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lLaPZac"aaq eiq_é?_t,-/)umc.%éon_r (A W“Z{[{uo[e 07[) o(c'.rcrezle o -
andd neuralld medworks:. .. /
Ac""l a'l.ZOYL'aZ O/D{[%:ZG{JO')« Z.Zoo/f

a'ho( ,S'A'F{WGYQ _5‘712‘[91”.: 4’.{' aVac'/aé/e z‘o /pevfoor"kn

A[’jlz‘o/t:we’n:c’ohaz ole-"t—’j”? G/"L‘c“’h«ézalzt'ozo -fooV
Zo? <c c[ycu..’é:, Fovr exa%/a/e/ scrmulated

G’hmeaZZh?‘) co%f‘«‘éa*ioha/ ’he“"az "16’7-"4’0"/(5

a""a/_genef.«:c azior,:'/é"”! are used 7@» 24 o
fh»r/)o.fe. To ac/’l[eve exr.‘ve'».e(7 l‘ujl; Com/puz‘-a"
z.lc'oz-.a[ /Dev‘faov»mm.ce o-Fa /oj.'c JEJ'J 97) o e Ca™
al:o ws e 29 or .S:D_f[e/é/"fl/OJra'm'»—.aéfe jﬂ?—ée
arrays (FPCAs). )
I $Zw9'n.rc.'o1naz¢‘t‘7 qmo( Var..’aé[e f'reo(uczl(a'k. For
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cg%/:u'l-a{:oual and ”Hewov7/.leora?e effzc“e».c]
ct ls zm/nera{zve Zo 'rea/“Ce/ﬁ;y example, Z4 e
bbb (ov lletilvie sl ] Ynviablde k Lovom the inctial
varcable set A’l"‘/ é,h Zo Zhe Zarje.rz‘ o[@jré’e
Pou"é/e‘ el 1 it fma/tlhj sure Zhat £be re~
?u[vey{ classifica Zio, IDPV‘FDV%QV:CQ (a[e;“/ec of
accuvacy e chtir FL el Thle oéJ'ecz‘/maz‘en‘aé
Sarm/ole: ke (Lo {vazm'nj} car lead o lq
cubledandrb] ainbunt o-ﬁfo'feht"[c.217 'veo(w—.o{ahz{',
a/uple'ca{éve Aeta /' Zhe mnumbe, of Variables wse
iwf:z‘{all; Zo chavacterize Ja'm/)(f’ ol ate (6“,_7 Ly

can be unn eceﬂa»i/; large. amd Lhere car oxist
'r-ela'{‘fon5/75/35/616’/09»74[97»::;9: Ae-fWeeh theose Vay.."akles.
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°Laplacian eigenfunctions ,%s«.'o/&/eufs“c/e fests can be
I used | ad lan faltévmadibe
. o the use of multivaviate c[a;;_;é/e,.{;f?znj/
-chchtosz -8}) ]3/ N, Of course, such Lests
are based on o Zest fcmc-!:m.l 72@//(:12 as oul-
I:m{' /fuwc{:“., v lda Mo i R S o«ea(/aro-
badilidy valie bedipwoen O aund |/ hv/ica.z‘(hj
£l e /»Droéaéc'/i/; for éé:hj st del The #erms
cnscde /Oaz‘-fc'a/e ﬂre-ﬁev fo Zhe cases Zhat a
-Sloecc"ﬁ'c z{u/)/e (é“..., Ah)) of a Ja»./;/e Zo be
clacccfied Lies inside or outside £he region
in 4he wsed n-o(:rne‘n-f“oha[/narawe't’-er space
Zhat incdicates memberchip in clasi B2 A

"drivial exge,.,/b/e Y o5 sketched in

b, Zle /e-/)z‘ -/?c’;uve. Heve, a sample
Lol be classaficed éé/ohj.f Zo </a.r,r31
TD‘” exc«'m/,/e/ 4'78 Zl e values o«,fé,
/A'%Lj-'/‘#/q_ andd b, faég:,% 163+ 42 < Ybo.
Thas, Zhe values of by,.., by are irrvelevant ov
"ol T z/pu{c'f/ class=3 'meméerxéa/;, Téu:j

O/P'ée‘r’nv"m('nj Zhe veleveuce sf varralles 6,/52/"_)
éh—i/ é;, -ﬁOV {4@ C[af.("'hve’lﬁéel’_fé‘}o ff‘_ff‘{ 7£oy 8082/, y
.Z/V_,I EA/ LS Slyfrf’hve /7 c"}n/ooy 2/49-,5 7[)0»‘ Maél’h;
cz““'—"p"“af""’? oleccscons i Cam/)“fézl('owa[/ ﬁtfﬂe’maz
"Zme_
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*Laplacian e;gen{’wcz‘zons Haar wavelets 4o 2he most
I basic amd simplect waveleds
su/g/“vz‘:n} o multiveselution vepvesentation of
ée,-g-—-a./g/,rox:maz‘:w} expansions of Luvbhidnlc| ==
using, Zhbe fu 717 ovthonormal bascs of MHaav basis
fumections and o simple underlying "oy adlic grid!
vsed 2o frefre.rg».-é Zhe EO,’J%G/omac’zq via
uniform, egual-velume hyper-—cubes. (This is
?nevel7 a AJJA'/EVC‘Z/ simplistdic o escrip ch'an.}

| T—Ei[ Ho One could cousider £he wse of a Haar
J e, o eira
n 4, ey S ) S22y Coyyy T U)ot o).

