A(f(?(ﬂ/ e, 'f‘th)) + ?Q ”’f”y)
¢F non- decreasfng (ke O—v\f
. . indicotor fune

the s alution will pe seme Lineor combination af P (xi)
Theorm  (Representer theorem). lf & is an RKHS with feoture
map ¢, then fm— ony fmctt‘onf\ : R™ R ond nonolecreosing J‘chyon
R: R — IRV { =7

QO

A (oo Foxm)+ R (1)

tum into finite dimengson

i1
contoins g slution f= oli Px) i—f Ris strfct(f] increasing then
vty soluctlon 15 7 this '{\)Om'\ )

o con solve argmm A + R ™KL )
olelll f(xa)' %u\ kexi, ¥y)
andthen f i’,d <)
Pf.

A(f(m,x L foxw) = 7AV(<‘F‘€(K|)73 o <A O onall to
Let Fu=span ({@0w: 1)) = (T oudx) « XER [ dots
(et FL = orthogoral subspoc vf Fit in F

jnég:n , Jre F,  then (ff;; f_;_?y 0
¥ TEF, e fxozs i enrE = < fuo
AN f ()(l)f f (KJ::)) = At //(Kf( ]Cl v t (k) hw')/l(j lo;%f;
ufn; oy ]Cu'f'gﬂul;z -nj,y? tIfulls -+ 2 <o, fL
O

a[wagg o olution in Fo hﬂvf‘/\ﬂ nomemﬁ

does not L%, R
Bg Kernel wdqe regression
s M
argmin 15 (fy + AN I3 L= m & (foxo
fe:a:
§ m
mm : T
orgrin < £ [ £ oty ko, - 30" ok

= ovrGmn T_Y\ “ Ko(-wP/ + Ao KO(
IR oL - 2Y ks T YY



= orgnin o T (ko m>\l)ol 24K &k
eLél

(et grodient=0 ZK(K+mo\I)o< =2kY
*= (K+ma1) Y

whet kind o][ things kerrel con /Ca}'\‘t clo !
Lo dermacher Gomp(ﬂﬁt(j
TeF, RKHS 'for kernel . KxxHz2 CP(X), ) 75

Jex—R
He= {f<F - IIfly <B Hool=|< £, Yoozl < ]l Il
M- Rad | Ha [sx) = E SU[’ Toiqixd  1Pwll? = <)oo = koxox)

cr ]”u B!
5| 1<(g<f 10‘. (P(X\»a:
<BE[fo Poolly
< B g;nim;ﬂx;)ll;
=B J% ““Q(XA)H; = B) I K(X2-X3) :l’forgwsgq‘aw kernel

Rad (Hp lsx) < T’%—X ™ ;k(Xe,x;)

lLec  Universal approximation

includes all limkting values "f ponts Ludilan Spoa
X is a compact metric spoce e a closed bounded supset ov( //Qd co.17!

C(X) is the €Fa02 continuous funct,bng X 2R

with e = sup | £l
fllo = sopIf
unhversal ap'@)roxil'/w\‘f‘oﬂ
P@’f (universal kernel ). A kemel K= X=X-=R s universal rf s

PKHS F is dense in CCXD) -
Vg € C(x), Y420, 31€F st g {llso = syp|aoo~ <4
9 5l g1 Kégj\f} fo |



ﬁmﬁj fincte  dimgnsion  kerel will opproach © fq[ X = bo
(ineor kernel is not universal
P’fﬂf~ For oy wniversal PKHS , VCdim (F) =2
Let VW €X be campoct , disjoint sets. let K be unhersal
Then Qfe?,‘ st. ¥x eV, foos0
¥ xew fegco
= which meons  \JC dip (F) = o

PE Lot distu(x) = iy (1 x-vll
lot 00 = dist, .00 — distv (<)
I dist.00t digt~(X)

