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1. IrtroductioD

The use of artificial ueutal retworl(t iD modcl Prcdic-
""" -tt-f l* receotlv atr'ractcd a great dcal of at_

r"noon. primsrily bccause neural DGtwotI! rPPeat to

"r.'l'a" " ."t"""i"t, m€aD6 for modelliog comPlicrtcd

nonlinear procesres at low cost Numc'ow jourtral al-

,,.to "nd -c.ting Papers hav€ aPp'ared on tbc utc of

ne,rral neuworh models ss the basi! for model Pr'dic_
nve controllers with finite pr.dictiotr horiton!, iicludi!8

ehat and McAvoy lll, CooP€r .t !l [2], Ecrnandcz and

lrkun I5l. Lec ana-iarr iOl' Poirman ard ScborS [lU,
p."r'.glo'"."a Uns$ [12], Sairt-Dona! ct 'l [13]' end
rlillis;t di. Jl4l. Most of !h4. Publicrtiou conc'!'

rlat€ on ibc isaues rclatcd to constNctiDS [eutal !'t_

work models. Velv little attertio[ i! Sivcn to iiruc! of

stability ot closedloop pc o.mancc' although tbc!' a!'

nill open aDd udrelolved bsuc..
rr_eunl nctwork modeh ate oftcE Ptomot'd rr s! idcal

modelliDr tool for comPlex nodin.lt ptoc'$" bccrur'

thev afe ;ble to match the input_output b.hsvior of atry

coniinuous nonlinear system. lt i! oftctr sugg'lt'd that

lhese detworL modcls may b. .rrily obtrinrd ftom his_

torical Dlant dtte, thw rolviug thc ptoblcrnr ueociotcd
*rth generating nonlineat proccrr modcb Eowevcr'

,ome carc must be tahen in co$taucilDg thcL _uD6iruc_

iured" model.. lD sddition to th. ttsDdard problem! of

ratherrnr enouth iaformativc dsts to mod.l rclbblv 3
iomplexioutinear proc€ss. limpl. fe.dforwdd Dcrwotks

used ar one-arep-ahead pr.dictor! crn givc *bitr&ily
bad ptedictioN when us€d itcrrtiv€ly ov€r a futur' tim'

horizon. Moreover, networls that attrEPt to prcdict si-
multaneously outPuts at difie!.trt futurc tim€! are Dot
guaranteed to be csusal.

Althoucb it ie true that Deural D€tvorb may provide

" "o"""oi"ot way to construct tronli!.ar model! ftom

Drocess data. it {ould be a mistalrc !o b€li.v. th8t they
can provide a genetic aolution for all complcx modelliry
problems, or tlat they can alwavr bc constructcd from
\thatever dats happen to be on hand. For cxample, hi!-
lorical data frortr an iDdustrial chcEic.l procc!6 that has

been collccted itr thc cours€ of plaBt oPcrstiot i! t}?i.
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cllly oblsin.d while thc sy.tcm. or part ofth€.vstem, i!

ruuaint undcr omc aort of cl$€dJoop f€cdbad control'
Ure of ruch data c-an lcrd to th. id.niificsl'ior of tbe i!-

v.E. of tb. cortrcller ttansfcr function iDlt€sd of thc

traufer furctior of th€ ptocca!. ID ptactic.' mr[y plo-

ce!. variabbs arc alro hiEhlv correlated, whici ca! resuit

in crnpirical rtodclt thrt slc uDsble to providc tccurlte

Drcdicdon! cven tbouf,h th.y ale able to mrtch tbc Pro-
c€a: da!s. Tb€ rcrdcr i! rcferr.d to Maccrcgor tt ol [4
for atr illumilatil8 discursioD of th.r€ i!3uc6'

Tbir paper illuttrste. thc .tsbility Prcbl.m! associ

rtrd with thc u!€ of fi.oit. horizon mod.l Prcdictive coD-

trollclr by ulisg r rcculrclt tr.ulsl lctrvoll to Pr'dict
r.culrt€ly thc ilput-output t!!poD!. of a limPl. lhct!

cy.tem tblt exbibits noumidmum_pha!€ bchsvio' Tbe

riability of th. tcaultiDs clos.dlooP systcm dcPclds oD

tb€ p.!ticul.. tu[i!8 Puamct.!. of the coDtlollei (hori-

zon leogth, pcnalty wcigbts, .tc.) .ve! iD th' ab€dcc of

proccee-modcl rnirmetcb.
Althouth thc!. problemo are Dot uDrquc to ncu_

ral oct modcb, or .vctr fiDitcborizoD modcl predic_

tivc coitrollerr, lEoct dodcrtr coDtlol tb'oii'! (LQC'

