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This expl'ci( diyuton oi labor seem! a reaenabl€ strategyi
*h'le any problem{olvtne task can always- rn pnnctple, be
iolved stth a sufficienlly larg€ set of (S.G)-R h€unstts. rt rs
llso pdsble lo leam theedcctsofthe op€raloGatrd lhe layour
ol the world as ,nd€pendent prc6s.s- which a.e onll, com-
brned ar the $me of actual problem solving. By r.eating them
rs *parare prNesss. mo.e speoalized. high-levcl techniqu€s
ca. be urliad lbr each task. In general. the abihy to plan
rhcad andestabhsh appropnate subgoals whrch are tb€n ted to
a srmDle motoa svstem s€ems alhost unavordable. At some
pornr. h,Bhe.level plannins systems rre n66s.y ro augm€nr
rhe basc (S.G)-RrS'E system. The abiliry oi th. S-S system
io s.t appropnale subgoals is one possiblc apr o.cb ro that

Thus. *hile a sinsle. g.ncEl mdhanism an. in prircipl€,
leam corret b.havior. the ovc.all probl.m-elnng task can
also bc approached as a numbc. ol morc sp.claliz.d tasks. cach
of ehich Fmits norc rpccializd r.amint and rcprcs.nution
mehanism1 By identiiyine sp.cifc asFcts of th. ovcrall task
and addressing them with sp.cialized syst.ms. Frtormancc can
oft€n b. gr.atly imp.ov.d. The compl.xrty ofth. ncnous sys
'em clcarlr, rcnecB th. varicly ofstorat. and proccssing tasks
thal can bc productiv.ly addrcci.d with sDdahzcd srudllrcs.
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Neural ncrqo.ks a.c b€ing uscd th.oughour rhe ch.mi@lpro-
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Neu.alncr*o.ks have bc.n u!€d in a vasr van.ry ofdiffcr.nl
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networks b.rng rhc most popular. Mosl of the eJ(ampl6 clrcd
h€re usc sknd..d le€dfor*ard b.tso.ks: R\Dur 8^lI-! FL!c-
noN NFrwoRxs (q.!.) are more popllar ,n adapuv. conkol.
smc€ th.v arc linca. 'n rhe co€fficicnls of the bas$ flrct,on3
lSann€. and Slorift. I992).

Th. diffcc.t u*s oi neural ncrworks cover.d in rht ad,cl.
can b. cha.act.dzed by a s.t ofmapprnSs as sho*n h TabL L
Neu.al .ctwo.ks m.y b€ us€d in dir.cr coni.ol. whcr. $.y
providc a mappioS flon thc cu.rent srare 1or. morccommodly.
curent and r@Dt ersor .cadrngs as m adARMA modd-s..
FoRrc^snNG lor dclinitions and derails) and th. d.$r.d Nrt
slate ofthe planr ro rh. conrrolacton ro b. €kcn. ln,ndrrdt

TrbL r, bpnrourpot Mappitrss ior Ditr Em Ues of N.uai

Itrpur-Ouipm Mapp'ng

Cucnt 3Ltc + D6n.d n*r sbr. + Co.trol a.tro.

CuRtrt sEL + Cotrrrol acl'or ' N.rr star.

E4y-ten6urc prop..ri6 - Hard-to-dduE

S.oer r€ditrrs - Fanlts
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orqso$ty. whichare r€lat'velybard to measure
. Olher vanables may be mucb casrrtomeasure |nd
to the vanables ot interesr in a detcrmrnisuc but

nonhnea. pay. For example. a vancty of sFctal lech'
such as 'nfBred (IR) measucm.nts @n b€ usd ro p.e-

plan-. Often one w$h€s to control vadables such as

rauons oi chemical rpcc'cs and hcnce quality prop-

tb. casi.r-lo-mcasurc and lh. bardcr-teE.3sur! van-

rhe networks are used as ! nonlin.ar model of rhe
: given the currenr smt€ ofth6 planl ard a proposd con-

rctor. they predict the nexl state of(he olant. Th's model
thctr be uled in a varietv of controll.6. such as rnou€,

I ne $ortscan dl\o be u*d ds a pEe oia larser mooel

conlrolleB lFi_qure l). In conventional IMC, a model oi rhe
ptut. typ'cally linear. u panially itrven€d to deremrnc a con-
trol actron. Neural networks can be used a.! rhc cotrtroll.r tfor
directconrol). a! the olant model (to be invened ' fo 

 

ndi.al
control). or as borh (Psichogios aod Ungar. l99l).