Shot'd'en'ng

bxe U guo=1  (distut)=0)
Uxe W 9=  distt0=0)
then a{éa‘*%“{—g“wq sepavats compoct set
Pcop,'r:or oy universal PKHS , Rod (F [s<) =02
for any Ti , con fird some volve thot are posttivdy correloted .
50 Rod ot (gest positive. I‘{ mv\L-(:iT?% t by o (o really Lo‘na&)
then the whote tha is scaled bj o thus Rad (Flse Is infirte

univergal appfoximata‘on af newo| networks
'IE‘X) = f(mod D (ayers Rel@; = (max (21, 9]¢
foo = Tk (wef"Gothe)  fuo = x Tu@= (A (2 5000
Thm LetgiCO,IJA—NQ be ¢-Lipschitz . For any €20 3 a two-layer
net f with one hidden loyer with A= T—;L] LTU unrts

ond a linear owtput unit ceiling fumc
5~T1 n ]Lg”oo é é .
Pt For t€to, N9, let bi=7 /|
— {
bo=0, blz%, A bN—\:(_F_"])/<' ¢
(0) 0<X<b (4/] 1 a6 ok K ‘E

T T
‘{(X)" 9 () b1¢X <br plece-wise  constant aﬁroximﬂwn

9;b~-\) b}\r‘fx Q ‘

A=l
ﬁm Emﬂ(xz be)  ay=9W), a=qlh-ao, u-,‘fac: Gbr), ai= 9o~
=] =0



for ony input x, (et Kk=mox{i:bigx ], then

[ qo9~feal< [ 909~ 900 [+ g b~ fbal + | fibo ool

¢ 0
N F‘X‘bklsp? =7

ongther way 4o shew unikrsal
Thm_(g"kone~ Weierstrass) i-f ¥ o{ -fw\cu‘ons X—R wtﬁfﬁe} :
D, >~ €c(X) continuous
» Yxe X, If ¢ F with foo+0
». F is on algebra = ¢ f.g¢7F, vae&{ olf+3 cF
T9= P fooguo) €F
4. F seperotes points UX, x€X with x%x'. g—fe? wrc{/\fﬁx)zrﬁ;@
Then F is dense in €00

N
WP&?:{X\——J rzz[ Qi 2xP (Wi-X) « N=z|, V\S\/“‘,\AJNG/Rd, o, Oy GIQ]
Feq i5 densg in C(XO
V. contnuous v 3 ‘f(xﬂ—‘o (x| JgF v afzrg €=

Y f@: ﬁful%exﬂwzwj‘)w €F

1=l 7=\

X1 Us X2 2 USe {090 @xp(0i-xa2X)

foo - @@XIT-Xx) e:cio(llx|l|2+l|)<>\l?’->_)<axz)=€)<{>dl><\-xulp‘)4‘I
{u«,) exp (XXl >)

MLP opproximatiOn = Fy ={x— %aicr(wi-xy 15 W1, Wi €RY, gy v AR )
T:R~IR i85 continuous with lm,—o o(2r=0 , Limg—++eo(2i= |
O use € Lo to approimete g s llf:,—f]”w 53
O unse tingor combination {‘fo“ st exp() = )} ¢ olty2)
then replaw each exp(wix) int. by LG ot Wix) to find
fe %o - I~ i 3 fo 29 00 '
this also holds f{ 9 is anything but polynomial
becouse  lirear combingtion af polynomials 07[ o/e7me d is als dcggmo( )
can's approximatl ony fnction Cneus €o be arbitartly high to do thix D



Circuit comptex.‘tg
Two - layer network , threshold activations,
can represent allﬁ . &']d——)i}
- might take  exponerttial width to de it
- f][ g can be computed intime T, 3 a retwork 6{ S'x
O(T™ thot implements 9
there exist{ doesnt mean we can Tond 1t

