Im Pﬁ;al— maulmisa.h'm— ’
Bomigm ofwgilf&\a_, and

OVec- pacamu faisafim

Lechiwe S



Fia}m Wm0 1o roola .

N dSkinm, D Hsu, S.Na, S ﬂamJJ. °Q¢m&l&%,
Mmodbm machina Lmiu:a, and e bias-vedane.
taade - off . (2018)

. P Bm",&“’, P Lona , G. Luaos( , A. Tgfjlu. .
© Bmiﬁm OVuJil'(;hg_ wm Lincan ﬂnﬁms&l’m “ (2018)
. T. Haolwe , A. nm('amui, <. RoSSc", R. Tibshuami .

“ Sua prises am hiak-d&nmum«f Jzidauﬁws M—s«;uau.
Lnrupa-eah'm", (1019)

- L. Ch;&«f, F. Bach. “Im\pﬁ«'o(l‘ bias o}

yadimi’ deatomt J‘“’ wide Z-[ayh. mecnnk

m"wal«s bramed with hﬂ ﬁaish'c Lss g [2020)

Double JASM{/PL\WWM‘

Text boola ‘bma : nel = bias + vanance

Let p= Mumloen 4 wamb»s on e /Vnoo(-e-

bias , Vwﬁ”‘“‘ ,
biad de caeases Variante
Wik mae Mluases

4 Jlecide madds

Vv

Dlmsc;hg bias

fisk = bias ¢ Vedane
Py

UMO(Mgc‘ \‘_ D()h:wa
( 2071 L)ww) <

[}
1
v

ui-‘kp S

>

T-mouasikg Vtwcw@P_

o -

(Je:‘-éz \/au.amcz)
&

>

>

P
Rias- Vauieme Erada - ofg



Empuical obsulalioms (mouned mltwaks) Toolaj! :
WW\/W

nigk/\ Hf(\:_ \/a,tfamc:gr @ I.m«P,&a.l’ %JMS&LHM
\ ctnea $eS “w - o )

b inlptin | (akoa smplick bian)
poik 3,14:.0(1%\’ deo comt

4

@ The mmac‘c crj %L—Jc;nz«sfa.(
x;heul‘r bem(jm oVu,oe{#v;\g o
hiﬁk-dc;wm{maﬂ ([M)Wssc},k

f an fucatin
Dou(oL OLQW[— PMMW @ BUV! ﬁ”\ cD\Iup amaivuSa




@Iﬂnpﬁfa{' qulm(sav,hm oé GD.
. Lt;nuu. /YY'OC‘J '

wilh o,

3;: (:z“[.,:>+ &’ izlym

K4 Nl,Z) and &, 5 to,?)

. H\'ﬁla-o(c}mwsfm: X’ € RY  wikk p>m

. G.D. m least- Squaats :
Ne wpply GD B Y- XRI, slackd

{/Lavw /2030 :
]émgoféé - ZZXT(X,@G- Y)
2° 0 E — <k
P2' (I-29X'X)" 25 XTY
la=o

Eo+0
—>

(T2, XN, 8T
12erl(l (T-29XTX)) " 19 XTY
i

+

X
’(, None Pemuose pSuc.ola omse

——
—

So ]/\5 = XY = atj/muw "}”2

7 Y= X} T
% /lamk(x):m. ( i
(im teapolation) Mﬁ‘*’o‘“"&‘)ﬁ M
Padiction : &n, 2 €RP og G.D.

(ﬁ:,?l) = <X+Y,7t>

{XPXB A% + X6,

= PxT (Pao&ch i om Norge ()(TD

= B2 +{(T-PAP D)+ &, (KT
<P9{ 4—5"\)(/1—)&1)4-{ (XT%S
h}A?L" b asS N‘[Ol f{ﬁ){;{)

cond. m X

Y= Xﬁ:i -

meks : ﬂdﬁl"'?( <K+)

1) Aé x.LmJJx"): (B> =0
=) Dm.jc bias p bt Mo Vauane

2) Aamh (X)em&p:

I'PXT n I\ Z all N v -)([DIZ)

Wi Z;{IP.