Fo. 'ndner control the model of fte plrnt is leamcd by
rra in in8aneu.a lnet*orksorhar i tsourput i ,app.oxrmates.he
fu.cronr . ,  = t (  ! i .4) ,whercr i rsar€rof  p lanrm.6u.ements
at rme r. iind !, codums conrrol actrons. Laggcd valu€s ol l
lnd ! nay also be grvcn as rnpu6 to the nctwork. Finding a
conlrolacoon r€qui.es pardally invening $ismodel to find the
cont.ol acton z, ro hrninze rhe difle.enc€ _r',., -,;1,, bc'
!wee[ th. planr srarc prcdicted at lime r+ l. ]i,,. and rhar
sp€ofr.d by th. $t porDr ),'f,. Ifth. functron/w€c lincar. th.
minimuin would b. casy to find anal),tically. How.vcr. rcural
detworks a.c nonlinar- and thcrclore N€wrons m.thod or
similar nonlincar €quadon-solving mcthods tnust b. us.d ro
6r: th. optiEal @nrrul action. Fortuf,arcly, thc Jacobiao (thc
denvativ. oi/ qth r.sFct to each of the inputs or. €qurv-
al.ntly. th. lincanzirion oil) rcqutred for such mcthods is
Seoc.ally avarlablc. sin@ it is .cquircd whcn usrng thc back'
propagatiotr or cof,JuFtc tradierl algorithms to dcrcrmlnc thc

As an alt.mauv< lo lbe compulalionally burdcnsm.pan'al
inv€rsron of th. olant modcl. a neural ncrwork can b. trahcd
to dir.c y approxmatc th€ dcsircd conrol functrcn:

luch as q$osti.s. Neural nctworksan b. rBiD.d on lhc
oldal, colleded 'n rhc laboraro., to Lam rhc mappinB

tion ot rhc gases sohg up a stacl. yct rt is rmpor-
b b. abl. to monitor and cont.ol rbch ro mc.i.nqron.

rcplauons. CheFr and morc cl'abl. *DeB @n b.
to mcalurc rclatcd variabl.s. and thcn ncural nct*orks

6!mar€ lhc conccntratloff .
, ncural networks arc bcint u!.d to dclcct and diat-

and to comp.nlar. for sMr fa'lu6 or dnfts.
rpplicauons arc clos.ly r€lat€d to control. s.rviog ath.r

{filt.rs) for controll€. input! or as componcn$
conlrcl s.h€mca runnios abov. coovcndonal

aniclc covcB thrcc of thc most imporranr us.s of ncural
in chchial Dro.css control: hodclDr.dictrvc control.

s.niors. and faull dclcclion and diagnos|s.

Ptdlctlr. Contml *ltb Neor.l N.tiork

lioncd prcviously, thcrc arc a numb.r ofwayr $at n.u-
can b€ uscd in Droc.ss cont.ollc.s. ln almost all

|trd th€n us.d as virtual scnsors. Fo. examDlc. n,s
imonvm'.nt and dp.rsivc to mqsuc thc .nct chmi-

thc strcngths and wcakness.s oi th. cont.ol schcmc rc-
unchanged when a neural network is us.d in plac. of

ia = 8( )i,.y,"1, ) { l )

or mcchanisic modcls. Manv difcr.nr n.ural n€twork
ur.r can b. u*d 'n ncurGonkoll.r!. Thc mosr popu-

rE backpropagat'on nctworks and .adal basrs functlons.
of thcs cass. an ARMA stylc mod.lr tvpr@lly us€d

f,hrch rhc rnputs ro rhe n.uraln€rwork Includc lagg.d valles
thc rclcvant measured vanables. Altcmarvcly. wh.o lhc

hat vanablc ome dclaF. rr mav bc mor. advantag.ous
nr. intcmally RECURRtNT N€TwoRK (q.v.) and input jusr
c!.rcnl measured va.iablc.