I¢ BRM enough 7
- BRM s NP-hard to compute for AN
foo = Pel (o x) with square (oss is AP-hord
. Onifarm convergen (e BRM bound s miy}re not be goocl QV\ouﬂ}\
VC dimension parom cowting bourd T .
P porams P deprr}‘ Rel U (pecund Jse’—unzar)netl/ b"ﬂ O : lass than aciuat
VCdim = OPp (Oj{’), Q/L‘PploﬁpO) bl\j L grester thon ezl‘ua(/":,
(N progiCe, mare params mprove Wa(fgg{t‘g}i‘“ ______________________________________

but wors¢ howndc :
DN hag (ats of parame 1 @ de

Radermacher comPLQxi‘ty ) Covering number - tond ¢ b8 Vacuous

o ERM mn‘ght not a@nm(hz_ well



L@(, §tab\bf:tj ) ngu[ar(‘w\‘t“on , Con\,ex vab@m_s

Reguwm‘z,ed loss minimi2ation Lagrange ducl

arﬂmm Lech)+ ARCh) c«*gm.‘n + Lstho
heX h: Q(h)ﬁ;’l,B)'

karnel mlqg regmasﬁim
arjmin L?CM t 'zL)\llhll; argmin ’&U\)

e bl <8
Y,
§ﬁ(ﬁ/ S M hl‘vqu N ' hmge
argmin - S (W) + %N(MI; argmin L (h)
¢F he [[ hlly< B

Vile versa

equivaent in the sense thot ’fDV\O}'\j X there s some B 5.t they are thesane
eosier to —ﬂwd some A\
Mt Vortlon W«fm‘(mré JF( boumdl‘V\j BAM  with unffvrm CONPIRACR

we want a “steble olgorithy ; .[J( Sx=S5, A=A
the algorithm is hot very sensitie to the small change Tn somples

implies a gnall H
in RLM ., R(h) could be wen as a stobilczer

S=(@, 0, 2m) S0 = (2, B R B, )
Theorem B Ll (A~ Lscasy) = [ LA 20 -Liaw) 29)
s~7A vad" gereroliao tion Hralnd
A could be vandom ¥ Gam (@) ervor "
but. Indeperdert of doto A error
eg LGP

overagl _
Qf/f (stobl ) A i[5 4em)-on-aueroge-reploce-one stable tffm”aﬂ D
& C(,(A(g'@'),%.‘) ~ LA, 2] < sam)
s~ 2P
tvaifer), A

avarage -Ccose Waa‘zata‘on ja}y



Dé;r (un'fomxhj stoble) A s ﬁ(m) -Un foﬂm stob (2 [ﬂf fwablmal

Stronger Sup |E/UA(S Z,z) E&A(S?,ﬂ/‘ﬁ(ﬂ))
nation SéDM A

Thm (uniform /5tab'fb'*tg) Lerobd , Ay ﬂanrum'fprm e,
wrth frob > [-§ ECLD(A(S))-Ls(A(S))] B+ (mpm+ bﬁa),/""l%z

over ¢~DM
f A s ﬁcm)ﬂnf«]%m% stable , 1% a\cmg@r\ep(aco; ong  Stable
let -F(g) E Ty (A= LsCAsy) € BLUAS 20l 2]

If Als [»’crm unifarmly stable. Ef1)< oM.
W uwe CUZV\ use  McDrormid s 1/L€?uo[rty L7[ fﬂS) /’Ia; bosmoleo( cl/ﬁ/erencz

| s - f(s‘”’ = [& =Ly - Lok + L5 <1gu<h)~ucml+1gmm Lin)|
N |5l 50-60 15 -
Assume LeCobl, (o h=Ac5, h'= Al

0 (ELDCN) ELo(h)l = HE i,z -4k, 2]
[g{(h‘ 2)- %‘Uh %)l

s @(M)
o ILD,.L;(M—EL;GZ (hh| <7 mzm&h 23)- Mch zg)\+mf®uk 4)- Euh' )|

e
< ,g(mu— b‘g ﬁrsboundﬂ“

Cow\bmz D +Y
f has bounded dfﬂ; wih rote  Ci= 2F(rv‘)+

2 with prob ot ot F ovep s~J”
'RS) Eﬁswr C ,J (09 § ﬂ(mH(_lmﬁ(m?-rb-a) .) cjg
)'f P Olecayf with m they 'ﬁsz duajy Q-J—-'

