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oé_ﬁz};lac::an ei;_e_n_funczlzous Local P'roéaézz‘-zly den:a‘z‘x funcz‘Zon,

and meural Wetworks:...

/On e 'mu.rz[ construct a ”]ono/:‘/'ﬂ'roéa'
Lz‘/[zli_funczléoh for each /eo:'th

Sué:ezl éoa'no/é’c[ é;, a minimal=size
éox, oriented based ox fée(co-

Va-riawce) €£<76"n divections as de-

Cenzzer d—DZ
of box

D-ball
gofzizt‘ scribed. First, one must estimate
" ce;-.éerl point dew.rizly value ?J: = 9. xz) for each
¢ poink X in the box. The left {rgure
¢ Qustrates Zhe concept of uging a D-ball for i<
purpose, This D-ball has Xy as ifs certer and has

ra c/[u.r'r P Tée z‘ozLa/ Pumber o;"})o;wz{r inscode z‘ée
D-ball divided é} 2he D-4ball's yolume can serve as

the discrete c/f'h.f[{; estimate ?f.‘ #avi'n} estimated
o[e'n.rlzz7 estimates for all pein s )3(} (') crniside £he
box, one caw use all or some of Zhese /ooh.z‘s Xy weZh
dens:tces 9}_ Zo comstruct d-f'roéaéc’/[zl7 o(efn.r;zl; f«m:-
oL s ?é (X) fp')' Zhis éoxl e bex (. SE(‘O%O[I Qne Com-

Paées Zhe /mva'mei'ev velues o;f Q.-"flofer/; céo.re*n”a/eh-
‘5_{:.[/ '»:oo/e/ fu'ncz‘zoaz, /O(EQZ[J, z.‘ée Mtoo/ez f&%CZLL’O% Aa..:

O‘hzy Q Sha” %uméev o-,e?afkawezler_s‘j' s effzcieay zL/J qwc{
52‘44[} Co"m/caleAZEJ' andd /;as' a /ow af/m-ox:_'matl[on error,
Consia[e-r[vny Zhe fact that 9;/)X) descvibes Zhe over-

all ale'k.s{zl)v fkmcz‘;’oh ?/,“7’2,: we (X)) $rex) on[y /oca/lj)
ln box £ reminds us Zhaet Zhe pai'hzf al@nﬁz‘, im box £

Canhof be ex/DECi'ec[ to .sa'fc's-)Py_ the clta-racfe'risfics O'F a -
':ﬂ.‘tz'ndnral'moalel- oof
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®laplacian ei?enfuwCiiOﬂS Tée_/s{ziﬁ';ﬁg sketches he [o-

a»,:d neural ‘neI\Tvo%'kS i

by A\ CQZ-?'H:AQ éc'/[ZI/ d?ﬁ!:’f;_fuhcgc'oh
_} z -‘%’?Lf = i_z%ez{- 6% must constract for a
i i /’:)oiuzl subset (mscole s /oca/'hn’hc'-
__i’“‘i =4 Y pumiall| Aok o/c'hj éoX. Afz‘ev %Q})/Dc'h}

?(Ul} a[l 5444561_1 Poihzl_f £o 2149 Carvesf’éhJih}

i 2
-t 0 | Ul'éox) Z.e.l ["’/!I.] 4+ one cq'ki’er-

fov'». z‘ée c/pfyoxhnaz‘Zoh ca/cu/a-éioa—,_r
c[e«ﬁiné'n? 9 = 9(01) G2 ?; () fov e L.fé/'aolh'zlsué-fef-
The l)y/;er-CaLes [—‘, IJJ) o/ef:-n;u; Zhe relevamt w-domains
l’zave Vo[u'»,ed’ .2" 2Z’ 23} _Zlf ezlc- f‘”' a([heusc'ohalzzly
Vigluat D= ,l Z, 3, 4 ete. Insidel a ll7/)8r-cuée.' we

know estimated ffroéaéi/ézl/:, a/e%.rzz/7 values ?J'= ;_(‘”01_{
Welnius? dedershime a (blesh aZ/oroxz-mczz‘zo» " ©tw) £hat
Mmincmizes 2he suwm of Zhe s;zua'reo( difference (evror)
values between Zhe j(ve'n c{e'n:;z’/ ya/ue:{Va/ue estimater)
and the values of e af/waxzwaz‘zm. Clw) at £le same
Ul =locations, The moedel function used 2o calcadate

Zhe meecded approximation Flu) must involve a suffe-
ciemllj Zav? NUmber of_/fun-q'm EZLEWS (a/e;vee 01[370‘\'980(0‘)-.)

