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ColUlDbla Ull1nrsaty 

Tht rllid o( Computer Aldtd o.saCIl and MuwactuA (CAD/CAM) !laa !lad 
major suecesaa 112 tht 1_ decade With the IntrodUctlOIl of CAD/CAM dMlln 
syst.ms 112 tht marit.tplact. maDY peeplt (M' that CAD/CAM Lt ao lonl.r the 
promlS.d t.chl101011 or the (utur.. but tht emtrllal ttchl1oloD' or the pr!S'l1t 
WIth th. OltMt of stronl Il1terl1atlonal comp.tltloD. Il1crtVlI1& .COllomlC prtSSun haa 
demand.d tllat our natiOD's productlytty ud manu(actunnc quality Improve 
dramatically It Lt aot surpnstnl. tll.refor.. tllal. CAD/CA...\{ haa aaaum.d a Vital 
position 111 our nauonal eC0l10mlC plaft.l 

In a Similar manl1.r. tht held of artIficIal lat.lhlnce (Ai) haa had equally 
Imprl!SS1Y1 SUCCtSHt ud adyuces 111 Its techl1olollcal bAM The promISe of .-\1 IS no 
longer (or til. future. but rather can b. seea to begll1 mallns direct Impact In tit .. 
commercIal maritltplau ID thll paper. we uplon til. posslblilty o( mer~lng tlte 
two technololltS syn.rctstlcally to Improv'! IJPon the capabllltl~ o( CAD/C.-\.M 
systems aa w.il ~ to proVIde .-\1 r.,.arc:l1ers wltl1 a very nch lnd crltlcallv 
: m port ant application arta. 

It would b. rath.r !aay to ,pec'Jiate la .. v'!ry Imaginative way on now 1 fullv 
automatld manufactunns system mlgia 1001 ID the (uture. arty!" pnmartlv bv 
autonomous artifiCially Il1t.lhSlnt ;omputers Rather. it would be more important 
tllat we conclDtrate 011 shorter term goals Toward.s that Ind. 'Ne shaH limIt our 
dlScUSllol1 to tilt prllStnt stal.. aad capabllttles o( Al knowled, ... ba&ed expert systems 
ud Ilow these ratll.r Immature but ImpreSSlVl systems may gUIde 'J! dlr!~tly l!'l 

Imp":)'fl111 prnenc.-day CAD/CAM 5ystlms 

For pedagogIcal relSOns. WI will belln wltll a bm( tutOrtal on ~XP!rt ;:;;tems 
focu.sln~ on on. systlm soon to be ua.tlabll 10 tQ. comm!rcla.l m1l'Jcetpl.ce WI! wlil 

then present • :ur30ry VIlW of other .ppItCUIOO are~ that have been 5ucces.sfuHy 
.tt.cltl<1 by tillS ~echooioD' W. concludl wttll 5evera.l observuloas wnlc!! :Ink 

·Partla.l support waa 'provIded b~ tn! OffIce o( :'-o"aval ReSfarch through co~tr.c~ 
numo.r :-i001,,-S2·K·02So 



ensua, nper\ syst.m apphcatlolUl with yanoUl CAD/CAM probl.ms Our 
prolpectUl IS bn&ht: CAD/CAM IS ready (or AlJ 

KMWIft,.~ ~ .,.t.".. an AI probl.m-tlX'f'tai pro&nU deslgn.d to 
o~rate III narrow "rttJ-world" domauu. p.normla, tala ""tb the sam. comp.tlnct 
aI a. skilled humu n~r\. muclCbtloll of uakaoWll chtmlca.! compounds Ill. 
mtchca.! dJacDC»1J 1101 and milltra.! nplorauoll 131 art tbr" of tht best lenown 
exam pl.. Th... sysc.m cOl1tr:llt ,reaUY ""tA the tvhtr ,tl1uaJ-pUlpoM AJ 
probl.m-tOl .. rs which wtrt t1J)lca.!ly ImpltmtDc.eG ""thout a. sp.cuic application III 
mlDd. Ont of the Ie., dllfutllcts IS tht lar't amOUDtI of probl.m-sp.culc lenowledg. 
encoded ""tbln present.-day systems. ThUl. tht fitld of AI haa rldlttcttd much of 
Ita .fCor\ awa.y (rom sma.!l. ,tntra.!-purpoM system to latgt. SptCIa.!-purpos. 
prop'amJ (s .. figure 2·l) 

Exp.rt systems ba... bHI1 cOl1nructed. tYPicaLly. (rom two IOCMly coupled 
modul... colltctlyely (orml111 lht proOitm-,oivi .. , "'liM (Me (il"" 2-2) Tht 
bowHed,. b4" co at at lUI a larg. COIl'Ctlol1 of (acta. d.lil11tloll.l. and htunstlc 'rutH­
or·thumb· .mbodY1nl aU of the relnaat domaill-sp.clfic IllformuloD. nus domain 
lenowl.d,. acqwirttl direetl, /NIffI ~ A_m." ,%JIft1 ~rautl the prosnm to btlla ... 
aI a. Sptcla.!tud. Inttlhg.nt probltm-solver 

From small general systems to largt specta.ltnd systtms 

Probltm domalQ.l P~oblem domallU 

~{uch of tht rltS.areh In Al h.. concentrat.d on ~((ectlve methods ror 
reprtStntlng and operatlonall%ln, human ~:tp.nelltlal domain knowiedgeNlthln J. 