+psttE.tclizition, ctc.) have eddtcercd thc oomiaal

rt;biuty probLm! cDcouEtlrcd Fitb cortrollcrr b'!cd

on otber iormr of input-outPut mod.k. Simila y' it i3

d€!i.abl. to €ltrblilh r ftrmcwoll fo! mod'l ptcdictivc

coutrol u!i!t ncu6l D€twork mod.l! tblt do" not !uf-

fe! ionr llomiDrl ltsbility probl€m!. In this paP€r, wc

DloDo.€ r ltstc.ptcc dc.cliptioD of s clt$ of 'xt'mslly
rccurrcrt rcurel nclwork models This !tstF.P&' de_

dcliptioll rllos! tbc tPplicrtion of rcc€trt tbcorcticd tc-

Bult! fot llonlilc!! sy.t.m! to ellulc nomirsl stability

for thc r..ultiry clo6€dloop 6Ftem.

2. The Conttol€r

Ttrir digcu-rsion will only coNider the use of ftulsl nct-

woll mod€ls in a tuite ho ton model predictive controi

ftsm.wor}.
Th€ st.Ps itr thc mod.l predictive cortroll€r al8otithm

may be suEmatiz.d as follows:

0. Sclcct a Dodcl of ihc Prcclds to bc colthollcd.

1. UsbE the protlls modcl to predict bchavior over a

future timc holizon, det€tmi!€ thc optimsl cortrol
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FiEuE 1: AD €rr€ndlv tErnert r'l'ort

aclioD by midmizilg s p€ orErnc' i!d'x ovr! thc

botitol.

2. Implcmcnt s Portion ofthc optimrl irPut tttlectoty

and obtaia a mcarutcmcur'

3. UDdrtc tbc miDimi'ltior (for cxsraPlc' by obtai!-
- 

i'"1*. .J-.," "f thc modcl paremctcrc, or bv

"siimating a dirturtelcc to the Ptocc4' etc )

4. Go to st.P I.

EvcD whc! !h. Proc's Eod'l it coDrtructcd !o avoid

-JH"mr *itl ceuulity, and tufici'ntly 'rcili!8 datr

i'';ffi; ;i" 'timotioa of mod"l p'tur't€rr' th' r'-

"lfii"g i"iol"ti""o modcl Prcdictivc conlroll€r is Dot

"irr-"it."a ,o bc lomiDdlv rtrbilitiDg Thir problcm

i.ilii"'o". or tl. nlitr horiton of thc model Pt'dic'

tion.

whalr thc v.ctot of Detworl inpute, ut4 i! composed or

curreBt snd ptlt systcm inPut6 and outPut'

u q . r  =  l y r , y r - 1 , .  , y r - M * 1  l u r ' u r - l '  u r - P ' l ] T

For s sirrl. input siDgle outpui sysl€m' the vector r6't'-irJfi" 
"i", v "istem outputs atrd thr p8!t P sy&

;; hDuts tbat lrc rcquiled to produc€ a predicr€d out-

Dut it th. Dert lamPllu8 trmc'' 
To for-. pr"diction ovcr a fulur€ time borizon B set

"i i".-r "v"i"- i"p*a and outputa is u!€d to P'oduce

;;;;il;" out;ut ai tbe trex! sarnpli.Es timc Thi3

;fi";;;;i'; an inPut for thc Derworl s! the

ncrt ..mPli!! timc.--il"i"iti 
i,"a "",p'r lsvers itr thir nctworl ale liE'ar'

*l-;;i;"4;" o(i u:ed in the duglc hiddcn laver is

tbc .i8ooidd sctivstior functioD

6(x) = 2 | (r +.xP(- x I o\) - r '

Udm thir atructure, ihc model is tuarantecd !o be

caural itherc arc tlo connactioDs from future inPuls lo

"-,it',outl tDd it b|. the ProP'tty thst if all inputg

L ,i. o"i.*r "t. "".o, thc oulPut will sbo bc zcro (tbc

bi!. ttrm ir zrro).
The direct conlcction of the liD's! iDput atrd ouiF)t

l.ydr msl.. i! Pdsible for th€ n€twork to reptdcDr lln'

