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® O.BJEECT AND MATERIAL EIGENFUNCTIONS = Comd'dl.

.QP acian eigenfunctions The _£¢.'3£ in Zhe bozlz‘oh-'r:g_lz_%

an meural hetworkssi,,

cormer of Zhe ;Dfren’ou.r/:a;ei/gﬂ
a ;70(."317.[ set in 2D space — that can be z‘/:ouj/:z‘ of
es a set of sa'mfze: 69107-}641} Zo /"e?’reJ‘P'», z‘:«nja
.s/oec..’-f’:c material clasc. The /m—je.rz‘ éouwo/:nj box B,
while z‘:j/n‘l], e'nclv.r;fnj the point sez‘) cs mo# suffecient,
One cam clequf see _g_c‘j_/z_zf distinet /aohzz‘ clusders

cnscde :B, S AR e e ion/l{/_.:/oace”éez‘ween
the clusters. Th é"re‘Forel when CQ/cu(az‘:fn}-z%e proposed
'f_é_i;ll'&em “measure i gl aha/co'n-r[c/P'YL"h? the defined
value of a fmzfm‘fmalllv vegquived T-value, Zhe box B
wosé [zlfely we ll ée—ﬁéJ’ ectd Zo wuizliflelle/:eafeo(
L[wa'\'] subolivision steps. (More /fwec:.re/;,/ Zle
/foac"nz‘ set well be .méo{ecz‘ Zo fmulz‘:fle/ rwf/m::c:z‘ee/ be-

navy subdivisiom :z‘e/:.r, feweraz‘;oz} sub=boxes By,
§I,$OO) i 8[',3°°°) p-.)‘BIN .) Si'nce ”;De'r-fecz‘ Me -
sz‘z'»} ¥ is mast 4"»,/"0071.141:1‘ -for Zhe %a/'ov[{} o-ﬁf»rac-
z‘[ca”;, a'r[.s-e,h? cases , thes detailedd examp le shetched

/ 7
anel fre/ove.re*m.lea[ in Vardious ’P?uhfaleu% W"f" ‘o Zhe

previous page e’m/:/m.r[ze: Zhe relationships between

(2) Zhe point set exh: boding cluster chavacteristics

(éoz‘z‘ofm-'n‘jéf fz?uvel; (ci) Zhe cluster-incluced geo-
metrical h[evarc£74_o£ Asu'na/"»j M/&ox Tejr:o'n;(lzop-
“left clustration); €ii) 2he abstract binary free dete
strecture Tepresentin e kg’e'ra*cliy (Aoz‘z‘a'm-le-ﬁz'-slez‘ch);
and (‘-\')a"{favm-sal table" (Z‘op~73}lzf)-for clasu’f[ctzflc'n.

®e
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i _L__c_z?Zaci.a'n eé;f_hﬂuz‘ims T‘l e "z"ra versal Zable i om P /"
a d be ] u-ral " £Wo'r/( Saes 7
i i ; (711812023) de fimes how Zbe

’5‘ ‘hode tree used in z‘/,e e>¢a'm/>/e s f'raver.rea[

2{'0 c41culatz9 a cla.c_r-'m«z‘c/: f'roéaéc'/c'zi} ﬁr a
z{o'-ée-c/a.rn.’fozé’a(;:azhz‘. The 1627 il of the
”ZéTaver.rqz z‘aé/e # —_ Numberec, '/,1’0711 O s (37 7 Show

all-fo.r_n'é/e vaversal cases 7[;" Zhes ”/aerfec{ % st 9 "

scenario. We conside~ some of the I8 cases defined

éy 2be rows in the “Zraversal fable” in move detacl.

Row O: Point w is outside box B; PIxi=0 .
Row t @ Point w és inscde box B AND outside box Be
AND outside box By; Pix) =0 .
Row 2 : Poim? w (s inside box B AND inside box Bo
S AND outside box Bog AND outside box Boy;
Pix) = 0.
Row 4+ : Polwmt x is imsidde box B AND imside box Bo
AND inmside box Boo AND ouiside box Booo
AND oiudside box Booy ; Pexi=0.
Row 8 : Poimt X is imside box B AND ruside box Bo
AND inside box Boo AND inside boxBooo 3
Pex) = Poso .

