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ool Ahe snreograle meadel, aodd W) opebimization sppeons hes 7 L

hieee isgues are poperly adidvesres|, =urcopate roesi Il Taasedl npstini.

zabing hecomes ame] elfective aned elficient Loal Tor irllll|l|l":lt syslem

themipn
Tlhrrn arn a variely of altepnatives for Chese dillorend izsaes,
lllllljllu‘!‘| I"'lﬂl"l

Tese r'_1.1||1|r|r'. repanding is=ae |} Patin Ttvlrr'lfhru .
Linmal Thesirn, nmd, A-C0adianal aoed TR0 ptimnl saopling;
Classical Mon-Linear Repoession, Asbificial Neoaoal Netwoek M.
dlels, annd, I:'1|nr._|,- Mevelels; anel issne |||j Faren] Ciraldienl based (e
Miselified] Mewlon's Method), Loeal Diceel Semich Methoals [op

i}l"’\’"lli“ ::I-rlll'lrl'x ,|'1l"ll'|1idj -'II1'|'1 [:]II]ITLI ﬁr:\.rr h :I' H “r'ur'l.il:' A!

VilTepent atlioes liave fornsed

ihiee i)

porithonz) eplivnization et lisls
their allention an particolae methods or issnes For ecaoopde, Her
narele el al (1992} mdidiess the oplimization of Integialed Cireoit,
Piesipn nsing, sequential cxperimentation, the poeleling of AT
stmmlator ol pils as realizations of stochastic processes, and nn
adaplive rambom =earch alporithon Te oplimization poarposes. Xin
eboal (100M), progesed a pradienl Tased aplimizalion procodure
Ehial, dove on pros steem " Pageannhid r'x]rr'rlnlrlil.hr ||r<|n|l|t. nmel !'||.'.';'.l"|,r sirrn-
rale mendels; thear stealepy haa Tesen appelied o Che optimization of
a wenlical GV progess. Yesilyurt andd Patern (19495), presented a
-valilates] statistical Framewionh Tor the consteacbion and

validating ol svrropales oo compuler madels and illustrate Lheir
metlelelog y widh D optinrization of eddy-promater beal exelian-
gres. Yesilymd eloal o (1096) have expaicded Uwir methodology
Loy romsisder wodsy competer simulations amed have applied il to e
preolidesn of precdicting e elfec e comduetivity of 8 rapdom lihroas
comnposite makerial Osio amd Amon (1996) deseloped an adaptive
engineering design methodology based on ayesian suniogales for
the ellicienl tse of compuler snnolalions of pliysical momlels, and
rvaluate its peaformanee with the assistanee ol a koown analyEical
functiom and a theroal design probidems of an eibedadis] electoni
rhill [} ullﬁgllr.‘t{.inrl_

This studly presents an integrated appreoach for Lhe solutinn of
complex oplimization prolidems in thermoscienen reseanch with il
freenl allermatives for sworogate model hased optimization. Spoecifi-
cally, A-Optimalf Classical Linear Negression Analysis, Latin Ty-
preeciubef Arlificial Nearal Metworks, aml Latin Hygrecenbe/Pozzy
Maodel (Sugenn Lype). ‘These alternatives ate conpled wille local
{mmlilied Nowton's sethed) aml glolal {(Genetic Algarithms) op-
Linmizalion mnelhends Their aelative jre [t ipsne i in f‘:vall!:‘l.lml Iiﬁillp_’
a caae sbwdy ihal conshlers aomedel for the problem of Goding the
|1||F:i|||r'|! Lherinal 4|:~.'-'.ip1'r|| ol am 1"|r||rr|!r1vr-1l elrclrombe -:rmli,&,lrr.'\!.im:, H
manulacburing alleroative for por Lalde 2l handlield electronic BYE-

tems [(Fenn amed Avnen, 1996G) The svalination considors Ir‘mtll!lilu;

(emean sepenre eoror, maximom and ininmm eeror) and aplimiza.

Linm cuiteria

PROBLEM DEFINITION
In peneral, the problem of interest,
Wh"ll i"t |III‘ il ﬁ[ hﬂllrllj‘llv r'nruli“uu* ilqiljjl n'uleri ;“n: o IT"IHI-

ety valwes, associated with n rln v (ol Gebid |uul-|1r-u|. lenestod
is mini-

can lie stated as follows:

Iry 1’ s thial o piven vicdor of r:|r||'11rl.r T tinns, fl:f]_
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In thevmmoseienee pegean by, the cited oplimization probico
i r_nnm;\_ll R :-:llr'rin| fratuwres, namely

Trne rorneumeng and hanifed number af abpeeline funclien con.
The alijective Tunction evaloations usnally invalves the

