A\“&)‘OW\ 'y G@MM
> MQM’R)\ N&mer\&






modhg
S dwtnyional anbiedk spaces



Shone - Uum&w‘s kivaes
/ Sonnond
Lk X CDWM Yoms drrhlk sgu LA g\»)aivé)ow\ ox CU(RY) C,ov&a\ivxlwa o~
hovpo Guglmdy f-cow .
A s Jomat o LR =S A &Z—go-m‘\'u gwks
W SWEEE Wl WO~ (\\ue‘, \lxiﬂe)( Jhen - §Q #-‘}&1)\

ot X R (,sw»gmA'( £- = Gwiwndls | €70,
=2 %Y K= RT Qah‘\v»ov\»kax Son RO sl M
NeeX: WG -ploh e



v w\&%\ww PU&{)MM
EKMMQ\L‘ HL®s

L® T ° .2 & e K ° I o oL
Ky = MMBLo(v- athre L\A.QN‘ MQA\M
T = o schvalon fu-chion, GWV‘A "*’4"‘1"";%

WL GSUML. O (& 00 Ununfode ?oh\vww\,\qk

X

Ex:

o Q) = XL

Ll (L)

Owdn Svcions does Nuis MR pesoeiinZ



L

e Q) X>O

y
Owdn Suvclons does Noos MR pesoeiivnZ

GQ&H‘D\T\L + £ (ox \l
= (Lllc_-t P T« 2C et c.o\l\’)x'.{ ¢ (ble « df) 77_

Com Yov- A _d_n;, o¥ (RL)(&"lLZ.'
N \/\sv\/\maw\m\é o\mwm Qo\ﬂvww\l«ls ™ X\T
12 o A uokuay dor SO



L

e QT X>O

f
Wida fumcRors does Nuoe W pasoretinZ
GQ&H‘D\T\L o £ (Cweda)t

= @« EBIXT < 20 adoes c.o\l\’)x'.{ ¢ (e +d™4) 77_

Com Yov~ A _d_n;, o¥ (RL)(&"lLZ.'
N \/\av\/\maw\u\é o\m\otm\-ic, Qo\ﬂvww&«ls ™ X\T
12 o A uousy dor SO

Wk odood oy = x° 2



L

e QT OX;>

f
Whedn S Rans ey Muse W@ ?@M"j‘h;

GQ&xdoulf « & (C_x-eoh]\s
= (e« 2+ Watbet Sdb) xL7 + dlobe {'C&LQ)XL{'L* (@u&@hﬁ

Coun &1@\1\ oA _LJ& oX @LXL"lgz.'
N \/\O\Mot&k&m\é owdot Qo\ﬂmw’la&s Y x\T
12 o A woluay dor pownde 2



Ex: -~ -= xL

(90 X

Owdn Svclons does Noos MR pesoeiivnZ

CQ&X*“DL’B% + & (Cwed)’

(Ce ¢ BV + 3 Lbe c,"oU')xz“/ + 3oboe {'C&LQ)XL{'L* (‘0331«0\31?)73

Yov- VAW _‘Ln;. o (RLXt"lg .

N \/\O\Mm&k«m\é bl € Qo\ﬂmwa&s I xT
12 o0 N voluay dor gsusx\h.z
NO( e.c. = 1
N 3
- 1
= O

Muwn\w\j L



Nursomam fo\d s

A QOS'OMMN'.\(— Mokt W\Aa WP U) T a0 f&’ @xX ‘—"’Y

Qo\rw\ehrsj ~—
'\\Aguks

&yc‘i? \,»+.S

T nearomenc R o Mo L 8,0 Y=Y 18e OF.

o(x\ = x™ = M- (R)—-"“]lh

o = > - HA Z Rtqug

o(x) =% =2 2-



Nusomam fo\d s

A QOS'OMMN'.\(— Mockaant W\Aa Ml & & a0 f&’ @xX ‘—"’Y

Qo\rw\ehrsj ~—
'\\Aguks

&yc‘i? \,»+.S

T nearomenc R o M= ) 8,0 Y=Y 18e OF.

