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wOBJECT AND MATERIAL EIGENFUNCTIONS = Cond’dl.

s é__cgp[czcéah eL‘jE}:fmva"”J C O'nsia/en:'nj Zh:s /oa;u'éc'ltéj ) we must

and meural nedworks:...

d—c‘s{zu?az:é between Zhese Zwo cases:

i) LX) =] +¢,(X,-1) =0 > X, = [=04| | cla0

"°°<X,£ "‘/c,

{so,
éL(XI) >O '_l/c'<x‘<-®

1

)0,-oo<x,<l°‘/c,
L(X/)§SO ‘I"/C,SY,<°°

il EAX,) ==+ (X, +l] =0 5 X = J+7 |&%0

-0 < X = |+,

"FDY' O<C'<w;

'Fo" -0 < c‘<0.

<0
%L(X,){ /i
>Ol ,+/C'<X,<°o ‘Fo'r O(C’<OO’-

‘F"" -<c <O,

>0 , =< X, < |+,
Ux,){( , :

0 ’ '+‘/C‘£ X,<°°

f‘:zejqfive.’ + |[— The lef? 7P£juve shows how
c,posz_’fzve: = |4 Zhe X,- live ¢s 5/;/:‘1‘- nto
) — B e S S S
| hegative axnd sctcve Aazf-
I_ '/C, X' j T IDO /
i) peces of X3 il for
The Xi=line ¢s split cmto co-fc,:l (az.‘ X= 1+, for

ha(f‘slaace: -For c°+c‘-="7..l.

Cot c,:-l),
./VO f&. We lzczve con.:c'o/e'rea(ihe [[‘heaﬂ— fioly'ho'm:el fam;/ie_r
LX) =bcl+e, X ; LIX,)=cot-X, and LIX)=H1-c)+c X,

The fuwczlc‘oh_f L _s‘fZ[z[ Zbe X,‘Z;‘ne at Zle location X:
WA er e L=0' as d,,':cur.reo(. /'k 62// ZZAYPe c:q:e,g‘l Zlée 205{-
Zive ‘+ ('nejai‘[ve ~?) ka/f—sloace s the space “Ie f£ of X,

where L=0" whewn #he c,-value i5 neyqt‘ive (;oosit‘ive).
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- OB;{ECT AND MATERIAL FIGENFUNCTIONS = Cond'd.

s LafZaa'an ei;f_szcfc‘au_r We now consider a 7257:21, V€r7 -“""f/e,
ane meural neldworks:..,

LX), LX)

’nzoz‘[Vaz‘Cfnj exafm/a_l_c: Zo see how

SN

a linear foli'nom[az L can be con-
Stvucted 2o define a 'nejaz‘zve
ha lf-space o Zha? cobdalne | four
?(..Ve'h /ovzoqzls (X,“Value.r), x;=¢, é=l. %

® e
For si'n./wlzc:{?l we conscder Zhe
./_\3:\\, fo/J’ho%uZaZihoe L(X,)*—-Co"l’i(l.
//’,S = T/vu.; £he ;OQZ is 2o CO"m/ouZLe an
s LX) +X, -Ofi‘i'maz CaTValie. 7'4[5/}»«:&/@7:1

dnvolves ‘Fol-c'r i e_?ualifies Zo be Sa-&':fleol-‘ L(x;}=c°-x;50,

CO—ISO/ CO‘ZSOI 60-350, Co-tl'so. ,Q’L

Z=/...‘f} <. e.,

addition 26 Zhese fouv éwe‘?ua&‘éi con.rzlrazu{:} one

Wahzl.r zéo Menmiz € fl)e St aﬁ éée fiuaveo( ode -

stances bedween 2he x;-valies anol the X’“lzue
S/DZ:.'ZZ Pazhzl/locqz‘zoh co. We define _d_£=c!(x,=x;)=
Liexgy J U =liexy =corxs [e=f ¥ (Hora [ =1.)7his
Zhe sum %o be minim/zed is S= (co;l)z*...+lc°-‘f)z,
I order Zo minimize Zhis Sum, i’-‘—'fé.f(co)‘—' 2(cs-1)+..
+2(ce—4%) =0 muséd hold. The 're.s'uZch"nj conddition
Ls #co= 10> €0 =2.5, SINCE ALL FouR IN-
EQUALITIES MUsT BE SATISFIED, € £ 1 MUST
BE SATISFIED = AND THERFFORE co=) /s
THE NFFDPED OPT/MAL SoLuTionN: LX)=1-X,.
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™) oz;zrc-r AND MATERIAL EIGENFUNCTIONS - Coni'd.

