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] 0331‘CT AND MATERIAL EIGENFUNCTIONS — Canid.

'Laplczcz.a-n el ehfa'ncz‘:.ohs Ge'ne'rau )y one showld not scale
and neural héfWo-r-k.f "
l 448 éox 3 Mmore zllvafn %ece::ar},"
@

P -€., one Choilo move ouliward ou?; omne or Zwo

f 33 Lou'ha/mf; ec/;es (vh the 2$ éox er'm/aZe
Considevec /té"re) z‘/:e outward movement o-f

one or Zwo ec/je: %u.rf be done via a box .SCQ/&":j__
that ensurves Zhat Z‘Aefos‘hzl X well lie om Fhe boun-
gla_ify___of the scaled box . As a conseguence of Zhe
SCaern} oloeraz‘zaw, one well also have Zo properly

I upolate the location of the box cender and ome

o r %ul;‘ip/e éox-l'nkevef»z‘ éa..n‘.r Vec{or.r Wp Con—

Sider amother mumerical example Zo explain thece steps.

32\—-§ ————— o S B e X The !efz‘ 'Fc.yu're
move ~2 l S/mws £/;e enl?("haz
3 T T 4'2 ‘2*) l on .B and z‘/;e

2 =
I 2(‘5‘2 E '\fﬂ]_) éox-éwlzerehf_f7;
® B ’L} fﬁ, steom ole-ﬁzfnea/éf
C l
=(2 ={z%‘ Mmove d {d?) B”lbz}' Z2e
o - i J> consideved ?o[—hf
s ! i ? T il Ll X kas 72044/ coor -

dinates X = (X,) X;)T=(5, 3)T Ween Calculaﬁfnj

Zhe ;)oifhzl'_c Joeal box coorolimatesr gme oéz‘m‘oz:z%ez‘a/o/e
X10.=(2,2)7,c.0., A =(%4,2)"= 28, +2 B> =, bt b,
Simce la,1>1 and layl > ] y Zwo ec{ies of B must be

'movec[ ou{'wara[.
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-__0=__32ch AND MATERIAL EIGENFUNCTIONS — Coni'd.

oLa la¢‘qn ejeh'f)uncfcoh: The 'Fi;u've oh z‘loe ;arrev:ou.s

ancl 'neuva[ e Tworks

])aje 're-Fe—r: 26 thbe new box
coordimate .fy.ﬂfefm as {&, Z‘: ) Ez} The values
of o, ancl o, determine Zhe values meeded for

tbe up dated box coova/,:omz‘e_:c,.rz‘efm. The a—e]«z“'ve/?

.s[fm/o/e_geo'mez‘v;ca[ conolitions #o be satcsfied
Ay fée scaled box 're.rulz"c'nj f'roon 'movzw}_z.‘/;e

'1’9?/12‘ aho[ l‘of ea/;e.r 57‘)3 d@Fl_%e Zer -f’o”o
Wimg e?uczf:.o'n: for C lS and 162 :

T= o+ 5,4-“2’" (2)"'1(0 ):(35 J
E’lz ‘——‘—'“';' Eo = 3/2!‘4 =% (g) 2(8) j

~
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M s mp WEE AT SER AN () A (D,

Co‘nseguehzl/y, ome obtainms dl" (5 3)7~ (3 Ls)
'(3,/5)T '& +1J- 52 Qsex/oeciecé The

x lef’f -F;;uve shows
i oy b,=(%)
B b 2" %! anether example %o
| B E L P
P H"=(°L_9 9%f/:a;£ze that ome
A o @=(5) .
| T N_’L) Mmust use s hS pro-
| E' 7’971 when ca}cu[q-

___________ S i ;_D_P})e'na/c"n} on Zhe

T T T T 0 O TAI 2/28(5) {o ée fmavpc[,
| 2 3 “4 5 & X 1 one must use 5‘.3‘”5
Movih} /efz‘ and bottom @Jgf:_f O'P:B- accor olimjly. oo e
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& 03]3(7‘ AND MATERIAL ZIGENFUNCTIONS - Comnt'd.

‘_L_g?!acian e e-nfu-ncl"ions I'h Z“u'.f exaan/:[e’ z‘l,e Poi’hzl_)_l‘_ hag

e e the 3105::2 coordinates X = (X,,Xz)r
= ( /l l)Tana/ alse lies outside box B. The vrelevant
]foosz{:owa/ vectovr 7o be ex]wex.reo( with ‘)’E’S/DECIL Zo
the box basis vectors is d[:(-‘f,~2)r. Since dl

cam be written ar df = =2 b, =24 =o bb, Tty lﬂz J Zhe

fof'nlu.s‘ docal box "re/ore:e'»ia-lzoo. es )!(z°c=(-2)-2)’:

A;ai'n, lot, | > 1 and Iotzl>l, anol sme must move #Zwo
of the edges of B. As the values of botha, and <,
are _o:f?azltve ) ome must move the left andd bottom
Ei?_e_»_r_ of B — such that the }:o:'m" well bLecome z.‘é(:‘
location of the lowev-=[lefi veviex of the scaled box B,
[% this case,
calculations of the values for {6.‘", E: ) Ez} The
5252 /,H7 ”adju.rz‘ea/” eguah'a»n: Lor Zhe mew :7s¥em are:

one 'mu:z‘ Cowrect‘ZJ use 5‘72’_{ P zlée

e oz..;l lb, *0(.2;-' u)z -.-.('g)--z'- g-.;.(?):(:zs.);
e 2(3) = (B

Ez"’:‘gi—ﬂ‘ 52"’%(?) = (4‘.)5) .