Convex -Rmcﬂoy\
sz( onvex et)  set C <X is convex /7’ for all xo,x,€ C andl aeto.



instead o‘@ﬁ/\e a restricted domaln , we dafmg 74)0:60 »,far X outyf
domain - domf = (XéN:fm Coo]

90{ ( convex f(mctfon ) A finction 7[ > X=RO (o=] is called
. convex iﬁl V2 x, €X . aego,l) {(w)xqwx\) < (Fol)f(xpmoaf(x\;
' M-strongly conver, - ‘{(U‘DU)(o’fO(X\)S (Fol)f(x‘,)wfom—émd(m lhx-goll*
¢ strictl,g convex .o {((kmxowx\) < (Fol)‘f(x‘,))ro(foo)

if eFl's differertiable,  fis
- coNnvex i# VX, x’, -ftx’Ja foH (vfﬁx), x=x2

o m—Strongly conver, -ftx’) 2 foo—f (Ufﬂ», xox M|l

Lf «Fl's cgnt?mmus(y dfﬁwn‘t\‘ab(a, 1[ is
+ convex, i{f yxoxt,  <ofoo-ofud, x-x>20

0 m-S'Dronng conver, (0'{()0*&7'[[0(), x-X2% m“)(»x’“z

Iq( rFis Contlmmus(j twice- dfﬂwwt\‘ab(a, 'f Is """""""""""""""""""""""""" ;

: >y |

- convex, iff yxoxt, 0f9 0 g pyesm -
s : B
e M-strongly conver, V'fW = ml 54 zb & AB=o

RLM s Sften um"f\vrmly stable inder some  conditions

f“"; Le o+ AR
‘ COT;\U@X str\mglg cnex (st to |- wmghj conex hee)
- fy (rfe - few+ fp- s 5557
fstn-fsg) = Le 0 + AR = L¢ (9 = ARY)
= £ e @ +‘n’o(f(h, 2i-419,2))+ %(1(9,5’%{0\/2’))
et T iz ez ond By miniwizg £ . o folhy - fsM <o
W= Acsier, eangnin fsrez'(h) N A

C
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A?’(;(R)A=O as f; s co:\\/Ex L/O - \J\/—fﬂ\‘

© {ch—fedy 2 <ofschy, R-R5+ 2AIRRI

D+ gwes A A -~

LAl T T%M(h‘, 2~ 02t %(L h, 2 -l 2) \

Asume Y2, )w{n\ 2 ¢ Lipschits, then IXIRR P IR Rl

= IH\ ht - fY‘?\ 2 use Lips  twice
f&
> h,22- Lk, 2o(¢ Ny
LONUeX + Uf)Sch.tz LM s ﬁ%—wﬂfwn\(ﬁ staple

Assume L 1 non-negetive

EF,Lo(Acsn ELscA(53)+ < Lo (F9+ MUK +-Hb-
LS(ACSJ) oLgcAcs»H\R(Acv) < Ls(W) 4 NR)  vRey
?MA(») < Lo (K + NR (W)

Agume R (h™) € ip* how o meVH 2N to 9ot god fmodel]
ﬂ’:,LD (A(SD) S Y\‘F U(h)+ }_7\3 t+ — LPP rx+ 32’ >2eb (20

he R ¢38” 7 p
| o LE -_t”,}
miv\?mmthz N - j; - B-t]8

bow’\ bj ‘D‘Fﬁ
Bloans nf Loty BPIE  PAC asrning

he Rt 48~

How +o choose A In pPractie [4 gp>  CONStat N can conerge

LoCh)+
E.Lp (A(s) £ '"’f ( NN but B oshrinks , cantt (omMpore

he Rmz;\*f:p)