computtr pro&ram. Tht r'pr!Sentatlons that han been proposed have t .. ken 1 

vantty or (orms Including purely decl~.ntlTe-baMd lo~cal (ormallsms. highly­
styhud" rules or productions. lnd structured ~enerallZ3.tlon l'llerar:~\ll!s com monly 
refund to :II !.mantlc nets and frames ~bny knowledge ba.ses ~ave tle~n 
Impl.mutld 111 rul. (orm. to b. d.talied shortly 

Tht s.coad compon.at. of the probl.m-5ClIYln~ ~ngJne of 1n ~x?ert sy!tem 15 

the in/nome, tn9ln, wr'llcl1 ~ontro/. the deduct\y. proces.s It tmplement..s :he ::l.cst 
lppropnat. 5trate~y. or ~a,o"lng process for ~he problem 1t ~and. The I!uliest .~ 
problem.5ClIVl~ w.re Implemented WIth 1n ~teratlTl brand\ln~ t.cnnlqu. searchln~ a 
l.rg. comblutonal spact of problem statlS Heurutlc Knowledgt. applied Within .. 
,talie ~ont,-.,( .l1,.altgJ. waa Introduced to llallt the s.arch process wrllie attempting 
to ~uara!1t" the successful (ormation of solutlol1.S [n contra.st. st.te-of-the-1l't 
~:<pert system, !e1l1l'lte the control strate~y from an Inflexlbl, pro~r3m. and depOSIt 
It In ~~e knowledge bl.S. llong With ~!le rest of the domlln-;pec:ilc itnowle-jg! 



npn J.1a ar,UUaboll of a Probl.ID-Solnnc Enl1l1. 

w... ... 
t 

Ie I • ... 
Thill. the probl.lD-tOinI11 ~11 becoID_ domalo-4.ptod.ot. ud IS subjtct to the 
salDt IDtthodl 01 KqWSluoll &Ad dtductl.,. mazupululOIl M facti ud aaertlOI1S. 

AI IS the cut wtth 1l • .."ly aU 01 the rtported tlptnmtouJ systems. a 
lenowltdp baA ud &II ull.nllc. .0110. an cltarty Idtllwiabl,. fA ordtr to build 
th." syu.lU. tbouCh. mtthodl an oHdtd to ttrtctl.,.ly traDSftr up.rt,"" Crom a 
bUlDaA to a computer ThUi. the lrrtowiftff uqsiftliOfl probl.m. ud maclun. 
leartunl III ,'I1,r1ot. baa attracted cOl1Sldtnbl. atttDtlOO from Al research.rs Tht 
acqulSUloll proCHl. bowe ... r. mUS\ ~ a eooptrUI". t((ort betwHI! buman and 

. computer It IS c11lficult to Imacl0' a bumaA Interactll1C with a reUOOll1C machIne 
unl.. trr,m... tlplUaLIOll 01 tb. autoIDatea probltm-ta!nI1C b.h~ytor IS proYld.d 
Thill. tb. ' ..... "_ ~.". baa alIo aIIumtd &II Importut POSltlOIl In AJ 
res.arcb. How .... r. 111 maAY S)'1tt1U the KqWSltlOIl 01 the lenowltd,t baa. ud tht 
nplaAUIOD 01 the probl'ID-IO!.,IOC Ktmtl_ of the sysetm art baodJ.d by ad hoe 
methods. 

A notabl. tlCtptlCD IS ~h, TE1RES1AS/MYCIN sysctm 121. wblcb attemp~d 
to fully automate the acqw.satlOD and explanatloo of lenowl.d,. provided b~ • 
bumaA tlp.n UDJOp!ust1cated III computer ttchnolol1 ,WYCIN waa Implemented loS 

a rule-baad coasultut ProlfaID ptrformll1C dlaanOSlJ of bacttnaJ Infectious dlSu.us 
TEIRESlAS IS the "rroI1Hlld" system proYldln& explanation and acquI5Itlon 
faelhtl" to automue the ttUlltr 01 nperttsa Crom a m.dlcaJ doctor to the ."£Yet.\" 
probl.m-selnn, .01111.. (ndMci. tbt syst.m archlt.cture or TEIREStAS/.'4YCtS 
depIcted III Filurt 2-3. baa sen.d .. a model for organl%los current and futurO! 
~xpert systelU. 

(n the present paper. we Will not d,",cu.ss thest two It"!!>> of AJ r!5UrC~ 
Ruh.r. w. wtll (oelll bntny on tht problem-solYlng »pecu of one example !xp~rt 
system. 

Ie AD Exampl~ ACE 

ACE. an expert sysetm deslgntd for Automat.d C.bl. EXPfrtlSt IS an anaJ:vs15 
?ro~am. soon to bt aYailablt comm.retaJly. perusln, latg. volumu of data traciClng 
fa.alure rtporta 10 a ttltpboo. networl. 10 tht followln,. Wt dl!5cnb. the g'!ner~ 
functloo and stt1.lctun of th. ACE probl.m-§Olvln~ ~nl1n. The ruder lS !Qcouraged 
to SH 1121 (or a d.ta.aled dtScnptlon of tht system. 