Zlo a//,rox[% az‘e z‘ée ?ZVe’h Vazue,r ?f wel/; azl £Ae Same
z‘zme, :,’f s alse uece:rar} el cou.n’a/e'n'-nj comfaz‘azlzn.az

and data :z‘ovaje Cow/'>/€xé'1y — Fhat Z2he number of_

/’Java'me'!eu' o~F ?lw} doef "'hoé cncrease {oo_?u"cA’/y 1
\NL"L‘A Lacveqsi'n} VaZue o-f-”).

L J
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'La;:[ac‘a'n el.}ehfunczltows The lefi féjure s @ 'rai%er aé"

networks:, .

Q% o 'hewraz

S () stroct shketch of Zhe approxi-

¢ %Q%L'h fu»czl(.éh §> we ’)111—152"
Q) e Pov the set Hlug, )1

I TAE -thﬂe .fléow.f z‘ée 0[ fpfe—renc@
> Iaezlwee'n a ?iwen ;D‘Yoéﬂé[/t'zz; a/en-

T I
wj 0 i 5[117 value (e.rzli'mazze) % an zlée
af/)ro xé'm‘azlea/ Va]ue ?{wj) = (O, zlé-u‘ we 'Pnu:IL ’m[‘MimCZQ'
LR an L"nzLej'ra'tLea( .S‘u'nq'w:ed"‘u}o Mamner ~Fov -Zl;e Jey_L .ﬁ
QZZ §> I VdZuPJ USL%} an exPou e'h'A,a [/J/ O[Ec'vea.-fc‘h}

%oa/e/ -Fh'hcfcoﬂ’l &S o6me Vtaéje—éuf%o{’ha?ce.r.mn{;
the Lesd — choice Zo model zl/»ejil/eh data . For

exa'n,/;[el WLE% C‘oh_f[497£7;} a22 joo.r.rié/e_ 2uap/-raz1'¢'c {erms

in the (negative) exponent of am expoyential mo-
cle!l -ﬁ.@,cé;m, io the D-variate Case ome obtain s
Di=l]k ?(u,)=Aex7§" h,")
D=2 Siu ui=A exf(- (B ul*+B,, 4 u1+3’ «,2))
D=3: | Fru 4l uy) =Ae>§p(-/&,,,,,ua+ B as 4 +Bo,,, a U

+‘Bllo Iu2+BIOI“ Hy ‘3}14“’-“3))

. 3 B i
.J.L LG y 42y %) = A Exp -e’-/? sty o Gplpty Uy
AE,Z0A.. AL_D?.O

2 Srw) = A exp -2 3B, w & (Pmuldi-

nen=2 inelex
'ho‘l‘aé«.on )

We must understand Zhe Co'mfuzlezlionaZ aw/;/exc'zly_of S (ut),

for COWPH{'Z‘PI} anol .:nforéoz} 4'7.L$ COP-)efchPn‘éS.
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’La. ZQC:.a'n e;ehfunczlwus TAe Co-m/JuZLa LO'naZ cow/o/ex‘ 1‘7 oF
Qud 'heu?almez‘work: i
4he calcylation a'ua/_sz‘o—raje a)f Stu)

s q/ef)cv—:ea/ é; z(4e 'hun.ée‘y of cae# c,,e:—.'/': e AGX})(‘Z-? ui ).
This number cs 1+1=22 for D= £l | +3 =% for D= =2 [+6=7

for D=3, [+10= 1 for D=4 etc. For 2he general D-cli-

Mmensiomal Ca:e} z(é[; number S

$+I) g (D+1)!

DD
""( 2 2!/ (D-1) 2.