D\Cﬂr’\b&ﬁ , or A& (Q:ti

every ‘(’}U‘Vlg mY,

L d
<o moke B onstaty = A i Yé(;_,\)
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Lec Grodient  Descont
Gp ries to fnd mip {0 stare of wi, then uprhite
Wt = Wt- f)tV (W) ’]F:W—HR . W le
repeat T steps  then veturn
(ast (terate = WT
L T
overage (terpee > T Lz Wr
mf’t Wa"& : W% : % € orgmin ’ﬁb./f/) ;s We {UJ/ "y W'rj
«€T7)

Assume ¢ independent «yf dlato

whot l"T W (§ optimiwed n conStrained gpaxca,?
ijectz(/‘ Ciradient Pescent

dzﬁne projw (W) € afgm{nw,eW”W—w’” f”‘d thb ¢ ogest point tn the set

Thm, If YW is closed and convex , Yv eWw, | projwtw)'\)llfﬂw'\/”
Ilprojyu-vl el noN-Convex

. W

S,

v
(W)
R « W PO S| Prcj o0 ~I| 2 flw-~vl

whot ff the ]/unctt'oﬂ isn’t c/f#efenwob& !
) ubgmdt‘errt descent f
subgmdt‘ent: s(ofaa\f planeg thot (ower bound jC \ /
convex ffunc-(;c'on < has wbgmolc‘ent ovefevcy pofn’c
conyexity : f(w'/ = ﬁw} + <Ofl(,\))/u\"~uv>
{(subgmdt'ent), g IS @ Subgrao(rent orf f ot w (j’
V', f(w’) 2 T(wW 1 <9, W-wy

The subdifferential s*f f ot w , o’ftw , s the %tof oll subgradierts

of for



Prop I Lf' f{s conex ond ol.'ﬂerentfab(z af QfW): {VJU(W)J

Pmpz fis Convex 7‘{ Yw., dfuﬂ) 1S non-empty
prop3. If ’f iS f» Lipschite » Yw, Vge df [ gll <P
PEVW in the jnteripr a{ domain gfj’ st ge df(W)
P = f(w%—éw) J{w) z (9. 6“3") = £“9+g = <qll
[)m()q? let ]U(w) max f W), [xl<de , @och f( is convex.
Yw, lf Jeargrnax f((w) then aﬁ(w)c GJF(W)
P{, 9¢€ dfjcw) , f’(w) /JCJ(w)a fj(W)‘\- (g, w-w>

= fw + <g, w-w>

Stochestic ( proJected) Csub)gradient  descent

Lgmma LQt v: VT b2 an orbl'tfaﬂj {Q(iu@na& W+l = prOJw (va)Vt)

Then I Culs— w Ve € 3%1- lwe Pl + 2 £ lvel™
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\

< J"“V\)(‘b\) “ + ;;“\H/”

Pf{)&c’cﬂd GD  bound
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e W ]ﬂis Con\/ex ond 0- Uipschit=
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Qe Jf(‘*’t) -f(wm— (uJ“) < (Gt Wt~ WD
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& W



L]( = ’%i—;’z :pB—\)-f) —ﬁ@)—ﬂ\,\ﬁ‘)g% me‘@ﬂ leqrning rmq

56.9 bow’\d 7etan a\ﬁ(\age direction 972 g“adlbntz
f)= H T fio + xR fuw = Achw, 200
fw)_ E f(hw,z; Lo (hwy | st G, oy be depedert o5 § w3,
Ssume 3Jclw+, ore mdepeno(ent of each sther  USe (ota only av\eFas/(
Weri= prog (we—Ge) for E LG 1w € )
Evfttu)' Evl(hw,h) = OH;Ukw &)  unblased gredient astimotor
unseen 2 ‘/I/\r;/
Gve =Gy Ger . Go)
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BT pondomness i Wdat& - g{(wﬁ»{cm -fa«ia ‘ﬁ'w)
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124 31@1 —S::L@tlﬁf -+)
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B Lo fu ] < LE[J- { Cut-ur o]
9M >¥|Tu”“' *”“’"i E“g«—,ul

lec  Non-convex Optimi2ation
3 loyer NN :
hw()() = Wy a(wW, X) Tt {inear model
h-w9 = Wy ¢l-wix) = hwoo
Lsthw = L (hwxi)-Y:)™