"cure W. The SU'lctun 01 TElRESlAS/.vtr:IN 

~ , I ... --.J1AII_IitiIM ... 0 .. 

a.l. Th. Problem 

[n normal operatIon, the ttltphont network supports & teltpllont hnt. called & 

eabl, pcir, from a resldtnual or bUSlntsl Slte. A coUectlOll of pall'S an bundlflt 
togttbtr to form tbe cabin th~ hanl from ttltphone pol .. , or rmdt undtrground 
A colltctlon of cables form a Vlirfftftt". ibese thr .. I"'tl.l form tht bulk of the 
local teltphont nttwork and tht cablt mallltellaDce forcl concentrate thtlr tHorts at 
aU thr .. Itvtl.l. 

A vantty of eltctncal faults and uVlronm.ntal conditiOns can cause fallur. or 
one or more cables or IndlYldual paln An Important and npenslVlt operation 
ptrformtd by tht ttltpbolll oplratllli companl" IS ,tll.ral maintenance and 
rehabilitatIon of these hn ... 

Customtr generattd malntenanct reports provide Important Information for 
IdentlfYlni ·trouble s1)OU" 1fttblll the local network. £n a hlgh·denslty ge<lgra.pllic 
ltea. the 10UIni and tra.clllli of failure reporu naos become ln 1m portant .nd 
~xpenSlvt data proctsllnl o~ratlon Thus. many t.lepllont! companies 'IS' 1 

conventional databaae system, called CRAS. to monitor tile malntenance of the loc~ 
:'let work on a dally baalS Highly trained analyslS routine! y peru!! 1m pr!"1 ve 
volumes or CRAS data and attempt to Identify trouble spot.s 10 prevent ('.u::''!r 
dISruption of S'"ICt to customers Howner tile limited number of spec:lhst .. 
available. and tht SlZt or thl database Inhibits tilt timely analysIs lnd r'!portln~ oi 
perslSt,nt probltm veaa which require real0lhtatlon Tht approacll of Installln~ 
ACE, wlStlng mana&ement declSlon maitlng, was proposed and Implemented ~ a 
so!utlon to the long.term problem of timely lnd lccurat. selectton of Meas for 
rebabliltatlon. 

3.2. ne ACE PPObl.m-Solvial Ealla. 

Wlt!UQ ACE. the corpus or know!ed~t about Wlrecent.rs. CRAS d~ta and 
commands. and :1nalySls strat.pes IS -.mbodl.d by ~ Pr-odru:tiOft SfJ.ttm prc~r~m . ..u 
n;AI been reported by sev.ral restvchers. production system repr'5!ntatlon ,,!l,mes 
.pp.v well SUited to the Or!anlutlon lnd Impl.mentatlon o( itnowied~e--oased 
softwv. Rule--oased systems prOVide 1 ccnVl!nlent muC3 (or n'Jman !xpl!rts to 
'!~pilclte their (now/edge. ~nd 1(e eJ,Stly Implemented lnd r'!3.d!ly modified and 



nteDtitd. nus. It II ~b •• Ut wt\1l wblcll rulll Call ~ acqulreti a.ati nplalDfd thu 
mUll productiOIl systems so attractl'" 

1.2.1. PPOduetloa S1StelU 

[n ,.D.ni, ~ ~utiOfi S,.,.". 14. •. 91 II d.lliltci by ~ set of rules. or 
".".~.. wlucll form the ~utiOft Mmuwy (PM). toa.tller wttll ~ daubue of 
.... rtl0Dl, caUtci the Wortift, MffMf'f (W'Ml, ~Il prociUetiOIl COI1S1SU of ~ 
COIlJUACtlOll 01 pa4tnYI ,Jmtftu. ca.ll.d the "/I~ nU lUiS) of til. rul •. alon& 
wtt.b a. Ie' 01 a.ct.lOQI caU" the ", .. ,..wIN ftU (RHSl. n. RHS specifies 
IDlormaLloll ~h~ II to b. add.d to (aaerttci) or "moytci (rolD WM wb.1l tb. LHS 
succtSlfully matcbes a&allUt til. CODteDti of ~. 

All En&lilll lanluact tqUlya!tIlt. of aD A.CE prociucttoll rule II prtMl1ted 111 

f'Iur. 301. 

""'" &-Is All Eumpl. ACE prociucttOIl. 

IF ~ ral1S. of palrl In a. cabl. ba .. ItIl.rated 
~ lars. l1umbtr of customer report.a 

.-\-'rolF 
a maJonty of the work 011 those Palrl waa 
dOI1. 111 til. t.rnllnal block 

TIiEN 
look for a commol1 a.dtirtsl for those repalrl 

[n op.rUlOn. the protiUCtl011 system reputedly ~:recuttS the followln~ crel~ of 
op.ra.tloQS: 

.'-fault For uch rul •. d.termlne whether the LHS m~tch~~ the C'.lrr!!!t 

~nYlrol1mtl1t of WM All matching In5t~CtS of ~he rul~s 61''' collect~d U'I 

the cOfIjlid ,,' 0/ f"fS/ •• 

2 St/cet· ChOOM exactly OQ. of the matching r'J1'!s lecodIng to ;om! 
pred.flned entulon. 

3 Ad' Add to or delet. from WM .U ~.rtlons speCIfied In the RHS of 
th. selected rul. 

Dunns the sel.ctton phaa. of production system '!X!cutlon 1 tVPIC~ Inter?r'!tH 
proYldes ctntjliet n,o/utiOft ItnJttgtu b.aed on the ncmev of matched :ia.tJ. In 
~. it w.ll it synt.ctlC: dllcnmlnatlon Rules matc~lIn~ data. ~lementS t:ut ''''_r a 

mort recently Inserted In WM il. preferred. "'Ith tIes :tecld.d In f:lvor of r'Jjes thJ.t 
are more speCIfic: (I e hay, more constantS I than othtn 



1.2.J. The ACE KDowledp S .. 