'_L__E]DZchafn eijg—:_fu'ncfiowj In addition 2o Zhis fag’r.rzl lénear

and meural“nedworks:...

f627'ho1vzia// We must calculate
Q@ secondl )o_g{} %o al Zo ’re/ov&renzl Zhe interval (Zhe
"_ng‘z_oi"f on Zhe X,-Line Zhat contains all four

x;-values and has w:oz:»..a! [an'//l- 7he SG’COh&/;)o{;-
momial (s chosen as L (X, )=So+]-X, . The Sequence

of steps Zo determine Zhe value of & is the same

sejc?u ence y we Symmarize 0»2] 2be main s{ef_f_.‘

I e o ~ ~ ~
o Ltx;)=c *x.20 g S| A S-2 0C <3 A <% |

HICEE b A 90 [l M- Y A 5D Bk

y d/dgg S =38"=2:(%2[+10],

«| S/ = 88,410 =0 & & =~2.5

® Co‘no[lféou: c’:\;:‘-l/\”_/\ 2:6-4,\2“;5—2..5'92;:-4,

Solutiomn: ?:(X,)=-‘I'+X; 4

-\
L L X' The _[_ef’z‘ sketch cllystrates Zbe
o;nzlz.’m«ql vesaltl The mcrimal-

|l 2. 3 .
+l= =l
xml‘nz’ qux=Lf'

r"'cg’:oh Rﬁ k ::[x'm'h) thx] =E’l L’-j’ 7-48 Zwo
“Aouhc/av[es" o7E 7\) are fAe Zwo
hyfefr-/ola'he; X,= Xpine = | anol X,:x,,,ax=l/-, c'.e.]
Zlée X,"Va/he: WAE’YG Zhe fz\j[_f’—.s'/oqce-c/ef;hzq,;, [t-_
rear }’boZJ'hom—,;aZJ Ll gnldi L [hove Zhe valie O, Thus,
I a velue x ¢s VIEWED AS A VALUE BELONEING To THE
CLASS REPRESENTED BY R IF (Lx)SOALi50)=TRUE

Zeh?z‘/z therVa[):_ngowz 72) Zs




Bernd Hamann ~24- 3/26/2023

Stratovan

WOBJECT AND MATERIAL E|GENFUNCTIONS = Cond'd.

'/___Qflqm:an eéj_e_v_zfuncz‘zohs We Mow conscider Zbe i ear pro=
anc! neural nedworks:...

j’rah’hi’h} ?roé/e'm /Aazl' one 'mun.L
I cle-f[*ne enel salve o Ca[cuZa‘ée Zbe Coe-ﬁﬁ;cieu-}: Co

an o/ 2‘: of £l,e Z:.'f»z o ;oo/;'no'm:a/: .Sc"hvu/zla'heou.rl}
. SRR,

— 4 ')m?nimizi'n} (f'u.rzl one cost fuhcz‘c’ou. We wse
\L(X'); E,(Xo) 2be evemn simpler example

Co=l ZV/X,)-':'E;‘P)&/’ Shown énw £he left 75"; uve,
2%// > Wl:eve o'nZ} Zwo )("Value: de-
.-Fh«e the -7;-9?1:011 rlz assocé ~
= L(X,)=c°-x, atecd weth the class c-)e in-

AL

/ . I Il
<& B > zfere.rz‘/ cled X, =x, and XI- X5,
C e .
// it i Usz»n] 2he motation 7[))'0741 Zhe
~
// c°=-2 previous exaouf[e/ we obtaim:

25%9_?«&167.{[2.? and | Co:{ fauhc-
Ziom 7?.:7 L(X,)‘-‘co'-x,-' Co=lAc. s A $=(c°—lﬁ(co-2)z”min

o~ A A L ®
andd for L (X5 ¥ X2 o= a ::\;$-2AS:(co-l-l}z«b(co-c-z)zémn,

For :(:"m/z!e linear }:*roy"ra'm'»u"h? P blems [Like
Zhese, 6ne can use the WOLFRAM ALPHA linean"

P*O?‘ra%%’""j solver {WZJj_e_i}; *fa'r Zhe Zwo mimi —

mization f”roé[ew.r one would use Zhes _{3;>_u_i_-.'

I L(X): Optimize Min; function §+2¢i~6¢q ;

subject Zol ege=] o e=2 > co=1.
t(X,)= 07z‘£m:ze Né‘h" funcfc'oo. 5""2:::2'/'62;;
subject 2o 2‘;<=-I) :.':<='2 > c.==2.
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g O.EJ.E'CT AND MATERIAL FIGENFUNCTIONS = Con2’d.

‘L_aPZacia'n e::j_e:.fumcz‘io%.r T/lusl Zhe Zwo Zc“nea‘r/’)o J’no’vnc'a Lx
and mnewral 'he{h’orks:,,_

ole{’iwc"‘n} Zhe Zwo A7f>er—}>1<me
Aou‘ha(avc'e.rl a'no[ fkeyefore ZLl»e ’rejfoh /::’12‘6’14’4& ‘p,
are L {X,) = "‘Xl and Z(X,)=‘2+X,. I£ c‘sPo.vxc'é/e

Zo compute Zhe coefficients c, amd &g AJ’ Combining

2he Zwo umivaviate linear P_vj}'ra'm'mzh}__?foéle-m: imto

one bivariate limnear 7:Jrammza}-fvoélem_ We a».l;,
must comsider all c"ne?uqlc‘z‘} conoditions and define
Zhe meeded cost funcdion via addition s
O?fc’-m:ze Min 2 fuwcfc’ch IO+2(c°2-2;2)+6(-co+E:);
SMLJ.eC£ 2o e€g<=l, cg<=2 co<==1, Tq<==2
el e TelI-2).
The fact that it is possible Zo compute Zhe unknown

co e-ﬁ’{?c—cc‘?%zl Va]ue.r of "mu/zlz/:fe Z;‘heq"r/'ao{;fno'miaz.r
— Zbat o/efoi-he [ /’cla.r.r 'rejc’oz. 'R Veiaq 'hejqz‘[lfe .lm/f'

# 1 i
‘S/Jace: — simultan eou:{} (s relevan? for our

ch.r.rzfo‘cazLZoa? aZ?Z[cach'o‘h. T/m.fl zlle propey o/e-fc'-

01[2{'5091 as ol J‘o[ul‘[ou a-F Zfl:e Z[%eqvfyaj—rqm'm“—u?/

/'D'ro é/e’h J Wc'z% QU/wa/;eY eh e}guq/c’z‘c’e: andd q/D‘rofe-r
cos# -Fu»nc:!c’o'n) s Z‘ée %oSZL z"m/aovzlafn-l—l andd alse

chZ/eq.,ji-h}I /’qut(- a-ﬁ 5‘4,¢4 any affa-roac/g,
® Note For examv/afe/ ifone is j[l/eh Q/Oo(:ozi- set {(xe,yg){ﬁ-:',
in 2he (X,,Xz)'/gza.he and Wants Zo o;:z‘&ma?/; co,,,/;uz‘e

Zhree 'heja&’ve éa/;f-:/oace.r c/e,fzm"nj e Teglon B fivZe
Poi'hi' Se'Z', one musé CQZCuZQ{'e Lj()(,' xz)=Cé+C§X,+Cszgl

2,': 1,2,3 ) £ €. Mine coeflLicients € «

®ee