lnr.mal Modcl Connol\IMC) iramc*ork (Garcra dnd
r. 1482. Nahas. Hcnson. and S.borg, lqc2' p.oqdes a

damD,e othow ncu.ai nctworks catr b. inco@rarcd into

This r.lalionshrp proedcs a cont.ol law ior a dir.ct lc.dfor'
ward controlLr. In scncral. the model {or invcrs. modcl)
learn.d sill b. imperfcct. and fe.dback must bc us.d to stabi-
liz. rh. systcm. IMC providcs on€ fran.work for doing s. as
shown in Fi8u.c L Considcr th. cas. whcrc thc modcl gv6 an
estimat. i., ofth€ plant ourpul whrch is high.r th.n rhc.crual
ou(put.r,t. Thc diff.rcnc! j,i., - ji.,. which is th. cstrnation
error. issubrracted from the s€t point}il1 so rhat thecontrollcr
trics lo achicv. a lowcr targer r. lf the error in th. modcl
is roughly constanl. rhis merhod will cancel the eror du. to

Under c€rrarn condiooos. on. cln rra'. the conrroll$ ncr-
work dircctly fiotn past plant data. but iirhe conrrollcr u u*d
in an IMC iramcaork. on. must b€ sure rt rs !n aeurate h-
lene oirhe plant model. slnce ahhough IMC compcnetcs ior
lpp.oxrmak planr models. 1r do€s nor comp€nsate lo. 'naeu'
.rcies in inv.nrng tbe dodel. (lf the plant model s not 'n-
vert'bl., rbs approacb wiu. oi cou6e. be ha.d ro u$.) On.
rshmqu. oten ued r 1o p.opagaE edoB back through $c
plant modclto th. conrroll€r (Jordan and Ruh€lhan. 1992: w
SENSoR'Moror LEdNrNa l.

Ahhough it is r.latv.ly €asy ro implemenr and wrd.ly usd.
IMC has s.vcral disadvantages. lt is typEally u5€d as a one-

yr ---- Yod€' I r,., o

FrlG t. IMC o .ol 3ttu1uE.
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\tep-ahead predicror. and as such eill nor work on unstable
planrs o. whrn rhere F a non-mhrmum pba* respon* whrch
requr€s roorrnp more rian one ljme slep Inro lhe furur. (o
derenrune rhe (Fo. exampte. increasing rhe
conc.nrrauon ot a reacrantwill often iniria v dercase rhe lem-
perature and rhen ldler incrcas€  : one-sretrat ead conlrollers
Inre bddlv on such probi .ms. ,  At !o.  IMC le 'G,rsel f  poor ty
to rncluding Lonitratnrs on rhe acruarors te g , va;ves cannol
op€n beyond sohc m omurn) o. on rhc conrrolled variabl.s
(e.9.. tcmp.ratu.e should nor ercecd some laluct. Thus it rs

ro us neural nerporks rn model predictive

T'le most pid.ly us€d method of itrco.poEting n.urat ncr-
worxs mto controllcN $ witbin rh. flamc*ork of hod.l Dr+
drctrv. control (MPC), wheE rhc n€uBl n.twork is uscd as a
pr()lK modcl (Psicbotios lnd Ungar, l9l: Hunrd al.. 1992).
In ftrs @*. lhc m.rhod oi MPC and all of ils advaorlees strd
d'$dvantlSca rclnah unchangcd: rr srmply bccom ci*r ro

ln. typ@IMPC archirdru.c, otr. us an oprimiar to pick
a squ.@ of control acrions z to minimiz. rhc difcrcnc. bc-
l*e€D the urtlt )"t and th€ actual valuc r; ovcr rh. ncrt N
llmc st.ps. Moc formally. onc *rsh6 lo Dict / ro 6nd rbc

run I d,tr i ' -  (t  - d)l :

MPC.lso alloes one to s€t bounds on rhccoorrotacuon /,.

wh.r€ d 's an csrimalc of pcrsistent disrurbanccs. us.d !o D.o-
vd. a iom of f.dback to account for tno<tctin8.r.ors. ftca-
surcm.nr .rrors, and proc.ss disturbsnc.s. and ar is a eciShr-
'nt, typicrlly givint horc wcighr to cnors in rhc ncar futurc.

Usually. on. scrs rhc control acrion consranr ovcr lhc lasr
porr'on oirhc umc horizon (j = M ro N I.