o-(x\ = x™ = M- (R)—-"“]lh

o = > - HA Z Rtqug

1x2

olx) =¥ =2 j-{:f&



Nursomam fo\d s

A QW@W(— Mockannt W\Aa WP 0) T a0 }&’ @xX ‘—"’Y

Qo\rw\ehrsj ~—
'\\Aguks

T rearomenc iR o M= L 8,0 Y=Y 18e OF.

o-(x\ = x™ = M- (R)—-"“ZL-

o = > - HA Z RtX17X3
1x2
o(x) =% =2 ﬂ = f&

&&;C‘QV \,»+.S



Nusomam fo\d s

A QoS'o.ler.\t— Mockannt W\Aa Ml & & a0 }&‘ @xX ‘—"’Y

'\\Aguks
T nearomenc R o M= ) 8,0 Y=Y 18e OF.

o-(x\ = x™ = M- (R)—-"“AL

o = > - HA Z RtX17X3
1x2
o(x) =% =2 ﬂ = f&

>< m\@ Al = A ] R | ekl e )






Linear MLPs: o o . Aok, ke
oL W\d"‘ — Q.(M }/»W
= H=1 e & | ckl) ¢ wenidad, ,dA]



Linear MLPs: o o _> Apooky L
op - RET - Rl
= K= Le &% | ekli) ¢ mnddad, - dd}

CPQ\‘-IKQW;A HL?SJ Xe o0° .2 -0, ° a >, , Lolare
oLy R = R bt Jwuas
o e RLx),s
= JJ\ Loves i n Rudedomansonol  vedor Qo nw«% Z




Unu\r ML(PS“ X2 - ALK, Lolhase
oLy - RE™ = &Y Jes
=S Aa 3;'(,\)& Kd"xd” \ vk () QMV‘{AﬂAl/-ﬂ ALRS

Wo\n.lmwld MLR%: Xeeoe o oo o2, Lohee
oLy R = R bt Jwuos
e RIx),s
= A Lo m « Budedimarsol  veckor Sqos nw«%

(ﬂ[_x,/-_,, Xl 2 %\_’\Sd"




Unu\r ML(PS“ X2 o dtehy ), whese
oL - RE™ = R Jes
=S Aa {'b\)e Kd"x‘b \ vk () Q‘N"“V‘%—"L’l"lll'ﬂ ALRS

Wo\n.lmwld MLR%: Xeeoe o oo o2, wohee
oLy R = R bt Jwuas
e RIx).s
= A Lo m « Budedimarsmol  veckor Sqos— nw«%

(@LX//--—, Xm] Z g‘-"SdL

CPBHVLOV\N‘»&L MR e Yo %l ohay (ot Yot M?Qﬂ"l‘



Leshno ; Lin, Pinkng, Swockam: \\m\;\\u\u Seadforumod wnaris Wi o
\{vsk*go\«\m\hi\o)\ Y SN SN PO VY S W%QW OM»I frmc\nn
Nurrdh Naewoads 6, (483 -



Leshno, Lin, Pinkins, Sdeocken: Wnlhlanes Seadborumsd wkoworles wndn o
M“’RD\A\\NO\N;\O)\ Y SN WU PO VY T W“)ﬁa);\vva\-( O-Mal frmctnn
Nursdh Nakooades 6, |483 -

AG apgedosha

ﬂ)o\%omaﬁs o fha oo

P P et mkuogr\ﬁg (ol asgonn modulg
Q—\\M kvéwwwxa onak noddg sl | e dmtnsionah bk spaas
> St l
Werershald

ook

koK




N&‘\'mer\/\%akw\v\a = ‘WMswana MAW Ian 207 OV
do
Lk M e \J:= <((P\[_><,/-_-, X&o]‘L_‘DS ,

'&V\ummwi&o\«)\
Se Ry RN fwle dodosed

Y Meown s1 e et

MSE foss @ 281 := 2 [M&)-Lh=

(e ) e

/T_(}\‘M%K&@\ -5 owe for £1g
’Peogo-o‘\\'\oh'- e s« ?sqm&ﬁmﬁﬁt, st N =R 5, wd sone o eV
sum Yok \;w\ww«n:‘wd 2L ower e M ¢ @MJM {0
\)\M\MM\OA\,\,&Y sk (K 1a) pees Se M.