*'r ."J.-" o."ttv *d is similet to thc h'twotL archi

Ll "'t" pi.p"*a bv Eaerloop rnd Eolt [4] Tbc ditect

lin.rr coDDcation i. importrEtfor thc 'xamPl'a dlscu8seo

below, bccaurc evcn thc hotrliles! ty'tcm that w' exam'

i!. isclud.. lircal tdmr.3, The Mod€l

MrDy ilific!.D! fotmr of uodhcr'r modcb erc rcfcrrcd

torl.ncricallv ae ucursl !'ttork Eoddt Tbc hlpc or-

;"fi;;;i"J ;";puti.D8 'od tbc ulc of thc gcD€tic

trm cai crsily lcad th. trovic' to bclicvc thrt atry Dcu-

lil.,?Ji.aa wil do Thia i' Dot tbe c$'' lDd

J-l'"*" -*t l" ,*"n to 'cLct rD rPprcPrirtc mod'l

st rctuc for th. sp'ciic tut' st haad'--'for 
o.-pf". o"i At "'ursl [crworL modcL rI' 3pP!o-

"'i"t.loi moa.[iug dv"unic ry'tcn! Fot cxampl' a

Hil f,'ll; ";;;dd i*dforwsld Dci'ort i! which thc

orriut! of the trctworl( s!' iBterPrctcd r! the tcquclce

.f firture outputr produccd by I dtmaoic 8yd'm may Ie

;i;;';;;;'&i -.'t.r. rhi!. c." blpPd 'vc' iI th'

ill La t" 'trsiD" thc trclwork i! trlcr from I c3ulal

i".iJ'. u"""* ,1" ."ightr o! thc nctwork conDectiotrs

?"-'i'*i" l"p*" . pit outputs do not gcncrallv be

;;'il;;"tit 'cro Altboush thclc cf?c!' mav bc

;; iil; -oaa ao- a rc'aoneblc job of pr'dictirs

iiJ"llii"i."il.' rt i' bc't to co'ltru't thc n'."eorl
s r! to svoid such Probl'trll alio8ciDc!'* 

6r'il" *".nr"i thst follow'- wG hsve lelected dr

*.Iottl t."ot."ot letworl modcl witb th' stuctr'u'

t"*" i.'fig*" l Thc 'qu'tioD! d"cdbiug thc r't'

rorl ured iu thie modcl arc

u.r = Wzo(:'/f]1.unJ') * W*tntt O)

4. ExamPler

Thc followiog cxampleo werc sclccted bccruse thcy are

[o.o to otL ain"utties for finitc horizotr modcl prF

ilictivc contlollct! wbcD usinS other model rcpr.lcDla-

tioD! cv.D in thc rbs.lce of Ploc'ls_model mismatch

Gill lDd Mu!!ry'! NPSOL [3] et! u'ed to to fiDd tbe

t-i *i a *,..* p".rm.teE to fit sampl' dats wbich

i""roa"a fX no'-itv aiBrribuled aois€ Since our Soal

wls io obtain Detwolk model! that closcly sPproxim8te

thc betravioi of tbc actuel 3Ft'm3, we selccted the trum-

bd of n t*otk i.oput3 aDd outputs and th' itritirl con-

Ati.* f- tU .pii-iration bared or our LDowledge oi

thc sylt.m thrt 8.nelated thc data'

4.1. Lilear ErsDPle

Cobrid€r th€ .YlteF

r - lcc) = 
GTrit

Th. riSbt hdf PltDc z.ro requir€d lhst lhe finite horizol

modcllrcdictivc controllcr bc tuD'd l'o achieve clo€ed

loop s;b ity fot thj.6 svstcm Althoud this Eay b(

acccptablc to pr&titioncls, it is ScnerlUv d$itable t(
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Fisut€ 2: S.mpl' drtr o'd for ltriEttior oI r'ircrl PD Flaut. {: Oo..dlooP !"Pon! for 't'P chu8' ir tb' r'{ct-