As m.nxoncd carli.r. Mrc allo$ oo. !o s.t bouDds oD rhc
outpur r. e.g..10 keep a ternpcrtrurc in som. rangc

. r ; , " < r , , < r ; s  i =  1 . 1 . . .  . . V

! n , ^ < ! , < r n r  i = 1 . : . . .  . . v

dnd on rhe.arc ol chanSc ofrhc conrrolactlon.

l z ,  ! , . , 1 < d u . !  i =  l , : . .  . . . U  I

On6 rhen us€s an opnmizirion r.chniqu. such as S.qucnnal
Quadratrc Pro8rr'mm'ng rSQPI (o hrnrm'!. Equanon 2 sub,Rr
ro rhe (onsrrainrs of Equarrons I 6 ard rh. ncurat n.rwork

Such oprimiariotr m€rhods typically usc gradi.nr d.sccnr using
rhe dcrivauves of th. objcctrv. funcrion (Equarion 2) wirh r€-
,p<.t ro rhe conrrol vanablcl !,. *ub LaSranSc mutuphcrs
Jdded to handle consrrarnrs. Nor. rbar rfonc 6 Borng lo opu.
mre ovcr many st€ps. 'r 's 'mponanr to rain rhe n.ural rler_
work to mrnimize lh. nultisrep pr.dicrion eFor mhcr fian the
oneirep-ah.ad prcdiction enor (s€. Forcc^srNa,.

Neunl nelworks ar. oflen offer.d ar a Dana@ for rh. non-
linear mod€ls ne.dcd fo. MPC. Aft.. rll. ifone @r lat€ dara
liom prcvious plant op.ration. til a modet. and hand it ov.r
ro an optimiar, on€ should g.r a p€def conrroUc.. U.for-
(unarely, rbs assbprion is not rru.. Pla dara arc ofren in-
adequare 10 gerc.atc good nodels_ In paflrcuta.. dara rakcn
dunnS closedloop op.Erion tod ro orovidc a modcl of the
controller .ath€. than the plaDr. Fo. exmpt . ifa ptaDr har a

(2)

lemperatur. conrrolle. on rL ften when rhc Dlanrs a;r r* *r-pom.,rre ;i;il il;ffi;'flTH:
cooxnS water rlanr dala *!ll rhus show rhat | 

-

yal:, lo", re,es arc c:n.r""J;'iiir'Bh*d;;"'HTk
111,:' 

":ll 
!',:e :,.:l .,.odcr v,,r. or cours.. srvc d,\a3u,o'|t

pcnomances. Jm|a '. but te\s spe.lacutarlv. r, d Evcn,nhtr
has rcma,ncd consnnr In rhe pa,t. a neurar ner*or* moaa rifi
any other r€8res5ton-srvl€ model) *Ijl .\how 

that thc rnp{i
bas no effccr on thc ourpur. Ttis resulr. too, wi 

 

nor p.ou& |good basis fo. control.
Atrorhcr problem with ncurat f,eiwork mod.ls |s tnul na

drc oor nessanty GUB'q ins!fficicnr datacin produc.,Dod;,
.n rh€n an adcquaE n.r vort itna.

ruE sbuilr *hicb iDclud6 rhc n@ssary d.t.'a oiDpu: -;
e\amptc. lncv 6ay not salry cons.nauon of mag or coce
paflicularly *bcn rb.y arc cxrrapotaring o nr.rpotaun8 ir;
gons en E t.e dat"a *cG av.itabl. for rrurung. N.rr.ib
may gtv. accunr. prcdrclions onc rn. r ,l.p id rd fur.lq hi
rr'. prcdErlonshany nmcsrcpr in lh. tururc us.d by rh. mod.l
prcdictrv. coolrollcr nay srill b. insccuratc (sc. For!carr{).
Morcrubtly. th. modclrmay bcfcasnlbty aeursrc lnh&q
prcdrctrons In tbe uh. domarn bul mav pv. poor contol bo
cau rh.y ar. Inaewarc in lh. !rcquency doman. A.crrr!.
modcls In tn< umc domaE (wh.r€ n.ural n.rwork !r. dD.a
crclusiv.ly us.d) do not guaranlc. accurar. modck id rbc fr}
qucncy domrln. and frcqucrcy domain accuracy catt b. ft,
rnorc rmtnn or for accurar. control ofdynsmrc ayrt.mr. (S|r,
bihry otconrloll.rs on a planr rs d.!€nnrncd by rhor dlnrEF
charact.risrics in kcy frcqu.ncy rang6. which may not b. obvi
ous whcn looking ar srandard plots of planl srar. ov.r It'|..)