1 Summary, it s 01:2} Po:;ié/e fo Poz‘e»zh‘al(]/ obZain
Q Va?ae ?()?‘) >0 WAE“h flze io-ée-::)a::[fa"eo( Poihz"__)\i

Zae; .Z'nsfo{e box ~Booc) 300:, Booo, cee OT Bul .
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'La?Zczc‘aaz P‘jé’%ﬂwﬂ‘whs Since 2 Cs T™im P'n’nc;}ale —Pos!zéle
a'hd 'neu—.—ql 'nefworks
fkazl z‘ée ?eo'mef'mcal Co%a/(,zl¢0h_f

'Fo'r =3 _”Pe'r-,[)ecf 'nesz‘c’w?:: ofa

box /ozc"rafrc/77 are _'r_l'l_‘ fu”}

satisfied, one could consi-

der Zhe a[e.n_'?'n and use of a
bos fmafanulah'oh a/jorc'{é'}n.
The left -Fo'?wre shows an

EXafmple of a_"fe rfer.f 9’9-’{""7_”

fxa», (e of?
Trerfect ‘nest'c.'hj_'.

wheve all Saé.re-l-/.falper.rezL
end Mon-intersection comdli-
Zioms ave satisfied iwn fhe
entire 7""Lox A;EYQYC/I7.
For exa'm?/e, 4'75 one of Zhe
box cerner VE’ert_’cerof)go
lied ouiside B, one could

o e L - :J;) | Gm/aZo/ a schch?‘o/peraz‘I_o;,

WOV{."Z? ' Zbat cormev vertex
of Bo onte #be box éouha/my/ ofB. The second fi-
Gure on this page refers Zo such a covmer verdex
outsile Bas 5. Box B used in Zhés example has
C=(21)" as its conter and b,=12,0) and b,=(0,1)7
as its o*rz‘/mjofnql box basis Vecz‘ov.r Tlm;aom-[ X

lzas z‘lre jZOAaZ COovo/uhafe zlufle (X,lxz) (3 3) LZLS co-

ordinate fuple velative 2o 2he Local System {c, B, b,5:s
Xrge = (‘/2, 2)1-.
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‘Lap!acc‘au eigenfunctions The coordimate Zuple for ¥Xp,. is

andd neural networks:...

obtained é;,_;»_r_aj_ﬂ:j;_z%e vec-

Zov ol = =@ =(3,3)T~(2,1)" =(1,2)  omds Zhe Zwo

Orz‘-/)o?o'naz basis vectovs b, and b, d el
Cdl, B Y N80 = L2 1200/ % = W
ol , oy £ B 0* = (LT [ o317/ [ 1= 2 |,

Thus‘) Xige = ('/2, 201 [This [dabrdimats tuple in—
cicadles the Zhe_peint lies oudside box B — scnce
Zhe secomod coorolimate value is 2 . A.;)tbi—nz‘ lies
Luside or om Zhe éoa’hc/a'ry of box B of e ABSO—-
LUTE VALUES of all coovelimates of o aTe

.S'fmq_ZZe'r féa'n or egual 2o ome. The lowev -P::«'re

03 Zhe previous page Shows Zhe /)oihf §=(2.5') 2]"
Z‘Aal‘ l[es o 1l/1e £0/> 60«4,4(&17 ofﬁ a'hcl woula( ZLAh.S
Le “a‘:‘ce/;l(aéle"}' Aul‘ céao:?_a‘_a«._j_z‘éehpoiwz“: /OCGZI’Zah

s mot a Viable 0/797'42[:_‘0;1 . Box Bwmust be scaled.

X :
ZA § } X _(g) Suhce on[y Zbe absolute value of{/;e
~ .Secohc/ coordimate OF)xlec ‘s /arje'r'
24 B 4 ]
Zhaa one, we 0%17 Mmu st Eﬁmfno( B i
& a E, c’z‘: on-i'née'renz‘ Secondl olz'rec{coh,

;l For exa'mPZel we can scale bassis vector
' © : 2 é iy b Ly__g) P'roo/«ci'hj b4 '-'(0,2),588 1876?.‘

Scaling box B ££3a¢e. The new coordimates of 4be poc‘hz"
b acdor 2 ¢ ~-
‘lseihaléox a/c"r:cfion." 'rela{;ye {o Aax 3 are (d,) u’,)/”bs,ﬂz ='/z a'nol

<C’!IJ’E;.>/”E2”1 = (II)Z).; (O,Z)’)I‘-/-_:.i ”