ITﬂ convex ((}]o,g)ﬁ {/(hw,z’J s (Z( hw, 22 Uhw.2)  doesnt hotd!
So Aecr Unear mode( s not convex

Pef (f-smooth) . A —ﬁmc’ctoh 7[1‘5 - smooth U/ fis d{ﬁenzvm'ob(&

everywhem, ond 3mdfent vf IS p—b‘psc}u‘ta

P(Of. lf {1‘5 Uﬂlc@-du’ﬁerenteab&, fﬁ»smocrch ifH vlffm_%(ﬁl f»f‘k/x

prop- fis ﬁ»,smwth. Then for ony x andl Y h s domoin
I fyr - foo- Cofoa, y-x> | < Splly-xl™
et Raz ("R Kot oKy , Gr= 'fvw), g®= <‘7f“<e0. X(~Xo?
firo-flxo) = g -gior = [' gt du = ﬂ'(vf(xw,x\—xo? dot
= Jo (ofoso —vf v 4o, xwor dot
= (qf(xo), KiXo ] + Jo Ofixar-foxer x, 07 o
lﬁx\)—'ﬁxa)—(vﬁxw, xx-xﬁ\S L' |<v7‘(km- vﬁxo), X\ %e7| dx
< ! “Vf(xon-—vf(xo)l) |1, ~Xol| dox
[ Blbta Xl =Kol da
[ sBlx¥l dn

=3 NX\ ~Xo nn-

" y\ol*)(o" = ” o LX\ ’—Xo)”

nm

Descent  Lemma. I V]c is f‘Lt'fSch-'t%(ar'f B-smooth), Xter = )Ct—qﬂfmt/)
‘{()(tﬂ) < 'ﬁ)(t) + <:ﬁx/c), Xk = Xe >+ -;L,Bllxﬁ. ~Xell*

= f(xc)—-q Ve, v{(xw + 3'/3'71 I ‘7745&”1
= fxor - (-3p1 lofoeel*

need l—’iﬁ’po to mintmmf , N< %

do QD on DN will get to stationary pint . CRM ke

positive  homogenuious
LelV ¢ W3 ¢ (WA g lwWix))

A
xl R



Llec Neuwral Torgent Kemel

two Logaf* NH
=+ N tel
Mx;w):m%aa (g x) W ~M(0 1)
fied second (4fer A% = %Ag@g
h ;W) = ha (x; W= h 06 R) + Wuh(x;R), w-&ﬁ?F Tolo~ approximaTion
. . - L - ~ o e
5000( Opprasmation =N :Jé OJ EO‘(UJJ K2+ Q (wj X)) X- (udj-Wj)J

y ~ ), ~ ,, o~
=% L 05 [0 0-0" T ox- @ 0% 03]
“mWw ntsr in W
For RelU: 159 =t-tro ot Ha 0-©0=¢p
d
ha GoW) = CAhs 0. W D s (x has o) weR ™
L LX) (s RKHS
r v ~ ~n
KgOox)= (Vwh o8, Y hix: (9))
For general  activations
hes (s W)= hog W) = < awhoG), W=Rps s in RKHS

E]L W, o are near

S0 how good 15 the lincari2ation ?
Lo (ACS-L"= Lo CAG)-L p (ERM () + LM c5)- inf Lo(h¥) + i loW)- L*
_—

We We
optim 12G%on erfar estimotion ervor appm;dmm.'on orror

l h(x;w)-hg Gx5w) l Sﬁ’\rjé lel \O‘(Wj.)()- g (V,\\/S'X)-W’(\D/j-ﬁ) (ngﬁj X)
I{ ¢ is B-Smogth  0$umeq f-smoth
[6‘{(‘5)‘0‘(-5)°GI(‘U(‘(7~€)I = ﬁ'% laal‘z‘:ﬁu \hﬁ'x"u\’a‘ dl*
$plaRl < £ (g logt) £ Moz~ (i
= P (o o3 l?xlllll w-wilz (f W15 lage 2ragh
b7V the kinearizotion is ol f"”
< o Iwdl < %W_JT_@ T N orge I,



gmdn‘ent f[ouu
.M_ = v Ls (X h G W) easier to analye than G
Sﬂmcw, lagg = %i‘ (h xi ,wt}-f)O vwh(xf, wt))