Althoup no structure IS pro1'1dld (or lInpoqd) on P~ by thl ,lalnJ 
production systlm pandl,m. thl set of approllmat.ly 200 rul.. wltlun ACEs 
!cnowltd,1 baae CaA b. 10000Iy Or,aA11td Into subseta of relu.d rul.. wblcb 
colllCtlYlI,. perform tb. ua.lysll 

A ~ 01 production. perfor1D.l sbort tena ua!ym by tUJzulUae tbl flow of 
troubl. ripoN Oil a daUY bUll. It troubl .. an re~td for a cabll tbat baa no 
prlYlOIa Iustory 01 troubl.. tblll Informatica II rtta&lltd tbu ladlcu.. tbaL tlus 
cabll may SCIOli r.qwrt aLtentlOIl. 

Wbea alw raUlUH atl reported ror a cab I. '*ltb a b1Story 01 pemsttnt 
probllms. ACE requlSU furtblr dlt:ulld reporta from CRAS. alone ""tb a l1St of 
studardlzld procedlU.. us.d to rep3U' tb. type of troubl.. reporttd. TIus 
lntormuloa IS ustd to diduci 

wbetblr tbe r.pw taalt doni on tb~ cab It suutSU tbat prtYlotlYI 
m:untenaAct may riduci futun troubl ... 

·2 It prtYintlYi m:unttaaAc. IS requlrtd tblll wbu type LS· lIkely to bt 
~ppropnau. 

J ud. It possible. wherl the r.bablhtatlon should b. doni 

Thus. ACE oot only Idlntlfies troubll spotl. but also SU"1ttS how to repw tblm. 

Aliotb.r portIon of ACE PM conta.t11S a SIt of productions whlcb know bow to 
commuclIcat. WIth CRAS Baatd on requests (or mort dua geMrutd by other 
~nalystS. th~ productlol1S wembl. the ~ppropnatt CRAS commands and 
p~um.t.rs ~ci th.n monItor thl resultlns data strnm retnned from eRAS 

FII~aUy. a Stt 01 rultS .. mbll the approprlat. m~~es 1bout the dan 
~vents r.cosnlud by tb. systlm. and call 00 tb. electronic ma.tl (;iCIhtles to deliver 
them to tb. ~ppropnate users. ACE koows the t~rget of each m-,sage ba.s.d on 
tb. relatlY. Importanc. of tb. mess~1 to tbe user 

4. Oth.. Expert SYltem Appl1eatlona 

ACE IS on. eumpl. of the 3ucc,ssful lpphcltlon of "'(pert :nt"ms t~c~nology 
to a ··real-world" problem doma.tn \fany other -'<ampl~5 Hist In 1 WIde rlnge of 
application doma.tns IncludIng 5Cl'!nCl! math!!'1utlcS '!n~ln~nng 1nd ~-11~ln! w • 
• hall bnefly describe ~.veral of thesl whlcn may have b-lrlng on v art 0 us 
CAD/CAM probl.ms. 

OENDRAL [11 IS ~n expert In 00. ~pect of Chl'mlstrv Given 1n :";"\{R ml.SS 
spectro",~ of some unitnown dlemlcal compound OE.VORA.L successfully Identlfles 
a relatlYfly small Sft of candIdate moleculu 5tructures consIstent wltn the ;pect:-~ 
data The ma.tn sourc!S of knowledgl for OENDRA.L were acqulr!d 1Ir!ct!y from 
chemISts. 001 of wnom won a nobel prlu (or rI!5'!:u'ch In chemistry 'Jnd In the 
DESDRAL system 

\fathematlcs h:lS been tackled by .\.fACSY.\f.A [51 1n expl'rt 5v5tem lSSlStlng 
:nathem~t\clans In rolvlng mathem~tlc~ prOblems L"sing svmbollc ::lput rather ~!un 
numenc 11 wei! J.S 1 very 11r;'! bodY of ll~-t-nlc :n'lnIPu!.ltlon prlMltl\'''! 
.\f.4CSY,\fA haa g6lned 'Nlde OJ!e ~ w~1I .loS lCc!llm (or itl 1dep'~-:3 1t slmpllf>'lng 



eomplicUeG mathtm&ucal rormula.. MACSl"MA's 'nowled,. baM ~mbodt" the 
knowltd" of s .. era1 exptrt m~hematlclal1S. 

PROSPECTOR [31 I.t a I11Shl, rattd systfm dHl&I1td to a,aut leoloSlStJ Itt 
lulu&unl hedlnp ror mineral uplor&uon. Th, worl dont oe tht PROSPECTOR 
systtm baa belped to Identlfy other relattd applleatloll art .. Ineludln, 011 wtll 101 
~~,.... 

