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the overall O/zz‘:'mizazlc’o’z
objective of ca?cwlaz‘,:uy
3/:2‘;%,,‘1 ?“Va/ae.r, i.e.,

op imal /*m-oéa éi/c‘z‘/ values

for class=smen 697:490, The lef?
f:?_i_e is a skedch of the box
_?eo'mez‘r}_ of a Zree with voot
nocle B /zaw"n} £he Zwo chelodren
Bo (wetl 2bhe Zwo childven B, ana B,,) aadﬂ, (with
the two childven Bio ancd By ). The described tree

construction methed ¢s é'khevefhij a/e'feo—'mz'm‘siicl

.W/ZE'h Oarm/ouzléfhj fée jeo’hefv[cqz C‘/m'raczlerz.rz‘.r 073
6oxer(wée'n fe'rfov'rmifrz? G'efeaz‘@a[ Ac’wqr} box :/ol"z‘zlzng),

T/ze__}ea'mefvj of each box is defined, for example
A} cts center and ifs ovientation andl scalel‘?c‘rez
éy Fhle D bos Lhsdle pocsare (mo£ marioaliziec ) Tlms,
the P=value com/:uz‘eo( for a Zo~be~classified poin? X
C_{_el'ueom/s on Zhese geomedrical chavactderistics of all

boxes ¢ 2he box Zree. T/zerefo-re/ one can understaxrd
fée COMIJqulLC'O'h_ 076 Z‘lze_gé‘omef'ry 070 a22 boxes as Q- ZOBQZ

_gpfc"m[zafion onb)é’m.
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’Qf&zcia'h eigenfunctions The presentec, methoo for ode-

ahd mewural Cetworks: ..

fe'r'm éou‘:ztac on il'ree co'n:{'rucl'ioh

(s a l’?‘veedy "'me#oa( —~ andl o/oe.r 'hozL?f—cr_rue z‘ée

goal of a'l'fe?nfi'ifn} io_jefne'razte, ajZoéaZZJ_'near-
=optimal box Zree (geofmer.‘rjl' [eaa/['hj £o mear -
-offé'mal P-value Cow/puz‘aﬁaw 7@,, a sfeczfe:eo(
Number of boxes Zo be produced. Comseguently,
the _:'?uaZJ{]” of a box Zrec is defimned 67 iAe_”;zm-
251‘7" of P-values #hat impact the overall classi=

-Fc'ca Jw’o*n Perfovma»nce 'mef'rc'c. O'n_e Camn censider Zhe

wuse and aalafzéé‘éion 070 yvariougs gZoéa,Z) com bing fo'réaé

Sj)i&mézafioh af;n«aacée: for ZLhe near-optimal com-
putation of fhe-?eo'wzezlYJ of a fixeod mumber o f
boxes., For example, one can consider GENETIC
ALGORITHMS =< :/ﬁecéchc class of@w(az‘zonarj/
al?o'n‘i/ym: — for Zfis purpose. The P-value com-
puled fo-r a Zo-be-classcfiecl ;aoc:azz‘ \'e ‘re;)ve.reuzl.r
Zhe point's czas:-'meuéer:k[ﬁ_f'roéaAz/:z‘z_(z:n e gane-
Tal multi-class classcfecation :ez‘zle.’u? ; & Therefore,
the P-values co'm/:uzl&&( _c_'_o_u/nacz‘ Zhe nym bersof
TN s, Tps, FNs, FPe anol MCs (fnu’s-c/a:.n'fe’c*az‘{on:)
— Zhat oletevmmie £he value of 2he functios used
4o calculate Zhe classification 57:{9»'3’ overall

e _7)97][’077"&416&’ as O/c'.S‘ca.m'ea\/ éefonre_ The goal is 2o

maximize z%e‘perfornance function via 330&11 op-

dimization of Zhe box ZTee.
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'—L;f,fliii‘i’le"if%’pffcﬁff.f‘s In Zhe -foZZowew}, basic comcepds
used in Zhe o/e.s‘é;’k oﬁjerhez‘zc

alyoo-a.‘z‘éfms (GAs) are reviewed at a ﬁuyé level.
The a/e.rcra/oz"‘c’ou of these concepts ds dveven é/v
the gOQZ of 3/)5‘4‘7414‘2“41;_/93704::é:/z:‘; (P-valve)

c:o«n.f«t‘a{zows via @ hievarchiecal, é:»ar;, éo:.o*ha/['h}

box data stvuctuve. The escential comcepts are

e ?Opuzazlcb'n. When ao/a/:t‘é*nj GA concepts Zo

our seszLi'nj ) @ /aofuZai!Jo‘h ConsSists ofoa-fez/'

of éndividual members )i, e., a set of
box #£veces .

o Fitness, Facl })o/)u2az£¢'oo¢ member has an asso-
ciated fitresr value . Inm our scenario, the
fitdmess of a box Zree is Zhe classifica~—
Zcom S;.rzle'»?'.f performanece value Tesulting
whes “sing Z2bes box Zree -ﬁv c?a:.rzfc.'caz‘[oh.