LDML

N




NQA’MQP\/\*\S‘O\;\W\V\% = ‘WMswana MA W lan 20 OV
do
Lk M e \J:= <((P\[_><,/-_-, X&O—I‘L_'DS ,

,KV\Q,U\FOW\U»V\;X—D\J\
Ao d .
SQ R K(Rl— g\\/\«&‘L Mﬂxs&-(
Y meawn s-‘u-rw\ e ot

MSE foss @ 281 := 2 [M&)-Lh=

(e ) e

/T_(}QAA%(%(Q\ =D Qbss‘\\h. for 4#&
(Pcoeo'o\\)f\oh'- e 8« ?sqm&ﬁmﬁv?u st N =R 5, wd sone o eV
S Mok \NV\W\\N-«Q:\\V‘% LK) ouer Le M\ qu\A;l\}M o
VVV\\AAV\M%\/% sk (K 12) pees Se M.
'

A&SU&W\L.‘ O\L:i
Let \)"B b(,,_-,)(do\ = KVA»\ Moo e ils In Xy, .- Xdo 0‘\‘%@. < B\,
Co be weRlenk eetse ok feV s Mk $00= V@(X\'C;/




N&‘\—mar\/\%akwv\% = 'St mam b 2ehon
do
Lk M e \:= W)\[-Xv——-/ Xd,o]‘L_'DS ,

'&v\umv\,\wﬁ&ow\
do d .
SQ R K(RL g\\/m&‘L Mﬂ\sz)r(
/ meaw s-‘u-rw\ ot

MSE Asss© (b= 2 “H@)-B“\L

(e ) eS

/T_(}QAA%U((Q\ =D Qbss‘\\h. for JEJ:Q
(Peoeo'o\\\'\oh'- e 8« ?sqm&ﬁmﬁv?u st N =R 5, wd sone g eV
S Mok \NV\W\\N-«Q:\\V‘% L) ouwer Le M\ qu\A;l\}M &o
VVV\\AAV\M%\/% sk (K 12) pees Se M.
'

Assume - =4

Let Vy b(,,_-,)(do\ — (w»\ Moo e ils In X, Xda 0‘\‘(]{,8,00. < B\,
Co be weRlenk eetse ok feV sudthak 100 = Vg(XYC;/
ALy Mot sy WMESL OWS ore vy (o) Yc b, g, aver alk (oulcdeS

= L6 = A=



N&‘\—mar\/\%akwv\% = 'St mam b 2ehon
do
Lk M e \:= W)\[-Xv——-/ Xd,o]‘L_'DS ,

'Kv\urov\,\wiifo\c)\
do d .
SQ R K(RL g\\/m&‘L Mﬂ\sz)r(
Y meaw s-‘u-rw\ ot

MSE Asss = (b= 2 “H@)-B“\L

(e ) e

L Ll () =0 qoside for 4]
(Peoeo'o\\\'\oh'- e 8« ?sqm&ﬁwﬁwh, st N =R, wd sone o eV
S Mok \NV\W\\N-«Q:\\V‘% L) ouer Le M\ qu\A;l\}M 4o
\NV\\AA\N\:\%\/% sk (K 12) pees Se M.
'

Assume - =4
Let Vy b(,,_-, ’(d.\ — (w»\ Moo e ils In X1, Xda 0‘\‘(]{,8,00. < B\,
Co be weRlenk eetse ok feV sudthak 100 = Vg(XYC;/
ALY modios whase ws ose vylo) ¥ b, vsg., oueralk (aode§
‘/'Qst\OLdthUSL

= M8 = \\Acf%\\z =\ Cyp~ \\;\TA ¥ Const.

N~ \\ Q\\Q"‘“ CTQC




v A = iy \ Cp- \
Y LNy o

Qowsuahony (d.:1):

@ A ‘X‘W“’\& 0“\‘\ o s dokn,

ben k
o inpy L ovlgd- (LLMs® LSI<dim M)

4

WV x dimV R
@ ATA 6‘[{‘“ Vs s - ddoey hanevs | S\ < dmlV  ~> QS@.MADMULOL

&



v A = iy \ Ce- \
Y LNy o

Qowsuahony (d.:1):

@ A &W“’\& 0“\“ o s dokn,
om  botn \mvﬁr L ouigt- (LLMs: LSl dim M)