° l)"4’, Such a tensor };r»oo/ue_é eXpansion l—/(b“,,.l A,{)

L . woul ol have 4o be cow/;“-fea/ ar o best
le' H3 féecewi.re-c.;h stant Q/’/OVOK“%“{‘.‘JH 7‘00"

5 P80 0 function By do pecform opbimally as

/

g 3-1 -3 a Cza.ff"c‘,olev,f(,'.'[) ik thzlc-(,h-.ﬁoy
IR 22 S i

GL > ld(r-d ex@%/)/e ‘TEfVE’.fe‘h{fVlj clars~
. l) )3' Lf/"_ IIZ‘LI" 8‘“_ %f’méer.fé"/b f’oAaé;lify' #ere)
v g 1 R e o 1 6/7‘/ d s the mumber o.ﬁ Adome by =
3 " 2)3' I.,L'”‘ " 9’ 6L,' 5‘,2]’" M ens: ow.f/ a'nc[ s 11]76‘ o/?acfz’q
T AE oo T i ALk S SRR lution. The lef? -ﬁ;?qye

and Zable skedch 2be Haar

Las:s 'ﬁ“’""léc'()hf and list Zhe mumber of C"E’ff"c"""’%—ﬁ
e zd(r-1)
i.e., -
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'é_?}ozdd"m eiy_G_hfanczz.:uus /Z‘ s /ooJ..ra'A/e z(o oM :c'JEr z{ée

anod newralZ9sne dworvks:..-

-FoZ[owéuj ?u estion: For a S/Oecc'-
Lic mumber ol d 3am/9/es (‘f)/ J.e./ é-z‘a/ole_r
with associctded B"Va/ué’/ ancd a fixed numwber
of dimensions (GL) =or a fixed resoletion (v)=
what ;< Zhe CoYYeJ/oop,a/e."h resoletion Value {‘r}
= oy the Corr?(/)oha/(,'h rum ber of divscn, sions (a//"
such thal £he number o-f g{Ve'h olatq
Sa%f les (.f) eouals {/,,e Number of co -
ef-(-’:e:e».é.r ef a besd e@ppre Xi‘»»az_‘-—'h}
Haar waveled expansion ? As showsr, in Zhe
Zable on 4hbe /f:vevéows Peg e/ Zhe £otal svrumber
of coe-‘f—,&‘cic»zl.c of an Adevariate Haar waveled
eXpansien a;;;—,j e a/yew/ic vetolleblbn Levels s
zd"r-’lp T/'“S/ 7Eov Zhe care S = 20((Y-')owe obtacns:
d("'"):IOJ:. (s). Téere-?ore, Z2he Zwo cyuciel
e?ua{zah c ave: Q) r=1 +Zo;2 (S)/d]ltl,d'-?[ogz (S)/(T-I),
For example | for &= 2%°= 1048576 data samples,
logs (2%°) =20, Zhe Tesulting eguations forl o
anol o ave = 1 #20/d amd o =20/(r-1). I£f
one were o consider 4he use of cl=10 dimensions,
the fotal number of vesolutcons would be r=3:f
one were Zo use a fotal mumber of vesolutions

rr=3l Zhe mumber of climensions would be ol=10.
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T_H_ 5 Con.réa/en'n; z‘ée Lﬂh'Variazle Cese,

B F B a #aar wevelet exfavn.f‘oh can be
'l”rmﬂﬁt‘FpTll I written as W (b) = z c; H. (5) Likere

'b be [o /J e {1, zc?s’o 9 s z‘ée'hm‘«'
bev o-F resolutdion s Lueo( zr#ag er;} Z(‘// //;j
Zr//q, Hs He, #76‘.. ave Zhe Or-ﬂ,o%ov%al basis function
sets for scales 012 3/ B and Cq ave veal-vealsed
coeﬁfz'c&eh{.r. T /e fo/;-/e-fof fc’gqve sketches an

“/’ID YOX*"’HA'LLL'O“) H/A)) ‘«t!c""J, ﬁonv éa.f:.’.( fou»,cz/c'o».J
(Ho, H:, Ha, ”3) f" 0/9-/(—»,4/[/ /’/"’Ox‘—"‘*ﬁ‘ltc“ ?«'veh da{a

Z.ZM/DZCJ (AJ' } J = /. *_S 3 7—11“3 flxe Coh.r'/‘Yﬂc"{r zlo
be used are H(L )-E . H.; (LJ) ;’J/ :r,-/

[n matrix %o{d{conlfé‘,; 57:{'@». s wrvotten ag H a@-= //2'
ryo (6 ) l'/, {é,} 3 Hilles ﬁé'r-a_’ (é ) co B hl- Herel

'/.-3 _z%_‘i_’z_egérﬁwcfwus 39:2‘ #aar wavelet qnoroxi?"ailém.
l a-nol ‘heu‘vr’al
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[ Ho Che] | HiCk) | foenl, Gorl ]| | e, Ep e e

lee ée.rz‘- apfrax«.ona‘fc.oh MEndmd 2 h z‘/ze [Ca-f;L
3_?u4re.r Cryov .« C{E'f‘hec( é = (HT”)"” /A

In 4} e jeﬂc’ra( settin ?/ a 17,_}17 value o-ﬁ .’quc{mhﬂqt‘
Woch/ En "cqtlf A«.}é /)roéaé?/«‘{? 7[3»/ c‘/aJJ:?'%emécrr‘[P.
COh cewy,,;hj ,_Z[,e o,‘?”’a[ %-a/‘.mfwll-oha[ o/on.cu'a .foC?/ 6’444
-Fancﬁ'ou "Z)J:/J.:/"'”I would 04,17 be basecd on q/<<q,, Bl -
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