One of tht rim Uptrt system. to bt used Ie a rouUl1t Il1dustnal setunl I.t Rl 
[51 Rtcut!, ruamtd XSEL. tlul systtm I.t aa uPfl'\ at eol\fi,unnl Dll1ta.£ 
Equlpmut COfl)OrauoQ V AX·1l compuunl systfms (rom cllStOmtr ordtr 
sptclhcatlOl1I. DEC haa clalmed tbat XSEL haa sand eoeslCitrablt errort Ul ItJ day 
to day optrattons de~le, with th. VAX I1l1t of computer'S. . 

A numbtr of procr~ han been Impl.mut..d (or unous ~phcatlons In 
m.atCII1' The bes' knowl1 namplt I.t .WYCIN (101· .WYCIN waa tralned by a 
numbft' of m.dlcal practitioners to pronat adnc. Oil dlapoas, aa WtU aa tlterapy 
recommendations, ror bactenal Infectious duu.... lA a relUid lield. tht MOLeEN 
[111 system It wld.ly knowe ror Its ablbty to plaa laboratory ul)tnments ror 
produclnc ,.attlc mat.n~. Much of MOLeEN It prautly btln, uplolted ror 
commerctal pUfpostt 

Each of th.st !xampltt IS Int.rtStln, Ie thtlf own n,ht HoweYer. tht Wld. 
rln,e of domalns u.ch baa b"n apphtd to would SHm to ban htUe to do wltb 
CADIC.~\{ problems 111 ,en.ral. la tbt rOilOWla" .. t 110tt certalQ ana1o&lH bet...,"!! 
VUlOUS CAD/C.~1I,f. probltms Wlth tbt applacatlon domalns Id.ntlflld abov! Thus. 
the m.thods .mployed 10 tbes. txp.rt syst.ms may provide IUldance (or 
Impl.mentln, solutlons to CAD/CA.\f. problems 

5. CAD/CAM problem. 

Probably the mc»t adnaced, aad blnc. JucctSSful, C.~/CAM. systems In 
!XlSt.nce today apptar In tbt electronics Industry Systems havil b~el1 Impl!m.nt!d 
whIch call turnaroul1d a 10lle dalln Illto a (unctlonlns Int.~rat'!d Circuit In wa'!\(s 
rather tbaA mO/nbs Thne systems ban not b.en Impl.m.nt.d with A1 tl!chnl(~u~$ 
50 why should the h.ld of CAD/CAM. b. II1terested In exp.rt systems? 

Th. r'!a.tOo seems Simply to be th. compl'!:<lty or ~he CAD/CA.\f ~l.Oj(S \.,nl:~ 
-!emands mort Int,lIlg.nce of Itl :omputatlon61 r~!ourc~s [n .:'\t~gr~t~~ :!r:·::: 
fa.brlculon, the numbtr of processt5 lnvolv!d to Impl'!m'!nt !Ilnct:onln~ "M) 

dimensional ClrCUIt.S. constructed from 1 few ilosslble :'nlterllis :~ !lr :~l.l'!~ :~\ln 
tbe mynad of machll1lng processes posslbl. (or thru dimensional OOj-Cl.i ,:cnstr·;c:~'l 

from • Wide range of m.ttrtals Choosrn, tl\, proper proce~es lnd m.1t~n~ 
requlfH a consIderable amount of Intelhg.nce 

Ideally. 111 CAD/CA.'A a dHISI1 IS ~.ntrated 'lSln, .11 englnurln~ a.nalySlS iUC:l 
~ a hOlte .iemuL tecl'll1lque. a.nd the dat.b ... used to ;en.ratt that d"lgn IS 1150 

commol1 to tbe lSSOclated Computer .~ded \1anuractunng procedure [n (act both 
tl'!e CAD and CA.'A portlon.s stili inc:lude l. mulmuce of problem 6l'US ::l bot!'! 
mechanIcal and electronic applicatlons A1 h;u tl'!e prospect o( ::np~ct:~~ 
con.structlv!ly In ~~ch or the CAD ll1d CA.'A portlons lS well loS In thl mlnner In 
'.vhlch th.~ ue connected VIa. a common dataOlSe ""Itl'! r'!spee~ to CAD l.Soects 
Sp.CUlltiOns have bun mlcit lbout 'lSlng .\1 In :onc.rt With (Inlte ~I'!m!nt 
procedures .~ 1 r'!suit a. potentially mucl'l ~rnttr :lumber or englneen ::::uld ~'! 
utllmng finite ~I~m'!nt prOctdur'!s In a. more conSI5t.nt mlnMr With mlnV m:lf'! 
lppilca.tlon passl bdltle, 



AIl&omatlDI desllll ud muufactlU' of produce.. s~y In the "utomoblie­
Illdustry. poMI aD tDormoUi rue' of problelD.J ud challen," 'Ortlmc.aly not 
genffally eDcouDtem III electro lUes. From product cODcepLloD ud dHlgll. process 
.nd prodilCtlOll plaAlllDI ud lutomatt<i m~wacture. the neld of CAD/CAM haa 
noueh to I"P It busy fot l Dumber of years to com •. We "'111 focUi OD l small 
s.r. of probleml. Id.lltllied III [71. tbu preseDt commerclai CAD/CAM systems 
~tempt to lutomate to 10m. delf" (In fact. mucll 01 .hu .... wtU b. dISCUSSIng 
beA emphuu.. tb. Computer Alded MaDWactunDI portIOD of the CADICA.\f. 
problem.) Th ... IDellld.· 

- SlocJl Hltcn",. • l1S1DI aD IDYlDtofy data baH STS'tm. select the meg 
appropnate stock Item from l spectlicatu)1l of & dmnd pan to b. 
macluned. 