@ D umiom ofu&éu'ihg Wik h(ﬂk—olu;nmumd x}n')u-\"
a) (Quasi—) (sotnopic ampub: T _ IP (o Z ¥ IP)
Vewiamw wna.ezsis; X ¥ SvD Z_ 3’ M f-r

Sx;vvﬁu.lm Valies oi X dn

VMZ‘/@; ?£> _ 62 QlTé(Tx>+% T Z:IP l.)‘lk p>m
- 629[T£ —" GLAT p-m
Al k=1 g2 - ) - /\
%P gt T Porx i o N, Tp) | , >
. h H_) P — = 2 ,l, O ‘YI;'\M\. Gim O
X _ H ” ? %
whin p3>m - xT % l/ok 2 mn
9
x (fz m u)(‘/k h( h- o‘oabJJ
o gn- pe &

A Im Hie X)A"M(Popah‘m ,(lﬁ(:wu. (p> m), hijl\—du;nmst'wJ
A;V\?wts hell He variomee oé G0 - Lacat Rquace



H'VMOLJL E/\.w{:ch(m ML ¢ ,[;:‘ 'qu- P"#'ﬁ*i PW(K) CP’lf’ftch}M 140\ ‘ﬂu(ﬁ))
Rx = El,i [('l, @,ﬁ"fl; Ex,f_ ({[I— Px-.-),&a,m>+<x+£'pl>)zl

oss-lm
¥,
= E, [ F;T Pty X" Pl F’a] T E, [aT XJ(M)T"J + O
T = {2 ZT, xr (xJT)_
= P PwZ Pup + (2, @) )
- ~ == N—"
N Vi
. Z =1
MB r“ “P . 7 . "[7' ,lg,[ Mm M%“’Pl
B2 WP PIU= NFU- NP fll o WEITG-2) ) Hos e e

h. Ex

0l -
an?:_[X") :ﬁ‘d'dW(ﬁ*)C[RP
o 1P pll " = 2 g2

lO[Ots Bx

Mm
Vg = P T (XX - 2 L
7 le=t 01;&
v A
P

o Ry = Byr Ve x [FI+ 2 (<2 up1?)



Z&-’, I.(;.' ) ne Cc/mpl,ts( {Iav\mwﬁau’ baSw' on S"(dqzs ttaM—Stfd\JM "J Do chouleo- eatu.
al(%hibuh’m ) owt thilai"_g e sSame behayim .

Recap b Wis shage = (221,
_ ’ Sttcmg 0\143"\
- »% x € fomq (X7): Vo, (B, 2) = ch’;ﬂ st (xT)

= buk WP all & Wl wh By i bt hich - dimomsion
o& "k,L »(;WP(L" $Pﬂ0—, u)L E%/ o M) 2 A4S aﬂﬂhosl’ mo" Co‘mﬂahol
u)il‘k Hie ﬁcwmmg poJ«Fs Xy, ~) X, /c.ﬂmsOg XT), So

Vaeg (B> = 08 IBa ™ gl
P

—_ /&n M)cﬂd% T We o\lu,yé“’ N a Sfma.M $Fv(a.. :SPOM llzj_)”/zmi
SFM\MJ-J ba [’kz_ ,&WCD\Q_ 40:4‘)1,0'—9, 'ou.}(’ WJe umdu{c'i'xvua,u)‘ﬂ.w po.f.a

= /Qach bCao amd Waﬂ Vaome é)o« FP>m l



b) A‘m{SorAOPfc CaSe J‘k" cp"“’ﬂ

Ax, ,\QZ(MﬁP
— 4
Aol’a zelcaﬁ LXMD\E[!. 2. = Ik+j> Ip-k = f\ w{},k\
L "}J (f((i
4! —
Thm L x%= 1 Z ] T Pk T
m m A= “ P\ o P m—k m-le )
paw o v s iondf — ~ Paozc[an og nale m- R
d whimabon N
= O&OG wrmalion Traae = b‘*f(f"")
k& map
7
So (X™X)*x LT, + AT and
m f[’ m-le
Vy = LN ZH, 2 STl + < (T, Ty

=T () =m-k =

S/Vhaﬂ Sh (e JSMaﬂ clice
W«u Aa,wlkl/L ko h('ﬂlv ch;MwS(ma.o ,(rlAPb(F



Godd tse s 5 _35 4. J,u:f

AN — ’Jz'ki' J
D

Theawen (ifamal)
Defime o milh: md,, e Z d;

T - )
Dk
41 ?

. Thon (A
2 ¥ mz,‘\é

Vy % @ (54' 'Rdali )
m -— 2

— (= A;))

Lows dom . N H.D.