:i#si"iff; T"llH'*:t,i'11{i:,i'Jlil:*';
liiiJt "iJr p"t"rtv otr ihc i'Pui Thc lvstcm i! able

li'i'"r"rJ il.lip.i" *sctlv (w' !sv' !i'd th' hori'or

I ii"l*" -ti.rr* to kDow ibc lcrpoiot cht!8e io

ifr-*f ,lt".ofv tv uti!8 aa uutrblc i!pu! For thts

ilffii';.;;;;i "';" i!;litniltt'd bv u!i!g tbc ncF

l*i-.oJ.r-a t"ptcr"o'ih' PlsDt Ev'tr iD lhc sbscrcc

f;#l-il;;' lhc fiDitc lorizor,modcl prcdictive

-"i."if"i "i" t.ttt i! unltsbl' closcd'looP tvtt'mr'

Oac approatb to avoiditrS thir Ptobl'm ir io r'$rite

tJ".*li."i"*r t"dcl in thc rtatc-rpacc form
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Ficu!€ 3: Ncrwolt tpPtotiEdioD.o( lf,' Iilcrt tv'rdn

fiiii t' - irii. * 'f"rupcdrporcd orcr drtr {ot d(r)

Euarantcc norniaal rtrbility by d"ign' aud dlow iuDitr8

io in8uencc Pcrfotmaacc ouly'*;"; 
il;J;;.; th' Dctworl iDput' ""r tbe lv'rcm

$$t*3:;'5ffi#*
this would not gcucrally b' lrotr'''"it"". -, 

"i"'i" t "t"ol' of th'- dlts u!€d to dctcrmin'

":"1:;;f";,h" "";orl oodel Fisur' 3 showr thc

ili-:i.t .i iL t",**k fo! r lct lct !"f inPuts 6uP'r-

;;;; ;;" **' 'rlu€ co'Putcd frcm th' sy.icm

llii-".1'^--'li.i--ll*" thrt. lhc two curvc! sre irdilti!-

Xi"ilii:.ll; ;;:;;'*-siior ir sood ovc! a much
'-111"".-"iil- 

iil-;s'sc of drtr u!€d rot carimation
:ffi: fi1".;r.;;;;"'i tri' ir."ot g*oarv t'u" or
"""."t "",*.tl L"atft' but i! tmc ir thi! Pl'Iticullt cllc

;":""Ji"fi;'n;'d'" of tbc.lct{orL Eodcl sivc! bv

.;;;" I"t;;;;**atc' sld th' cortribution of th'

noElin€ar Dortion i! v€ty !r!ur'-ii;;;; 
of th; cb€cdlooP €Yrte' to a 3t€P

' r+l = t(tr '  ur)

y* = g(ar).

Thc! it L Pcliblc * :Yl-1"-,"-"t:b'l::lt ff".t::tt:l
bv aBfotci!8 t sttt' cotrltlunt t =,u '

ii"itJiiitL;""t tsthc! tbsD turi!8 r'h' coDtrollel

ii',iiri"'"'u'inv The readcr i! !'^fer'd t' tbe r+

;;;;; M"v"" aud Michalrle [8'.10] "ld Mcud'

":# "li idf't i a"'l' or th' th' 'ttbititv ilsu's ro

ir.ua ;al;lt* cotrtrollcn u!i-!8 fird ti6c 'tatc con

$l!|'rw.

Thc oDlv hutdlc to implemeDr'iD8 the fiDsl time st8t

#;Ji'*l* urins * neural networh bared mod'

ir*.ai".T" -i*ou"t i" d'tetmidirS a! tpProP tte 3i3t

I*i'-ii' ii" "''aa otrc simplc spProsch i! to .t"e

t r  =  b , r , f r r - r ,  , r r -u+ '  I t r - r " t r -p+ ' ] t '

With thi! choicc, tb' stat' of tbc !y!t'm i5 thc aan
jl'ii.li JLo'i* t thc rct'orh mod€l' u*t erce
-u'ii 

i"J'*[ tt."in the cutrc!!' inPut ur' and I

21la
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where,V(rr,ur) i! the nelworl modcl 8iv'n bv Equa'

rion I and tbc iunction c(rr) simplv selects the first

elemcnt of the stat€ vector.
Note that in order to t.!o th. stat' of thtu system

at the end of th. pEdictioD hotitoD, it i' nece3ltty to

z€to P- 1 coDsecutive syrt.m iDPut! sDd M coDsecutive

system outPuts, Placing ! sigDificant rdlrictioD o! lbc

minimum len8th of th€ pr.dictio! borizo!'