’_fo._s/u_vﬂ?_: Members of a /@o/oulaz‘zo*h (u.mqllg/

M ember fqi'r.r) cann /"J'roa/uce rew, 'hexz’-—jehe-

Tation members 67 ”cm’,ézm'a,j“zlée{r chavacte -
Tisties. The joa/ is 2o improve overall fetmness.

® Selection. The Fitness values of individual mem-
bers are used to estallish an order for Zhe
members, with Lthe fittest members at Zhe top

of Zhis evder. Whex pro o/ucifn} e{’f.?pvzn;, members
with h“j/:e-r fidness values ave an'ow.'z‘zzea/ Lor

producing offspring.




Be‘rno[ Hamann -9 - 8/7/2023
Stratovam

.oz;zcr AND MATERIAL EIGENFUNCTIONS — Con U,

an_p( meu—ral ’neéwovka‘ - SRR

IOA_c_zflacza—n cigenfunctions ® Elimination. G‘e'he'ra”/' Zhe
Pof&[alzc'os, séze should be

) constant ) l.e., when an o-/?-f).rf'rc'hj produaction
step introduces K new members, Zhen Z4e GA
will have 20 ©liminate K old smemébers,

® Clombiviation | Récommbinadion . Whed using Fwo
selected members for of’fsfo-.:o.? production,
Zhe chavaclevistics of Zhe selected members
are combined fo ectablish Fhe off.rpr:w?fy
characteristics. In Zhe .é.:o/oj.«:cal context, Zhis

Sz‘e}vp Gz ée vieweed er zfmf/e’meon‘ea/cz: 2(4e cross-
over wTecombination process — where Zhe Zerm
crossover refevs 2o Zhe selection and mew com-

éc"haf(.’oo, o;e /oq'rt".r o-,@ e 'meméa’r:'cAvomo.rome:.

e Mutation . Co«us:o(e-r{'nj our o('ro‘vi'h} a/zflicaz‘zou,
=T ?'roo(uCJ'n} of’,l’.r/n;o,} box trees, mutation
can be understood as £le rawnoom c/mn?e
of one (or onulézf/e) chavacteristicts) of a new
o{’-f:pﬂr:wj wrember. A}a[%, 2his Zevom re fers
45 a éf.'o/o?{.caz phemnomenon, the random
c/za'n?e{.s') En am o,f,frfvzfnjfs'jeavezlzc 'n,a/re-u/a.

®Characteristics. In our case, the characteristics
of @ meméber ,i.e., of an inclividual box Zree,

are Zhe cew%ev/oozmz‘: and 2he D basis vee Lors

('»mfualz)« orﬂzoiamall not 'no'r'malc'z ed) o-F z‘ée ones.
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e Lachzczan eigenfunctions ® Characteristics. Assum:o?j;
“and meural weZworks:...
that a box £vee is viewed
D=2 as @ tree cbtained afite~
"')2 Pe')’foy%f’n} ""GP@Q‘LLGG( 64"‘
C ‘b. ’hay} on .S‘/D[['llft"’?} L ZL"MES'
xz -Fo'r a ?L"Ve'h éwz:!quéox3,
Data a/ef«:-m"ng floe z(ozécclfhwmé er 076 6oxe:
X| a SZ'h}le box. B4
im the dvee (#ree fuoo/es) (s
l 1 + 2 + 4 +."'I'2L - zLﬁ,‘ TAeo—efove, Ca'n:[a/e'rzh}
boxes in D-odimensional space, Zhe number of
]

center poimts cs DETEN amol Lhe mumber o £ basis
vectors ¢s D-(24%'-1), com;:/ez‘e{} a/eﬁ'»i'n}
the ?Eo'me{-r/ of one box z‘ree.The‘éﬁ_f_zji-_r_q
Shows Zhe clata a/efé'hé'hj Zhe ;eo'mezlw—ly of one box.
® |nitial P_gfulql‘éo%/;’-'iﬂa_lZo/)ulaiéon. Giver Zhe
nitial sm..f/e /Doiwzl c/o‘.o(;%;; »re?rre_fm,-z;»} the

class ée;'h} co"n:éo/efrec/, ome mus?d €stalblich an
cnctecal box Zree /Do})u/azlioh cwn.r;.rz‘am.} of T
Zrees. For exa'mf[e, one can consider Fhe design
of @ method Zhat combines determimnistic and
random step Zo create #vee geomeltry. The ini-
Zsal populatiom — generation O — (s subse—
guefnél7 usec/ %o perforn selectcon and OFFS/DW'WJ-
gen e"rafl'nj opera tions, z‘éereéy,;)ro a/uchzda,_jenera-
deons ’) 2,3,... The GA Zerminates when alvo)oalat‘zon

has a member zecdinj Zo Zhe _‘7:‘9_7«:790( classifecetion ?_{Tﬁ’"””“"‘&