- Pr-t!Ift •• ~.n .. i"f - OeterlDlDlng a plan of action fot machlnln& a sf)«lfic 
pan dnnn by data baMS of geometnc modtlJ 01 Yanous parts 

- PrMfUnaft pI ..... inf - Integratlnl ud sehtduhn, a mynad o( proCHl 
plus (or a factory to most cost-effecUTelY product the aestred parts. 

- ProCfUtiaft maftitori .. , • V.rlfYlng that the vanous factory workstatiOns 
.,.t ·correctly machllUllI tbe desired parts 

To maintain our truth III aCnrtlSlDIo tht reader should be warned that th~ 
author IS by no mtua u upert In CAD/C_~\f.. nor of the genual muufacture 
process Thus. It IS wtth a somewbat Dalye Ylew that we oHer the follOWIng 
speCUlation. 

S.l. Stock SeteetlcD 

EXlStln, CAD/CAM systems r!ly on st.nd~dIZfd data bas!s of stock partl or 
f .lmlhtS of palU. wtth aIIOClated process plans (or their productlon L'sers of suc h 
5yst!mS attemptln, to plaD tb. machllllng of ~ new part first 5'!1!':t th! mO"![ 
.ppropnat. part fanuly alone wltb IU assocIated proc!ss plan Appropnate part 
famllttS. though. are tYPically stlect!d by simple codtS l.I ;p'!-:Irl~d ~v tn! 'l~"r 
Thus. part family Sllectloll IS left. prtmartl:t to th! In~enult:t cf .1 :icll!ed h'J~ In 

~xpel"t 

A more .utomattd approach to thIS ;uo~et of C.-\D/C.-\.\I ~:;!'\t :nciu:" ~~­
lbdlt:t (or u Intelligent system to ;-j-ct Its own c:andlc1J.t'! p.lrt flmdl-~ fr~m I 

hl~h-IIVII s~lflcatlOIl of the deslr'!d part ThIS ltl~ctlon proc·:: ; .. ms r:;: ~ rM 
upert systems technolol1 

Stock selICtiOD hu a cion p.,.a.llel to candidate molecule 5!le-:~lon :mpl!ment'!-1 
III thl DENDRAL explrt syst.m IA Sltnliar analo~y mloY b! :!rawn b'!tween !to("l( 
selection ud mineral seleetlon .. In the PROSPECTOR 5:tstem I from V~ry g'!Mrli 
speCIficatIons. or c:onstralnu. Imposed by preliminary :,-;~m ;p~c~:~ -:.It.l 
DENDRAL !uce!ssfully r!stnets IU attelltlon to a relatlv~IY om all num b~r of 
candld~1 mollCultS To bl sure. thl problem DE.VDR.J..L lt~~m;:t .. ~o soiv" 
requires '!normous c:omput~lonal re50UretS OM of the V~rY 'lsehl £ppr~ach,!5 ~h"'t 
..... ;os Implemlnt.d In DE,VDRAL w;os a plannln~ mechanism that r .. -!'!ftn~'l :~. 
ort;ln~ problem to a mucl1 SImpler problem The :,-;"\m ;pec~ral .:ilta ''''loS J;-<j :or 
the red!hnltlon procesa 



and d.ta&led by oth.r Illttlh,tllt proc... wtthUI DENDRA!. to "'~fttualIT produe. 
an acelU'UI d .. cnptloll of an ullkllowQ eh.aneal compoulld I1lld.r IIl'tstIS~IOIl Th. 
ualo&1 01 thrM dlm.DIlolla! mol.eu!. to tb.... dlm.ftJlOlla! ,ecm.tne pvtl IS a 
compellilll 011.. nUl.' the m.tbods tmployed 111 DENDRAL ,"m to proYla. 
,wdalle. 111 the Impl.m.DtatlOIl of Slmull proc .... ror p'" ramUY sel.cttoa, 

FlUthtrmort. tb. ,ecm.tne 4\Ild mach.macaeu lDod.1I IlJtd to I'tprtMllt stock 
IttU IDa, be ma~lIpu!a&ed by symu 'Qell all MACmtA. to product Slmphfled 
4\Ild perbapl lDort Illttlliltat Il1d.SlIll seh.m.. n. ,tlltnluwoa-baaed 
(httrvclueally orl&IUz~) IlldtXlll1 sch.m .. t)"Pleu 01 lDaIlY Al uptR systems !Hm 
a perf.et chou:. for rtprtMlltlll, lalOnDWOIi <\bout the r.lwoulups b4twMIl YanoUl 
parta aad familiet 01 pvtl. Waaermall 4\Ild Ltbowttl [131. for uampl •. ba.,. bMI1 
studl1lll such 4\Il approach ror 4\Il Al system .bleb dull .Ith pun, a~ract.l or 
dISC storac. d.Y1cet 

&.J. P~ Plannlnl 

Onc. a plltlculll stock Item 4\Ild part famuy IS selected the IlIXt pbaM to be 
considered IS process planlliol. [11 tlut CaM aa t:rlSttlll plaa. ~l'Uacted froID a data 
b~, for macbllllni urtous &ecm.tnc sunac" IS lDodlli.d aad Yenll.d to construct 
tht dmnd part 