It b€ars r.p.arin8 rhal alrhou8h n.ural nctworb .r.. rh.
task oi building accurarc mulrivariabtc nonlincar mod.k th.r
do oor climinarc th. problcms and dimculrics irvohrd in d+
vcloprng accurak and robust controllcrs. Alrhou8h n u.rl Dcr.
works gv. good nonlincar mod.ls (and are much he.d.r io
analyz. tbqo lincar mod.k). thcir usc rs subiGr ro slt rhc u!u.l
limitations and dahgcrs oiconvcnrionat mA.k. On. musl3rru
dct.mrn appropnatc controt rrructurcs bas.d on fi. pbnr
ard disturba.c. srructurc. mcluding dmc d.lays and fr.qu.*y
response characenslrcs. IMC srructures drc nor appropnra
lbr controllinS unslabl. syst.ms. and a€curatc otanr ftodck aft
oi no us. if th. drsrurbanccs domrnare process b.haqor o. rf
thc plant rs inhcrcnrlt hard to conlrolb€cau!. oi poor d.rF.

Hybrid \..ro.L!, Viiu.l S.Mr!. rnd F.dt Dirtlddt

Neural ncrworks call also b€ us€d in conjuncuon *irh 6rit
pr'ncrplcs mod.h (Psichogos and UdBar, 1992) o. as vinud
sensoB (Piovos and Owcrs. l99l ). Ofren on. has a r.@mbL
panral th6..tical nodcl oi a planl but lacks @flah pa.l3 of
th. mod.l such as rh. dcr.ndcne of viscosilv or readiotr tirEt
ics on temp.Erurc aod conenrarion. N€ur;l n r*o.b can b.
Ncd to leam thar ponion oi rhc modet. Thc ovcrau hybnd
mod€lcontains borh rhc $corcricalequadons such as mls a.d
energy balaDesand rh€ neunlnerqorks. anden bc uedtn atr
MPC ehcmc as dsnbed in the prec€ding stion.

Morc lbdally. platrls @n ofte, be de$rib€d rD lh. iom

d\ ih = |  (x .u.p)  (E)

p = s(r.!) {9)

wh..€ th. function / is lnown (e.g., kiD€mati6 o. ha$ and
energy cods.ryarionr bur conra'ns param.t.6 p wbcb de
p€nd on rbe planr sure \ and poqsrbty rhe conlrol acnon ! ro
unknowD ways- Obsepations of x and / can lhed bc us.d to
!.arn a Deur.i networl to app.oximar€ $. utrlnoM furclo.

(3)

(6)

(7)

(4)
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,- Phnl a.d co.t.oll€r usi.g 6nnator as v'dul

6ltnat'ons ofviscosily for a controllcr.
€t al. (1592) givc a nic. exampl. of thc us. of v;rual

for infercnrial corrrol oi p€nicillin p.oduc[on. To opu-
control FnE llio producrion, on. would lik. to havc

oniin. cstrmates oi biomass conc.nrraioo dunng fcr
Such hcasurcm.nts arc unfonunar.lv nor avail

Willis et al. us. a neural n.rwork to .s[mar. bromass
carbon dioxid. .volurion rate. batch age. and rhe rrGs

th. tqo pnmary substrstcs a.c lcd to the .cacror. Th.s.

fom ofl(Psichogos and Un6:.. 1992).
ridlar $luation  is€s wh.n onc eonor easilv hcasurc
qualiry vanabbs (..9., viecosrty, phorod.tEdarion. o.

coocdtrailons of cerrain chcmical sp.c'cs). For .xmpl..
tbc conrrol of tb€ visosity of a polrncr producr.