@ IS
ae

N
Y N> = i
( 2 5

These elements of Zhe local coov ddimate system of
box B G alia] dbewa fa Fhe fz?uve om Hze?frev"ou: page.
Relatively 2o this system , eme cbtains the point's po-
sctional vector as c’J\I.'-—-(I,I)T-(#,Z.S')Tz (-31-1.5)2 -l-lT,-l-?Z;.

Thus, Zhe Pozo.i's new coordinates are ¥po.=(~1,-1)" as

exi)eclled. eecoeo
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°LQPZacaa'n e;}ehfa‘»czlwoz: In facl‘) it is evemn si 'm/p[er Zo

a'nal 'né’wral 'he{wov Sz

Understand Zhe mecessary €X-

' Pansion of Zbe éox_@ as Zhe Conseguemce of per-
fo«w;m; ilze _Sflzfztiﬁ?_ OF B (.'hzl‘o Z(WO c/u‘/n( éoxe.r,
whele ensuving that all cormer veviices of Zhese

cheld boxes lie inside B = 0r a mimimally ex-
})qwo(eo( Version of B ) called 53' Thes yzew/oazhz‘
can be exlolaio,ea/ in some de-
tail via the left F.:jwre.
H‘e're) a child box oF‘ox 8

has vertices X, %, ,%; and X4,

Several of these vert:ces lie

ouz‘::’de 3. One can 'relo're.:ehl'

£,1€S'e -Four Vt?’rzl[ce_r wzH, re -

f/:ecz‘ Zo Zhe bex coovilimnate

system L@, b, , bat, i e,

X; =@ +olb teslh, 2l H
Thus, the 2D cosrdinate Zuple of a vertex is (afyoul).
A_Poiow‘zl' lies inscde (or on the éoumo/a'ri o{’)§ when

the values of all its on-:/v:z‘ew coordimates /c'e_c'iz

Zhe interval L-‘l! ’j) cndicated cw the -ﬁ'gu're.

We consider Zhe minimal anol maximal valves of Zhe coords.
of points X; fo delevmeme whether box B mustbe ex-

Pa'na’ea/ anol é/v what amount, TAE’ref’owe we celewlate

OLI,W -mcn[uf cc -rmax{o{. j ot,_ -’hznz[ol f otz -—maxzrdf

i=l.. %,
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-_O__I_BJECT AND MATERIAL FIGENFUNCTIONS — Comt'L.

Loplacian eigenfunctions The imitial extremal a-values
andd mearal wetwovks:. ..

O‘F z‘lle éox 3, é.e., i‘/,e four 60)(

min _

max oy A 3P ISR
Il 2

Cormer vertices, are o “l reiTmlss =1

mna X

g =l Oue mu :z‘_ic/w/tzz‘e these values -foz‘em"qul7-

Aasec{ on z‘/:e on--f/.rz‘e‘m Coora/"fna.z‘e ya/ae e X -
v e m a 018 Xz usia; {/;e fo[[owioz; con olitcioms:

l IF o' < o THEN 7™ =™ ;
[E o8 Sl =t THEN LT e al™ .
. e -
|F 04'2\"” < Mz”u‘w THENQ::“":‘—'¢£"N;

IFM;-WAx > d;nax THEN d;ax el dzMAx

-

'f at least one of these )ooz‘ehz'-zal extremal value
updates s ;oew-ﬁowmea(, ane Well have ! fs mod(fj-t{ée

on C‘oo"ra(f'haZLe 57:1‘9»: {o acA[eve z[Ae ueea/ec/ex/oawsim_

Fe rst ) one Co'mfuz‘e: o(:m.a[= (ot:n""fd:mx)/‘z awa[d:m{-‘-‘ M:m"‘aLm,_qx)/Z i
7
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~
r.3._. 1 o _,_L,’Eo(‘lz el e These "mid-values" define Zhe
S ~
) B 2) : center & for the mew box B as
b b mid T
o of 430 (@) T4 wr ) Second, ome cal-
-1 i E’T! Cula{e: Sca2£'hg facz‘o'r: S, a’-d So 2
) ke 3
Ssd) ST | Gt ST el
| = Iy A
\ L _2_‘_ e S e <5l BT i Thas‘, the éox basis yectors o7e B

f 30)( a’td GXPQMa/c’d Adx- are E:sl E‘ a'hd E; - Sz &2 . Tée /efé
‘ __-E:ju«re clusdrates a scmple “/-—/:oza.z‘ example. }/e'ré;
Q("””V:: ~3/ ; czNsz.Z/ al =<3 aud a}*=2 . The ‘re:u/zli'nj/

¢

new s/v:z‘e’». for B (s ?c'yew. 177 _?_‘:":".'("3/2+2)-3+2)T={'/4!"/2)7;

E’.: Yy b, and 71;;:5/2 by, These box Cxpensions can

lead 26 box-box intersections.
[ X X 4