Th. Rl syst.m draWl tb. c10sett parall.1 111 tiltS ca.. Rl hal '"at exp.rtlse 
111 coftll,unn, VAX computl0l ,ymlU. Althoup the VAX cOlDput.r I' ~ 
complicated s)'SUm 01 1I1ttsrat.d parta. the Ilumber of p.nphtral d.Y1CItS ~nd 
OptlOU ua.tlabl. for a VAX an not all lar,. all say the number of possIbl. 
Intesrat.d CtTeWt.l aullabl. to 1I1lpl.m.at a colDpl.t. VAX systtm Thus. tb. 
conflsuratloa of a VAX IS rath.r tllhtly coannalled by DEC's analabl. dtyle~ 
orrennp ThUl. the ualoU b.r. lIes b.t .... " tb. tlsht constra.tnts of a VA,.'( 
corulluratloll WIth tb. cout:'aallts Imposed by tb. caaollical procns plallJ 

Rl IS Impl.m.nted by a ratbtr slmpl. probltm.solvlnC proc~" sImIlar to th~t 
dHcnb.d tarher fot ACE Tb. IUtral problem of VAX conrlg'JrlllOn Cln bl! 'W-Il 
enoulh defined by a static Mqu.nct o( subproblems. nch to be solved In tht 5a.ml! 
order "acb tlmt cuarantMlnl aa appropnat. solution. For process pl6nnln~, It WO'JI1 
!fI!m tllat Slmuar probltm constra&ots !XtSt (or !ach part (lmllv For ·urn pi- .1 

.urhce should bl sch,dultd for drllltns before the IntroductIon of ~olt! lnd n'Jts .: 
pi~nned 

SoL Pl'OducUOII Plannlnc 

SImliar mtthods may bt tUed (or productIon pl~nolns Art~r a nurnb'!r of 
detaal.d process pl~1lJ have betn constructed. the nut phase 15 IntegratIon lnd 
sch.duhll& 01 the varlOUl plallJ (or ImplerntlltatlOQ In a. (~ctor:o' With a. numb'!r o( 
macllllllll, workstatIOns In som. Sins. thIS IS a. mort dIfficult problem to 501\'e 
1I1tomac.lca!iy thaa proceu plaooln, sInce mallY more posJlbdltlH ··mt Th! prOC-!5 

plans to bl Impllmented have a numblr of a.v~l~bl. worksta.tloru to be ;cnedul!d 
optlmuans on yanous production param.ters suca ~ part tralectorlU .1nd conv'!~'or 
speeds Thus, tbl comblnuones of thIS problem seem more dr3.matlc tbn th3.t (or 
process plaallinc. 

ThIS particular CADICA..'A. process haa ·obvlous connectIon to .1 gen~r~ 
probl'!m studl!d (or :n~n1 yntS /:Iv Al r~nrchers pia"",", The .\{OLC£.V ·'Cp'!rt 
system IS on. of the best known ·um pies of in Al pl3.nnln~ syst'!m 



AI Eloted. MOWEN WlJts molecular ,enttlclJtI In pl~nlnl laboratory 
proetdurtt to muwacturt SPfClfic ,tnttlc maunal. a.&1nl1ln, Wlth ,fattal ,keletal 
plana 111 a nry absuact Mttlna. the system rtpeatecUy refinlS Its laboruory plan 
u.s,n, a 1ft" d.u 01 knowled,. about molecular ,tllttIC:a, untu a hnal dttadtd plu 
IS produc.d. 

011. oi tht It.,. approach.. u.seci In MOWEN IS COasU'alot propacatlon AI 
tht S}'Stem chooeta Spec:tllC obJects ud proe... to replact tht mort ,tnttal 
absuac\ spectlicwo111, cotlStnlnts all ImpoeeG 011 the nun slowty formUli plaA 
The procnm " Vtry &dtpt u 'tnfl1o, that no ntwl,. Illtroductd obJect WIll vtolatt 
eXlnln, consU'alots 111 tht plu SpectlICWOO. U so, MOWEN mu.. dlHlrlat 
CIlCllC" OpportulllJttCa1l,. to malQtalO tilt coa.ust.llcy of the plu. nt final dttall.d 
pl~ productd by the system IS luaraAt"d In thll way aot to violate any 
consU'a.lnts ~ speclfl.d by tht InItIal propoltd problem. 

Tht great vantty of proCe5HS auuablt, aa w.U aa Il1ltlal laboratory mattnal 
to be us.d haa &rtaL slmdan,y to tht probltms encouotered In productlOI1 plannln,. 
Hlrl tht ",t" yanl'y of procesa plans for macblnlnl thr" dlmtl1.AOaal ,tomltnlS 
can b. expectta to le&d to an laormous aumbtr of posIIbl. scntdullS of macbl111al 
proctSMS -

5... PPOduetloa M01i1tori1i1 

Alt.r stock IS stltcttd •. proCISI plana colUtructed. tht factory schldulld. Wt 
han ftnally comt to production monltonnl tn thlJ cue, our IdeaUzed CADIC.~ 
system would venfy tnat tht yanous factory worutatlolU atl correctly machlaln~ 
the desired partl on tlmt [0 tbt IVlat of a fa.llurt of tnt manufactunnl system. 
the sptclflc workstatiOns at fault mu.st bt Idlntlflld ~d dla&nosed. 