4'2. No|lliB€at ElrbPle

The noolinear sv8tem

hls Do contiruous asymptoticdlv stabiliziDg feedbs*

law ur = t(yi) [9]. We wish to.coDltrrct a Deural

Detwork model usi;g inpuFoutput data lel(cD fiom this

3vsrem in ordcr to s;. if a discontiouous fc'dbrcL lsw i!

produced by applying tbc modcl Predictiv' controll'! to

tbc ncural Detwork mod.l
For thi! syst€m, tb€ networl inPub arc lhc 3y3t€m

inituts and ouiDuts a,t thc prcvious samPling time, tr,

and y1. The neiwork output ir th. syst'm output ut thc

next sampling time, yr.p1. For ihis nctworl, five hiddcn

Firurc 5 shows a ea.mpte of tbe d*s us€d fo! c8ti-

matilon of the network pa.un.t.E. Figur' 6 shows th€

networL Dredictio! for a rumbc! of diffcr.Dt ovellappmg

horizoos, each I0 sampli!8 times ia length Th€ n'F

work is able !o Dredict the svslem bebrvior r€asooablv

well over the relion coveted bv the data ueed for esii-

matioD. but outside that regior' the P!€diction becom€s

srEnificantly worse.-Ficure 
z showg rh€ feedbacl law as a fuDctiotr of tbe

initi; condition as yr ard ,2 are dlow€d to valv around

the uDit circle. The contrcll.r hts s ptcdiction hotizon of

10. with [he co$traitrt r = 0 enforccd tt the end of the

horiror. Noticc lhat ther€ are large jumps in tb€ vElue

of th€ manipulated vsrirble' u at certti! 'tate valu€!'

SucL dilcotrtiruitica ari6€ tratutsltv ioE the solution of

a €e$lctrce of optimal cortlol problem!, but may !€ult

b b.havio! that is couDtcliDhritiYc.

Flgsle E: SrDplc d.tt uad for .!tln.tio! oI lcttork pr-
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Ftgule 6: N.twork rpploxjmation of noDlhclt tFt.m dv€n

Figurc 8 rhowa whet aPP€ars to bc tbe Slobal mini

mull of tb. controlle! cslculation as the ilitial coEditioDs

Ior lrr aad yr are allowed to vary atoutrd thc uuit' circl€

Fo! this cxamplc, th. objective function h contiEuous'

though it i! Dot requit.d, and for lome 6v0t.ms' the

mod€l predictive controller will pfoduce feedbad laws
that arc discodtiDuous iD both th€ state rDd the obJec_

tive fuDction.
Firure 9 sbows ihe bebsvior ofth€ clo€cd-looP 3v3t€m

for fu idtial codditioaa on eithet lide of the disconti'
nuity id thc l€edback msP D€ar 0 = 1 93. Not. that eveD

thourh the initial condition! are v€ry similat' the model
prertictivc controller frnds mucb difieteEt solutiotrs for

5. Couclulions

linite horizon modcl predictive cortrolleB based oD Deu-
lal networl models may resuh in clo€ed-loop unstable

syltems, lDd can Senerate discoDtinuous fecdback laws
By rcfotmulstitrS the Dcutel DetworL mod€l in a statF

sDs.c ftaB.worL, it is poslibl€ to eBur€ stabilit of the

Deulal nettotk based model pr€dictiv. codrollc!, but

trot without pltciEt some r$tdction o! thc milimum

24I|1

, ' '
---.--A-A-1..-r

.(r)
t r (r)

l:::1 
'-'--..'1,

0)(r)
(rJ
(r)



0.5

0

-0.5

- l

0.6

0.{

0.2

0
-0.2

-0.4

I
3*12 2. -1.5 -1 -0.5 0 0.5

Y1

Flru.o ?: OpliE.t f..db.ct v.l.l. .trr. .lo!r uir 'it'l''

,1.5

1
3.5

3
2.5

2
1.5

I
0.5

Fltut 0: cld.d-loop b.hrvio. toE trc idtid corditiou.

An.ricon Conlftl Conlcntcc, Pag.r 2454-2459,
1990.

i6] !cc, M. ald S. Path. A E.r !cb.m. cobbirirg D.u-
rsl fccdfolw!.ti coutrol Fith mod.l'prcdictiv. con-
trol. ,UCtt r, 3(2):193-200, 1992.

l{ MacGtcgot, J. F., T. E. Mitli!, sld J. V. IG.!13.
Soraa commatrt! o! ucural natwotla sbd othd am'
piricsl tDod.llilg ro.thod.. Ia ArLur, Y. srd W. E
Ray, cditon, Clemical Pmceu Conlml-CPC IV,
Pmcceiliatt of li. Fo,Jtlh Int.malionnl Conl.r'
. c. o^ C amicol Pra.ccc Coatrol, psga 665472.
cAcEE, r901.