As a =muil

h:-"l:fh?"l'r
mamneeieal solutioen ol a Lhermadlonl ield pooblem

rarh nlgective funetion evaluation tequites the solution of a -
ol non-linear partial dilferential cqualioms, which, in geseral, ae
compoiationally demamling aned require a significanl ameest o7
commputer e Cnnsidering the time ronstraints impgscd by e
analysinflesipn envirominents, in partienlar, those associated wi
the electronic industry, the possible sombier of objective fusclion *
evaluationa ta be conducted in Uiernessoienee research oplimization fl

problems, are secionaly ronsteained
Large destgn apace and nanlinear salwitan apare. The problem

al laml s typically an inverse peolilem Clonsequently, the des-

ign space a8 rather large, sl the added dilficulty that, doe o v
nosnlioear nabwee of Uhe gereailenn of fnterest, U soperposition peo
1'i'|'|ll- il nnl .‘1r1jr|1f amel ean pol e used 1o =il1l[1lil}' the search fop 43
oprlirnal salitions y g

Some representative exmmples ' .-..

Fddy poomnnter feat erclangers For a given theemofllonl vk 5
gparalinn, whal is the edidyeprenncter placeinent and radios, which%
miininneize pomping prower and edidy peoater valume, and maintain 45

a trmpenally amd spatinlly averapge hottom - wall ieal Mux oot signe
ficantly lowes than a given mmminal value? (Yesilyurt and "atera, |,
;EI

AT
- ™

1905 L
Induatrial furnace deargn
mmenk anel characbevistics, lurnace geometsy and material prope:e

What shonld e the hurner plare. 32

LS
Flad el

which minimize e dillerence hietween e pepected lemperatuies ¢ &

i

anil hieat Mxes in the Mrnace amd Ahose peovided by the designT;
Thernl design af electvonee aysteins For a given uIErII'I“ﬂI“'.__‘"

configmration, whal scl ol paramcleis (eg  material propestcs,

aml E_T'IIIIII'“"i'F charac tepistics], wonled e avide the minimom opera-

ting temprratures, suljech fo clectiical, mannfactaring, lﬂd mﬁ‘r

e
ronstrainls?. 3
Here, attentinn is given to the spes ial case where the prabilon io-

volves a single irl'rj-r'rfivr' o Liern anel !illl[ll'l' lvrverniel Trﬁlfiirjﬂﬂ!ﬁﬂ
the design warialdes, The rxtensions tn arcount frar III1I!LipIE‘ l'lb_l{_‘ﬂ-i'*.
ves and resteicliona are available in the literatuee; see, for examp

Nalanchandran and Gera {l'.TFHJ, T{I'"T‘HI"J-' anid Mailla {]5'5-3]:_"3-"'1:4
Queipn ok al. {1008),

SOLUTION METHODOLOGY
This section provides a ddeseription of the proposed EDFII[IL.-I
A {ﬂn‘ihiutﬂu

mebhindulagy, (see, Figure 1), in Germe ol dls,

algorithm of execution, and implementation.

Main ccnslrluenls

this rnmpnmnl ig to make an FITI"I'F"' am] rt-pn's'r-ntai-l'l-'f na.mpr
of the deaign/=odution space AU The poinds in e design space o Sl
T bl Iry thi= componenl, Uhe compuitationally r;l:l:lrn.'ll'ﬁ! and bt 7

T
: L,
N s B
r = L r
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L FIGURE 1 SCHEMATIC OF THE PROMOSED SOLUTION

METHODOLOGY

consuening oniginal mandel (o contrast, o e seroegate auadel te
liet aliseuissed shortly) is executed, and the corresponling oljective

lupction values are calculated  The collected daba is divided into

Lurey pruedm: trowmenig dola, Tor o tnslein Ling LU posaedeel amel festnig da
ta, For cvaluating the predction alubity of tio construgbsd medels
e lata are ugedd in Lhe constome besm aned walidation of the su-

ﬁ-l' L8 II“_IIII'.IR III I,III'; Ilﬂ Fll:'r X ranr!uln s IIIFFriIIHI I..i-lllll jIJ'I'H'r[IIIII'
aned A-Clpptimal saempling appeoaches are mged withio e context of
tilfrrent surrogale modeling technigues amd stages of the solulion
v theahilogy. A rlotailed discossion oo e salgect of D0 aml G-
hese sunpling schemes are provided by lao (1973), Mitchel {1974)
and Mellay ef al [1979)

Surragate Maodeling (SA7) This moidale coustracts lower lide-
e B0 evaduate, peb effvctive, surreggate models foon Lhe da-
A cullected dwring the DDOE stage of e solution Irlll‘:l:llilill!1ﬂsr.
iiter proper validation of theie prediction capabilities, these su-
erogibe tnocdels ase used in Uhe conlexl of eplimization peocesses.
Il L0 shrategies cocently menlioned are conpled witly suneogiate
miodeling approaches, namely: A-Chptinal sampling with classical
lincar regression, amd latin hypercobe sarmpling with, atificial neo-
tal metworks (ANMNY and fuzzy modeling approaches. Hecht-Niclsen
(usy), among others, provide a good intrsduetion o the area of
funclion approcimation wsing ANMN. The madeling of Sugeio. Lyja
fuzzy systems (the oues consoleoed o This work) ds iliscugsed in
sletinl by Takagi and Sogeno (19851 and Sogenn and Kang {1988).