4

WV x dimV R
@ ATA e'[/?f Vs s k- ddoey hanevs | S\ < AV~ QSmAnmbMu

®) evon whn 18U Bdn V| ATA 1S nok gm adoosy  Spwnaddc BD meday
| SV

oo \fltkg\& N ey e R0 /\

Winda mahans com o dotei md &

(/0‘/\'12' U«‘Qar do=d: v = (%, x“\\



N@:}Q L = NSE,S:;/C )¢ L" \ KA

O KA dagouds oy 0 gk o,

o b \n KCOM
% &u_m LSt < dim M)

WV xdimV
@ ATA R e xS (S Sl Ao e \8\<6\w\/ —~> QSUAAM\J‘““

@ edon whun 1S\ >>a\m«\f AT f\ \S no‘ Mo\(\ow %]vm\m}N\C— PD modny
oo \fltkg\& s \)U)mfs eR

dim Y w

| Sl /A\ bl conk Tor A" . xﬁakd»s NTNREVTISNS

NS S R Whon B mies
NI P N

\|J/




v ) = w N Cp-
T F

Qowsuahony (d.:1):

@ A &W“’\& 0“\“ o s dokn,
v bo¥n \ngér KCOM

\

) (LLMs: lSlcdim M)

‘wV x Y § N v
@ ATA B g s sl didoad Ghamens |8\ <V > psudomedic

@ edon whun S P dim V, AT A

i
Lowla xrieka\s N vedeny e TR
\Ll
_V(Q(\_
A’TA = V(Cl\\ \)(05)
[ ‘
— via,)

‘ \VS not  om 0\(\0‘\3@0\?‘1 Squandne PD medey

hos (i 2 vile) vilew

od con e edoed 1k s2rimh LS



do= L
= v “h\i\x\ K x0)

S A= [laal & \Nomdurimmnds reoddix

I * al‘s—\ az\
B - _ (
> AA = ISV Zae Tar Ly | Howdel peedax
zO&k iat T—ai — T
’Zah 20\1 za: T ia?(“
R




Ex..

de=2 D=2
:\’V(\(u(\: L

= AA = D

x1', )
T N omdurimonds
| [ al: az\
Zak ZQ}\ —Lcaj
Tas Ta: - T
Yoy Lap o
Za' T - To®
L
Xy Xt xy, v C)
r\
1 X y
O\:(XU’)
7o
XL ><B Xlnl
o ><17 xy*
L L
R




N&‘\'mer\/\%akw\v\a = ‘WMswana MAW lan 20N OV
do
Lk M e \J:= <RLX:/——-, X&o]‘L_‘DS ,

'&V\ummwi&o\«)\
Se Ry R fwle dodosed

Y Meown s1 st error

MSE foss @ 281 := 2 [M&)-Lh=

(e ) e

/T_(}\‘M%K&@\ -5 owe for £1g
(Pcoeo'o\\)f\oh'- e 8« ?sqm&ﬁmﬁv?u et N =R 5, wd sone g eV
sudm Yok \;w\ww«n:‘w% 2L ower te M ¢ @MJM {0
\)\M\»\A\/\MOA\,\,éY sk (K 12) pees Se M.

0‘l.> 1 [ |
-Cz(@,,__,J%AL\ | C.g'—: lcx, C:D\)

—D—C(x\ = '\@Qx\' C;% I\C\\l& ::_\\((C‘_"QQB
4
= i@-\’ \\ A C%‘?:“\;mb = \\ C_Q‘ \\L

N

ATA t (pnst,



doss ;Law\swge.

=30, 26 | pe o)




doss ;Law\swge,

=30, 26 | pe o)

Cotn o ghudied o Aagougludh oy
> M s R
| S _Qe
APSS MSCOKJL'\V\ Q\mc\'\ou\ geau_-.
= (2 | fe MY e VAR




doss ;Law\swge,

=30, 26 | pe o)

Com o ghudied o Haeougludh oy
O \
S > A : > T
> §
APSS MSCOKIL'\V\ Q\MG\\QM geau-.
= 2E) | fe MY e VAR

(s 5
" comy o A offeety Loge Musdscage
WW.da feg,ovwk\“— Qroguiies dwes A howe 2