D{.(Ttl\lxji\/\le); (T hixswt) 955
_’Lg;(hzx.,wt) Y29 < T h O W) vwhog Ww)

kemetmmtx o KM(X\,)Q)
M5>< t) = m (leﬁx) ( fo ® — 53)
Suppese K S constant int  Hwen ths dynam,‘(,& will he the sqne
s kernzt gradient o(@;can‘t/ ’for kernel regression.
Leh = m£ Chxio-yi*>
- _Li (<h.,LomyCP Gy, hd =2Y; ("Po(.\ h)—mz) olwl[me Ta®bTb = (bbla
= <{h. T# 000 @0 ThY 241 (HE Pix , n )+ & h°
O‘ht ) M m
T = " Valstm= - L= (€oxiy ® Pxn]h + =I5 Yi P(xi)
= 2_‘(' P (hixiv=yi) Pxi)

Gj\:fiq
~ ~ _'— N —-1 ~ .
CTuhix, [, @wh 5 8)) = &7 55, & <Xa(Wy %0, X0'Cwy.x)»
= XX 2 5 05 %) 0 (0
(orgQ number (aw ; converge swf@ ‘tot/ OS K3vo

~ / l'
X: K.:SE,.N(CogI(w X190 (w )] = xx P (7ET> © and 15 >0) T
' orc oS X
i) =Pr6>0) = xx (%.— ;rxu’f&u‘ ) -
CO"WEY‘% OLMOS't Suxt[tj o somp wnstont i x7

emMpirical  NTK
laoking ot the prediction on x, based on o Sigle SCD update on €
hixs W)~ h (6 w0) =118 00 Kurlx, %) (e h s wie)+ O (1)



Lec  Tmplict  Regulartation

rhxd mx\

'f(w) = L‘? (X X)) = m“)(w gll i'{ d>m, hove fh’ﬁrn?—u, many
solutins

so what solutipn will we get when mnmnﬂ gD kemﬂl GD Ao
fum- #XTOXwW -y bé?ffﬁ?ﬁ (':jso:fdo
Wt = W~ 14 Xxwd t e yTyY ( set q:’&)
= (I-f,x X)Wt +1 X7y
= -0 “Wed + &I—qx x)qxj )XY
= (IJ]XTX) W+ Seoll- v)xx)/)xa
= (l Ve V) Wi £ (r.-r)va*) 1VeUy
2 (- WHwi+ \/(I—V)Z) Vw, *'P:“’ ((z- \;\)T)+\/(1-q£’)"\/7)\/1u@
= (- WO Wi+ \/(I—V):) Vi, +1) V I (I 29 £ 07y
Asune 1) <5 _ deseending order. o largest sirgular valve of X

s to ensure | I- f)cr.‘l <, ¢0 T-NE7>0 (%= AGX)
e -

=TWIWig Vs Y <@ e XY Pseudonmer\ee of x
@-Wi I-swWs W=I-W' X +harels o wnigue Selution ><%_ XY

WP singulor value decomposttion
If X is mxd ][ rank ng mna(m, ), then T (S rxr o(mgona[ with L9 20

Dis mxr, Vi dxr weth OT0= Ir= '\
X= 0 £ V'

med  mxr Txr yxd
oxX)

0 X™x=VZOTLL\V = VEVT (L )i i eigenvale 6”[ XX [xx™
® VOV =WV W= W

O xW-W)y= OVY - OLVWY= 0

© (I-xx) = (I-veDF

(T - VJ'+ W= ys2VhF
V(L -nsHvT

(Z-W) 4 V- TV VEAZ NV IS

[

]