Uptmezation. The aplimization rlllrl:l'l.lﬂrt!.'l shoulil I'll'[‘.llliir}' [T
voclor of variablns, f‘ thal anendmien this u|1_jl'f tive function, f{i},
using a surrogate el Uhe corresponding objective Tunction
valae i ealeulated wsing the original smodel with the variables su-

geestedd by the eplimization maedale. Both local grodient-hasod

(modified Newton's mwthod ) sl global (Geoetie Algorithne) op-
v Teation rlrlﬂrlhrr{'s are consiclered fo the conte st of (e work A
Asdonit pate Ehe mulijeet of penetic algorithms as adaptive search

oo el G glolel vgetomizeation, can e Tonnnl i e Towakes by
Tl (1975) amd Cinldleapg (1TU89), fon an sofvidoi tes D G

netic Algiithms in the context of thenmsomee veseanch, see Do

el Ll ol al. [1944)

Witl reference Lo Figanoe 1, i stage Dol the solution methado-
e b st spekess Foal valiies el 1l lrl":!-"ru

Algor i_l_h_l_! 1ol execut ian

logey, tae oniginal snndel is eval
viriabiles, s specified by an appeopriate DO saniogale nnedelag
wlternative. Walli dhwe eolles tedl odata, the suwoogade IiHh'i'__I (ENRITTES
L bed wnl vadiclateel (stage 20, 00 g sy, aeldifiomal sampling
provinty are intooducesd within the context of Ll prievions stage. In
slage 3, e walicdatesl suroegate goedel s inboedneed an e opt
il ion ||prr|l_ then, e Il!.ljll v Do Livess vk IIIIII".'qulflllill-l'. lu

the sulubion alitaimed by Ul aopetinnizatiien goioesliie, 15 calenlated

astig U oeiginal madel {stage 1)

limplementation
"'1‘11- .-;r:.lllrill

vl landedogy s dnpdensented asing aocolimaliog
Tl Sttastiial Aiily-

o Dl be commpnerenad sl avademg sellware
gis System (SAS), spaw ifically the gporpduies CHYTEX amd UG
atisets amd the developnent
Tl Artificial Mewral

wero used For W designeol Acoplimal «
ol the linear repgression ooeelel, respectively
Metwork amd Fusey soodels [Sogeno type) were geaerated wirl ¢
hie assigtnnce of e S0ollgart Neoral Metwork Simlator (SMNE)
nvinilalile theongh anonymrmes T ab s e hooe B ol matik and
stuttgart i in the divectory fpob GRS, ol the Sollware for I
ducing Fueay Models [SEFM), respectively The SIFM computer
vaville wan lievelopad By Lo of Che agdhoee (MY, CA) msing hla-
tlaly, amel implements & pdified veesion of a0 algonton poapoe-
sed by Wang aml Langacy (1985) Foe the oo Lo ol rarles frisn
l'h','nlll-]rh":'i. Tl nllruuir.:l{iun '|r|||1'1'1|r|||'st Tur glallirlll Tinsieel {IIHI-
alifiea] Mewton's method) amed plolial search (Clenelie Algonithin)
piizbhals were provided by Matlab (COMSTH procedore]), aml L
hee Cidnesd syatem, respectively. The GAues] system a5 availinlide
Torm anonpsons e al L machine o5 oesd edu i e pab /G A sl

lireslory.

CASE STUDY

The preogrscd solution metlhodology is illusteated nsiog o model
for the probilem of finding the optimal Qo) design ol conbiedded
electronic components of weacalile ompoters [Fgan and Ao,
1996). Witli referemce o Figuee 2, amel 3, the iondel secks (o figd
the set of design viriables, chipe powes level (1, sulsteate condue-
tivity (k), heat spreasher condue tivity (1K), beat Gransfer eanctlic it
(), andd chiaracteristic length (7, that will miniosize the anaximmm
lm“]"“ alure in the heal soune t'l‘:L |l||ru|1_-h'||j" sin #leelranic TR

nenl. Mote Ual the substrabe amd Boeat spreader conductivities are

assumed to e continuons varialles sioce the saterials are consile-
redd ko Te polymer comprosites (condictive Gller aned peelyimer) The
dimension of the chip is 252536 mn™, e e kage thickness is 20
v anel Uhe heal spreader Whickness is @ onen, Tabile 1, poovides the

inberval of inlerest Tor each of the design varialifes
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