viscosrtycannor b. m-ffured oniitr.- Ts..p..aru.6, in
.er.b. @tr easrly bc mcssurcd, and thc h.asur€mcnls can

b. supplcmcntcd wth m.asurcm.nr of ncs.IR ab-
i.tn. On-lin. mcasurcm.nt of vi$osrry is drfficulr. Ofr.n

i6 (ak. 'amplcs. which arc rh.n scm ro a laboratory
. It can take from a halfhour up to *vcral hours to

lIalyss f.om th.laboratory. A n.ural nclwork rr ncd
samplcs whos vilcosily : has bc.n masur.d io

modcl consstrng of Equations 8 and 9 can tJe lrain€d
r€urately. us'n8 less dara, and errapolares bcrrer rhan
n ural rer*ork planl modeh which do nor ,nco.poratc

car bc lraincd to pr.dict: as a luncrion oivanablG y
ldFr.lurl and pr.$urc *hich a.. m.asurcd on lin€:

.  = I(t) ( lo)
Dcural nclsorkr can bc us.d as qadl rezro.r lo grrc

mcasurenents l) in Figure :) rrc rh€n usd ro cslmat.

to copc *'rh fauhs such ds senror or alruaror fa'lur..
ncteorks can b€ hined *hich tak. a set of *n$r

rhls syslem has lh. €ffect of nonlin arly proj.€ting lhe
rcadinss orlo a small€r drm.nsrcnal sr[c. atrd lb{ re-

an o(tensron ol the backpropagaton rlgonrhm even
the parameteB p cannot b€ measured. The resultrng

nStbc snror readirgs, tbus rcducins $. nors in rh.

Include. rn many pla.rrs thcrc is not a sufficient quanrityoldara
rccorded liom rcal faults. so one ls forced ro relv on l6s realis,
tic dala from simulato.s. Fauhs arc often of diffcr.nr macnr-
rudes re.8.. J l.ak mav b. o, drfe(nr qrTe' and ma' @u.
wher th€ plan(is in ditrcrcnr sbres (e.9., running.t €paory o.
dunog sun-up), and tbus cxrcnsiv. fauh dala arc r.ourrcd.
Most data 3.u ar. for the (:G ofsinglc laulrs. lr is only $m.-
nm€s th. ss thar a ncrwork t.ain.d on inditduat faut$ stl
be able to dias.osis combirations ofsimultancous fautG.

Th€ fi.ld of n.u.al ndworks for p.oc.ss conrrot is muh r@
extcnsiv. to b. fully sutManzd hcr€: hundrcds of DaD.B arc
publirh.o <ach ycar rn rhc arcq. and scverat comm;roat t.n-
doB offcr conrol syst.ns using n€ural nerworls. I i u ctar rhar
neural rctworks ar€ arrractivc nodch to u* who prffi
arc nonlinczr and good firsr principl€s (lllehaniuc) modck
arc not availabl.. citb.r for cnr'rc proccss.s or for prns of rhc
proccss. Most conrrol *hcm.s us'n8 D€ural nerworts arc dcn-
lical to thos. that do not us. ncural D€tworks: thc ..f,curocon-
t.oll€rs" jusr us. ncural ncteorks as proc.ss nod.ls (c.s.. rn
MPC). as vinual s.nsors, or as conrrollcrs. Narrar ncNorrt
can ako b. us.d ro forccasr disrurbances Gcc Fo$c^sflNc) as
pan ofa f..dlorward conlrol syspm. Oftcn. ncuralconrollcE
arc us.d as a f..dforward componcnr of a mor. compl€x con-
lrol architccturc !n *hich a slandard f..dback controllcr rcrGis
dRturbanc.s and pv.r ad.quarc conrroltrh'lc rhc ncural ncr.
work is b.rr8 train€d (sc.. c.s.. Lc. and Park. t992. and c!ra-
rions thcrc to Kawato and orh.rs). Many orh.r usca ot n.urat
networks a.c possiblc. iDclud'n8 their us. as dara pr.prc6-
sors. as lault d€tcrors (possibly couplcd ro a systeh which
rcconligur6 thc controlloops whcn laults !.. di$over.d). ad
as automauc run.6 for convcnr'onal conrrolle6 Look'n8 iar
ther inro thc luru... ncural nerworks w'll be used ro orovrd€
(onLrnuaus opf imrr ,arrcn orp lan ' r .  pehapc u$ns Rrr imr.* .
MENT Lr^rNtNc (q.v I sc aho Bano. l99O)
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Molor Conk.l. Biolos€l ard Th.or.rical
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Adaptlt.Conkol R.'lfolrsc.t L.am'ns i. Moior Corfol

aano. A G.. 1990. Co.@tlonBt lelhirB lb.control. il lveat,y..
fork! lor Co,trol t'N T. Mill.r, R. S Sulron. .nd P J Wcrbos.
Erls.l, CabbrA8.. MA:MITPts. pp 5 58 a

ahat, N , and McAro!. T. .,.. l9$. Us of n.ural n.t' ao. dr1ffi
mod.LnS a.<l conrol or cb.dqt$@\*\. aodput. I k^. L,ttx.
l4 :571 581.  a