Juj \JM S ah}/\«-

EYCVVV\EL r2 = Ihx 'I’j) IM"‘~¥

VKS“) 62 (%: - ﬁ#)
SSEe )
L m

Sot 3.:= L Xu; =L
J \/Xj d \,'5: d
id
= Z U; AIN[O,ZM)
P
XX'= Z x g oTxT = Z 4 2. 3T
IT)CJM. = 9 J:I d Jd “9
= Scix + 8, x
N
PMI’ J\Jaw fo PM’:: "J\;fo‘
sz SFM:{O:’,,,JLLXS ? x
an lormma -
Qe Sy*) v *:z 2 A;
‘ P >I¢-) A J>l'-" 3

~D JJo( \‘Safiov\ ai S/Vha.p[ ng 'S‘ﬂbt#m
pord : Fon N7l =4

O'TS»x 0= %k* A; (U'Té;‘)

(2

(O

% N[O((>



So

Moy IU'TS ov-Z A Max l 2 t\ (o7 )_ l)
holl =\ > $ > , hok=1 ¢>e ( 63 I
— A, llﬂ'”[o.')
H amSm- Walahl Z \
Y —_ m | S ~‘ + Z At
+ € - meb discubisation =™ 7 Jméwf‘ ¢
g., A+’)mlS>h op + dk)i;é\:ié_
=y =
< 1{1(44-4-") A\*
So J,wm 'y

“-c") N 4 SF[S7|,3-) < WU+2) A

whane ¢/ = Q(,{.{-_‘:z)._‘_o( Cam be maﬂ{ ckd amd J- §Z .
/)

/

Fn S ouxc sumidon acqumanls shoo Hiak

Q4 Se) 2y dwl e b o cofumafion



C.m_s:ﬁmc!.: SP(XXT) v~ zmA.,-,-,mAk%;;\”,——‘ )A"l amal

R v

Mm-k¥* tom.es

SP(XTX:) ~ QMAI)"IMAK"‘)A:,,) A”’ Ol-a—/Oi

m- l* p-m
¥ m
So AXX « Z o5t % ’)Z:kﬂl% 031‘ (CUW\PCW- [ \uol’ tﬂnup an/mp&)
louo J'l.a/lltL M aﬁ{&o‘
P“"" ol szcﬁwm.
~ ? 2 m AT A
PR EA LN RARC R AT ZYi

SR Y A AP AT
A* 15K ) =l ——y—




@ Bmiﬁm Ovec - IPMMM(TM(S«C‘W\

Iw ,awm. Jllj,ussl'm j = <",;,/D ¥ &
c( “Cme

o i Lo"{?\ P iupuf domm gerin

> mumbe »j’ 'oma/vur&ts

A=y We /Vnusf ,Zoal( a'\a mae Cwmp&w
/Y\noo(ﬂp f'o oliswfwuﬁb. odu—pm‘h‘»h’m

hom ihPul— domamsion -
4- Hiddew Layer Nevw ol /\Il«h»)dlk

g)’w () := A 2. /&acp[éod'ﬂ))

m )=!

Wi kA
[ LQ: act{\/a(-fm« /XLW-C‘—('M 0«3r RQLM.

V& e Lin

o M -~ mc,uw\lo,b\ of h(c‘ol.w MUign S

m (d+1)
° 8 = [ﬁ;: u;]sﬂr'lﬁ‘ € lR :

len

O
-':

N : ///
Om~ :’ " Pm
R* "
9o¢ € Ul c mm ! ) ER
A

n
jﬂww?“g: éc." (x“:‘y';))ﬂ,.,ef ([(ldx Z—l,lZ)
amd [ be a comvex Dess /gwnc)h\m_
@,(»\D one Lramt */wm GD mn I
mpaiuj Lssﬁ
Lip)= 4 2 06y 4, 60)

A Evem ,«% j is comvex, e
{moh'an L s mol™ amiex



» OV - paAcuwu.tJSul’c'm /M

e Lomt M —co, c.m.dpwds fo fha

pauawmhlsah“du

g (x) s= \—(Jg P ((w, ) cl//u(/&,ro)
/J. N’

P =
ik M E C)‘([P:M.)