[8] MsyDc, D. Q. tld E, Micbehle R.cccdiag bodroa
coltlol of !o i!.tr rystcmt |EEE Tta t, Arlo.
Conr., 35(7)rt1+824' July 1990.

[9] Mcrdorr, E. S,, M S. Ecuou, J. W. Estoo, rad
J. B. Rrslirtf.. Rrccdilrg horizor .ott.ol rDd di!-
coltiluour.t.t fccdbech rtebilittion. AccrPtcd
fot publicrtioD i! Jnl. J. Conlrol, Dcemb.t 1993.

[10] Michebla, E. rod D. Q. Meym' Robut r.@d-
i!3 horitotr coutrol of courtteincd nonlilcar ryr_
t ttt. IEEE 7lant,,{rto. Cont., 3t(11):1623-r$3,
Novcmbcr 1993.

I11l Pottmanr, M. sod D. E. S.bor8. .{ nonlincat pte-
dictiv. coBtrol strst B/ b!s.d otr rrdid br.it fultc-
tiou D.tworb. ln lrd IFAC Sgmpoai$m o Dg'.m.
ict and Conlrol ol Cicmicd n ..lort, Ditrillariol
Col$rnnt and B6l.h Ptoccrrcr' pa8.. 309-314, 1992.

[12] Prichosio6, D. C. rnd L. E. Ungar. Dir.ct ad i!di-
r.ct modcl blrcd cotrtlol uliug sttiffcisl n.ursl net-
worlr. Ind. Eag. CAcn. .Rcr.' 30:2564-258' r99r.

I13l Saint-Dolst, J., N. Bhat' atrd T. J. McAvoy. N.ural
nct bucd modcl ptcdictivc cotrtlol. ltrt. J. Cotattl,
54(6):1453-r468, 19Sr.

[14] Winir, M. J., G. A. Motrtague, C. D. Maclioo,
M. T. Th!,rn, rud A. J. Morrir. Non-linclr prc-
dictivc cotrtrcl usitrg optildtation techdqu.s. In
Pmc..dinsr of tic 1991 AmcAcan Co nl Coafcr'
.nc€, psg.. 27E8-2793, 1991.

2aa5

7 hl2 2r
e

Flgut. 6r Obj.ci . fulctior €odpot.d ht Eodcl Prcdicliv'
codtrollct lor fittt aov. vlr . .rrt. .lolt !!it citclc'

pr€dictio! ho.irotr,

R€f€teBc€a

ill Bhd, N. sd T. McAvoy. Ur. of b.usl !ct. for dy'

namic modcliug and cootrol of chcEi€sl proc'!"!

ComptL Ch.n. Eag., 14:573-583' 1990.

[2] Coopcr, D. J., L. M.saa, eod J. Ratph F Eirdc.
Compafin8 two Deut.l tr.tFotl(r for Pdtcl! bsr€d

rd.ptiv€ procels cotrtlol. /Icf,t J., 38(1):4t-55'
1992.

l3l Gill. P. E., w. Murlav, M. A. Sauadc!!,.Dd M. E'- 
Wd8br,. Us€t'! guid. for SOL/NPSOL (VeBion
4.0): A Fottran paclage for honlircli pro$smmirS'
te.idcal leport SOL 66-2. Tcclaicd rcPort' Sy3-
tcm! OptimirrtioB LBboratory, D.PlitmcDt of Op-
€trtioD! R6€trch, Stadold Utrivcrtity, 1986.

[4] f,!.lloop, D. atrd B. R. golt. A tr ursl Dctwott(
rlluctuc for syltcm id.rtiic.tioD, In Pnc..dingt
ol tt. 1990 An."icd'n Conlrol Cort ftnc.' P3,8€t
246G2465, 1990.

[5] Ecrnandez, E. and Y. Arlun, Ncutal D€twork
hodding aDd all ext€Dd€d dmc dtorithE to coD-
tlol tronlir€sr sy!t€rd!. ln Pmcecliqt of th. 1990

,t2