Garcia. C. E.- and Mo6n. M.. 1932. Inretual mod€l cotrrol. I A
unfying rcqcv aad soD.ncw rcsllrs, tnd. Ens. cte^. Prccets D.s.
D.v . 2l:103 -l2l
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biomass :. whtch s th€ conrrolled vanabk
n.rworks halc also b..n us.d ro mlnrmft rhc etlccr
no's and dnft (data .econcilia ont. as elemenb of

locar naosti@l precss conrrollcrs ISPC). and rbr fauh
a prclude ro rconngunng conrrol

a! rnputs and prcdict the samc $nso. readings as our-
(Kram.r, 1992). Whcn few.r hiddcn nod.s arc uw han

of nltcred signals, can rcduoe rh€ etrrct ofsnso. nois. on

netwo.ks hav. ako ben us.d exrensrlely for fauh
s In theory, it s r€latively simpl€ ro trarnaDeNork on

of dara *here fte rnputs ro the n€r*ork !rc *trso. read-
jusr alter a faulr and $e ourDurs of lh. nerwork indicat.
the fauh wa (Venkatasubramani.n and Chan. 1989). A

outp'rt+ncodins sh€m€ is ro hav€ onc ourDur for.ach

Such retilicd sensor .eadinss rake advanra8c of the
ion strucrurc of ftc scnsor readinSs and, lik. o$cr

I ard bav. I r€prcsDr rhc pr€sene of a fault and 0 Gprc-
the ab*De ofa lauh. fhrs dei gn wortr *.ll on rm ulired

but,r car b€ moE probl.matic in the rql world_ Aparl
thc uul qudlions of ho* mucb pasr (laSged) dara to
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Programmable Neurocomputing Systems
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,v?u@upurDt s proc.ssinS in which informarion js rcprc-
sent.d 'n thc pancm of ac[vity ard codncdions b.rwccn cl..
mcors rhar Frionh simplc op.ranom on rh€ir inpurs (..g.. a
e-ruralrnt nonl'n.anry of a wc'ghr.d sum of rhc ,npu6,. Onc
rl rh. nrrrac[ons of nrurocompuring ri rhar  

 

ls oftcn qu,rc
narurally parall.lizcd. For rhis r.ason. Inucb rcc.n, |earcn rn
.euroconpuonS hardwar€ has focu!.d on cffcicnt implcm.n-
tauon ofrh. mos! common n.ural algorirhns. such as Hop6.td
n.r*orls. \.lf-or8anrang fcarure maps. and backpropaS;lon
r.amrng ror muttrtalcr p.rccptrons. Typrcj y. marnx oFra.
nons arc at rh. corc oflhcs! slgorirhms. and ncural hard*src
s oll.n customiz.d for rhcircmci.nt imptcmcnrarioo. This can
result In chips rhar are cosr€ff..tiv€ soturtoos ro spccific appli-
irt'or' $rum'n8 rhar lhc design rs.tso optrm|z d for mcmory
Jno M requrrcments.

Orh€r res€&ch in rcurocompuring rs tocu$d on d.vctoprng
ne* algonthms For nost oithis work. sp.ciatizcd ncurocorn-
rJUng (h'p\ are nor rumcrcnr. ano programmabt< compur.rs

Provide rh. nessary programrunS
nerD,r,N. bul rhe! arc much slo*er rhan rh. b.rr sp.oat,z.d
.h'p\ lr ^ hlclv rhat sp.cratizalon u 

 

atways provric a spccO
,rdlantage ov.r thc tuly gcneral.pproach

r onunarct!. compureB can bG nor. g.ncral rhan a sn8t..
).1 morc \pcc'alir.d rhan a scncret_purposc