T;'usl cow/)u‘i‘azlional cow,>1€><['£7 Sca [es‘ %kaJYa{CCQZI}.
i’ﬁ_zlewn,s of Q_ As a cou:e;uemce,z[éeﬂ-vcdue e st
ée -S"npqllj L'-E‘./ D<< /O, The (."maje seguence showa

i in the left figure Teminds us
/@ that Zhe given point [sub)sed
/ 352;1-;[ -For which we mmust Co»—./m-{e a least-
KN contowr  Sguares=based probabilidy furctio
\/‘/ z{'r‘m:/a;e ) hac U‘hA/E'r;oue Zhe shetcheo

seguewce /COhCQ{E’hQ{ZO’h a-)@ /;w.em/
2{’2'444.{7?07%@2![0115 /z{va'n.r/a lLL'A'n

._1. X ’Yo{‘az.lto'h ane/ sScalim }, 'maf/o:.h;,
"ro'fafe Z(Ae/oom,z‘: cnvo /VEo/ 7-[0 {le Noyrma=
Ci'rcu[ar Z‘.Z ec{ /77/9 ey-c‘tée olo"’lat"‘l [—// /J )
¢o ntour éq.rsm/ oh z%e co variance aha27s£_r

} > of zfée /Dolhzl,r. 7729 o/ezlazls 07@
Scale fé[s Coucafehazﬂ’ou avre fvch'o/@J
=T
-t o | on pp. 23-24(4/14-15/2023).
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-OBJHT AND MATERIAL EIGENFUNCTIONS = Comd'd.

’La?[acia'h ei e‘hf’uvzczlio'n! TA e 'Facz_L Z{AQZL a_foi‘hzl /saé—)sef

a.'ha[ 'neurql, o&e—%works saile

/m.s Q/veadj_éeevz _orfvffec[ via He
ZZMGQ'Y fvaw:ﬁvwazl[oux zléazl c‘ous“;/evlooz,,zl o/i.:zl-r" ey

éu‘f[cn chavactevisdics Slmufo( _?é"’lel’a ”J pe aZ[ow us

zé'o jwea-//? re duce z‘/)e Cow/:u{'af‘zohal Co’h/ofexl'f;, o-F
£Ae ffroémé:/[z[/ a/efnfizl] fo‘f'hczlio’h i. -l_l:_) /76 a /9057711' {Sué')
sed bLhd uq..a/ev?o'ne o ZJ z‘ée Lotansladcos and radadior

.S'Ztef.s‘, [2‘ Séou)o/’ ?E’hevazzfl Mo Zo‘h f: Ae W@CQJJQVJ/ Zo use
’imizx eo/ ”76”' o/'razlic zlev'm:. /97 z_léz.r Ca-rel (.'ZL :Aouloé
5247?18[08 Z.ZO xse a _?uqé{“razlic %6016’2 flrnczlz,'oh c)ezlée -ﬁr‘}vz
I ) = A exp( (B u? +Bu," *... +Bp u,?))
®

D
= A exP "zz=, uzzo

Ih i’éi;s‘ Ca.)'el co'mfu{‘a‘IZo% az coonf/exizz/v J‘ca/e: on27 Z['hea'rz7-
i’l_—x_zzer'm; oﬁﬂ !_(:_l:) /f a /'ao['th(Jué-)JezL Ana/uw/erjohe
the Zz'raur/azléo'nJ rotation andd .Sca[['n} .sz[e/D.s', 7 slouk/'jeumaif;,

JQFf’Zce Zo uce ou]J ome ?Uaa[’ralllc Zerm cn Zbe ex/%we'hz‘.

% thes case, 'meveZJ tbe J;uavec( vidial clistance from Zhe
01'53672 U = © Woulo/ a/»/:em— P z%e GXfo%eh 2‘1 /eaz;/znj z‘o
lw) = A GXP (-3 (u,z +u21+,_.+u_»pl) :Aex’) (-3'7-2),

29/\ /
7‘ ul /% zf/u's ca.re, co'm?uiahonqz Coh})—!ﬁ:
X ai N Xc'f)/ £iS Co'n:zla*hi‘} and 041];, Z4e
O i 1 AR 55 S
Q) = values of A and B are needed per

A exlb(-.Bl/lﬁI/z) /ooZ'th sub-set 're/o?'e.s‘ c"bft‘hj a <lass.
=A exP(-.B'rz)

® IVoie. O’hZ; Com):u.{azlzo-h OJP leas?=

-S;uafres errors /ﬂrovio/esﬂlallﬂ'-‘fe""f"f ZnsigiZ_‘.
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