.Se,“t;\ng' Cb(@,?b) =ﬁ£?((w,’)¢>)

We lna\lt.. [\-NM .l

£,.00=KPl7)) 1 <
whie L9,y 1= | g06) dyuts)

OIO

(N

ﬁ Q [~ s fl“ ()9.\>

A=C

Llp) = %

L8 ComVex !.

~5 M, ofupu.wtd sa.h"ot« EL_IES /(fd\.,
. opbfm\&a\'{m ,damalsca()z
> 48 Hew & L tistical pucs {A C*?

medf-: P_ 2dw , /- Z.?fs’rzc josg

(A0, 2) = AR P (Ldw>)
= AZ pUGw ) =A ¢Ye2)
so wih B=Au, A>0 and €S

&/A[ﬂ = Pldu,2) c‘/t-[c)u)

A>O
bn [ Fdu(du)

wesy
A>o

C—
—% dT(-,J. (w)
€M ()

‘kueSA

—
c—

= 4Dl W, 7;,">



OVM,giﬂ’ui\g: wWe Cam Jupu-swl' wma,
So ;.% mo point” 3 has fwo
ULMMF Qalojs tﬁ; w H M“ﬁ’
Olahr., ‘l'klﬂ\ 3/.1. Such ‘ﬁal’

(=l--m

‘d,; :, “ﬁm ({ya“'\) ( pufest HY
ax- Mmotqun = o ssume Hial o

Sovma %t‘aﬁc t o&é.b., ’cfi).e pu,kb(,
-"c’l’ l’k.. ala‘}._ (e

Ja izl)
Y. gﬁb () = {Y Pplx;,d, Ty >0
=: Tt
TI’LQM, Since [[—%): ﬁag,(/{»f-éZ)
cle Lz SeS We Cam «lwags o Creacse
LUE) oy simply naeasivg Hie

Mot of e

-

A Sink «U—g)z 6:3 a0 3 +3

I(p*) = ? ap (-111¢] <09, 05)

i

A _ | B¢ y fTé
~ n_xp( | 7 lL";m(\{ib(xj")’Tg'_bl—?

—= €80 o7
fmacsim o3 3ﬁt/lﬁ‘l
Calu&S.‘ da L’ leL
A "
— X V& max M Y 1t (2;)
7l 44,

p S D
Ve )(SJ) 4.43(74.'); v

Theagn (infomad)
e some mild emdifims, Ha
aloo\fe ng&S hoUs IZM.




Tt is fhen Possiloh B prote Hiat
Hie C.eass{/i an /b\; (x)::.ef?m (3 o [x))

hat some mice sfatishiead pzwpah}_s_
e oxample, it ds able fo adapt 1o

[ooo— otc;mmsfmaﬂ shuctus . ..

> A;n Hiis case
A;mpﬂcil— Ju.ju.lmea_hm % G.D.
-+ o\/&.pmmmsat’m
)
1) Nie oph;mea.(Tm [m«dgmfc
Z) Nie gf'aJ‘(gt{cJ k)zt\av(dz.

OIO

—/

Tolte home ressage$ ;
— am e mmpaﬁa AM /U-%W'J—/

6D bas o sgduizivg ifet by

&Mwa_ Some gP,_ch, ml'upa(a’ﬁm
Sa().:.chms

= whm ke ,c:wl)obl' Spale AS Ved Iujz.
o(lu.rg H'(.u,a, améc& occuns m domaing
Which oue .Iqu.jcd, Sa/m'o&a( So

ovedilting does mot hauwm puoﬁotm

Nislh

—> olfec- params buisalion can be
%, amd =2Vou bMt’dJ

. hove o be belfoe umdnslond




—> Am gmmoa, Iwuwina on
‘/\iool\a-ol(;m wsionad spaco Lo ).a/uLg
— \ow" /fg_agf\ol_q.) b.)kw lﬁuﬂ. zzcis}‘

Sone Dowor— olimansionad  ghiaechis
wm W dala
—> £F s Pos&ilo(.a o adapt f5
[ac.o—o(c;m.@u&'mao SWM, bt
i comus wikk cumpubﬁlmJ
Ct\aﬂwjz/s (th\flx"{t“c“ M
ifnative Op)&;m(Saﬁ'mD
= bias /g/wm @szlficd‘{m

Cam IQ:. o (SSwua

— G0, imduws Some /Laﬁujmisa.'tm
boncficiad im hiohty dimarsioned
inpat speve and/a highly
oVuv)a/Louwwbm&o( /WLDJJS-