.ompurcr Archrreruro can be d.egDcd ro b. opomat for a
Jra-$ or^apptrarrons and sri 

 

hav. gRakr flcrrbrtir) rhan
rmptch.nrafton. Som. comhon chaturen$

uG ol thes compu|c6 arc:

. SrnSl..rdsl mach,ne Ino mul$us.r op.ra[ng sysr.n,

. rhys'cat mmory only (no virrual m.hodt

. Anrhm.ric elm€nrs, inlerconn.ction, and mmory pa$sdc_
!8ncd ro be.ticEnr for a g,vcn clars ofatSonrnft

. R.raovcry shon {ordl.nglhs (oft.n fixcd-po,nr or Inlegcr,
rhar are sumcienr for rhe ta.8er tsks

. som€ p.oSmmhabiliry

Neurqompuring ha.d$arc s 

 

nearly ateays hctudc a Irsr
oor.prodk( engrn. rhar will b€ oprjmu.d tor fir.d_pornr or
nnglc p6s'on ooaring-poinr opc.auons. Ths B,n coDrrasr ro
both convenrional sup..compuE6.cquinng doubt.-preosion

1".,1,1"9:ry'l! aDd ciFnm.ntar (..s., anaros) ncurd cb$.uen8 ro*-prcclsron compurauonat mcchatusms Orhcr*i
n€urocomputcB tary vdcly in rhc cxr.nr of sp..1alar,on fo;
n€urrr clmpurarron. A 

 

@n b. proSramm.d. bur lon $|}
8rcat drmculy. shccrh. focur ts on acc.t.rarint a hfttcd tonn
or compuhlon. ror Insr.nca. rhe marnr v6ror oFmuoos Lhlr
cnaracl€nrc much ncual computarron can ofr€n onty b. mod.
'n.o oy wnrrng mrcrocodc or nonsrandard ass.nbt' tao$r!.
rourin€s In orhcr sysrcms. hrshcFlevcl tanguages ard comm.r.
c,ar ass.mbtcA c.n b. us.d ior mosr modrficanons. Th. tarEr
cas. nc.ds addrdonal rcsourccs ior rhe conr.ot Equir.d for
Seneralily. Hovcv€r. a simplc R€duccd Insrrucrion ii.l Com-
puring (RISC) CPU can b. fabricarcd on a compacr prc.! of
t'l'con. and can prond. Bcn.ratpurposc proSramrung ep]

way. neurocompurers husr Dem,r us.rs ro
prog.am non-ncural picc.s oia lult task.

This drlcl€ prov'd€s a lqq4 snaplhor of Drorrammabl. n u.
rocompur.rs. F.croB afi.crhs uulity and orrfo;rnc. of thca.
mach'n6 arc d'sc!ss.d. wirh a look roward furur€ machh6. tn
ract. n.urocompurcr deslgn is no1 tundam.nlallv diffcrc.r iior
marnsrrcao comour.r dcargn. lhe dea( pr.$nr.d hcrc jhoutd
ool fdmrl'ar ro th. reaoer verseo h lonvcnuonal conool!
rchr t .durcrs.€ HennAsyand panerso. .  tcc0.  !ora gooi rc  

Thc feus in lhis anicl. is on compurjnS syrrcms u$d fot
re*a.cb and d.v.lopm.nr ol ncur.t dlgonrhnr, d, dppG.d ro
svstems lor emb.dd.d appl@uonr of producoon-r.ady D.r.
works. o. re*arch inro n.rwork mappings onro lh. phynca of
el(ttonKs or opo6. ln lhrs conrexl. the wo:d prog,o,6dlt
rercrs ro rhc abihy ot rh. ncurcompurcr ro run prolr na
as opposd to lh. mutabiliry of neural oaramcrcB slrh .r
w€ighrs. Finally. rh. appli€lons focus is on n.rworr rru!|'t
tor cas6 in wbich wo.kstanon tc€hnolow E insuffcim! for
Insran@. wrrh tar8. amouns oirrarnrng oita ano a largc nu*

Slslcn R.qj't|n.!6

Whilc oth.r orrcEtions arc also n@ssary, fasr compur.lioo
ol matd piodEts rs rh. primary requirem.nr for ncurocoo.
pubnS- Furdecl|ral cquarios for search, le.mins, ard r...!