[t IS a rathlr obYlOUS SuU"tloa to Identify thl patallel b'ttween aa automated 
factory system and tht humu body MYCIN. AS noted. IS desl~ned a.s a consultant 
to medlc:u practitioners to dta&I1OM InIectlous dISeases Beginning With a g~ft!ral 
s.t of hypothesIS coactrl1lnl tht III patllat . • WYC1.V asks SPIClflC question" Including 
requltu for tht mults of laboratory tests to !Iaboratt thl most likely cJ.us~ J.nd 
31tH of Inftctlon, aa WtU aa to recomm.nd tne most appropn.te therlPY 5u~h J. 
dlagaostlc tool would b. Inyaluablt (or a CADICA.\{ monitoring (.Clltty (or 1n 
a.utom.ttd factory 

PresentlT. s.veral CAD I C.\.\{ systems prOVide 1lt.l ba.s~! of ~u~·rlCld:; 
controlled (:"IIC) tool pro&r~ms. Eacil sud\ pro~rlm Include! not only ~Mm~mc 
mod.ls of partl but :"IIC tool Instruction" 15 w~1l \V. on -lnw 1 cloS!! lnJ.io~y 
bltW"D :"IIC tools to humu orglns. a.na ':'iIC tool Instr'Jctlons to orgln hnc!\on 

t$ Wt palat ao oVlrty slmphhl!d plctun of thl! m.nu(J.ctunn~ proc~!! WI! 

note thl hug. complnltT IDyolved In monltonn~ ~l UP!CU o{ the ~lnufJ.crurlng 
proc.. TblJ compllXltT IS a result of the lat~e :omple:my of lu:onstltu'!nt 
proCtSMS lDd thliT Interactlon. However. the human body IS no !!5S comOl1!'< 1 

system, aod 10 somt SIDSl IS a more chall!nglng device ~fodern ~~1ICln! 
unfortunately haa a rather locomplete moael of how our bodl" runc~lon 
':'ievertllel~. medical practitioners are 6dlpt at dlagnosln~ a.nd tr!l.tln~ J. mYrlld of 
dlSU'1S u.slog sophlstlcat,d testln~ deViCes The lutomated !lctorv 'Nould se'!m to 
provldt a better. or It leaat a more trlct.ble problem ~nVlronm!nt Slnc! J. precIs. 
:nodel of the proc~es wlthlD nuts In our opinion. therefore the metnods 
'!mployed la ,\{,{CI.V seem to have suffiCient power to hlY! jlr!ct lppilC1CIlity to 
~ht problem of monltonng a.nd diagnOSing {lulu In a.n J.utomlt-d (lctory 



Finally. how does ACE ri& III to all of tlul SpecuialaOll? Tbt readtr wtll note 
tha& s"'tral of tht Idtlltllied CAD/CAM proe... an tYPlcaUy dnTln by 
(COIlYflltlOlla4) da&& baM systelU. Eacb sucb claU b.. \I fint-tuned to adequately 
aaaa& humaa UMf1 to tUte".tly .,1.. tbe nnoUi probltu a& huel. It \I 0111 hna4 
wertlOll thK tbt mttbodl tmployed III ACE pro.,cie strolll t.,dtllct tbK n~rt 
system ttehllolOV caa ~ broulD& to ~v Oil .,anolll CAD/C)Jd doma&llI. {ndHci. 
our nptntllctl III Impltmtlltlll& tbt ACE kllOwled" baM COIl'f'tIlC. III tba& III a 
Vtry ,tneral way data bUi apphcauolll III 4X1IU1lCt today an nP4 for tbll 
ttcbnolol1. 

It \I oftell wntttll III tht httra&UI't 011 np.rt systtlU that 5 mu--ytus· of 
efrort LS rtqwred to Implemlnt ~ tUte".,e lDewltd" baM. Tbt dt.,eloP4rs of 
ACE. 011 tht other bud. compltted tht lnowled,. bue III a mu-months Thert 
UI maay reaaon. (or sucb a dramatiC dliftrenci III Impltmtlna&ion time Tht 
utstlftce of thl data baM hllped to .,1 .. ont of the molt dllficuJt alptCU o( 
bulldln, ~ nplrt system. nt appropnate lIuormatlOll. at well aI mltbods (or IU 
manlpul~lon ~d retnnal. (or tbl probltm at hand had tM.1l Impllmlnted. tested 
6l1d dtbull,d. rtacty (or use by humans aI wetl aI computer procnms. Thus. tht 
knowltd,1 represtMUloll probltm had b"1! ,reUly stmpltfied TbIJ saYed &4 
~normous .mouM o( time (or tht system dlYfloP4rs who concentrated 011 tht mon 
Important lSSut of transftmn, probltm-sel'f'tn, upertlH (rom human upert to 
comput,r It. IS our OPIIllOIl that tht same co.' sa'f'tnp WIll apptar whtn 
consldlnnl Similar approachtt to mtrl1n, AI lnowltd,e baNI Wlth CAD/CAM data 
bases 

5. Conclusion 

Thl dtnlopmlnt. ud IntroductIon of a new ted1noioST Into Industry g~!'1trallv 
comes WIth a rather hl,b pnc, taco CAD/CA.l.A IS no nceptton How .. v .. r. WIthout 
mucb mort of &4 In.,tttmut of rHOurc:es. prennt. CAD/CA.\1 sy!tems e3n b .. 
lmpro .... d dramatically wttb tht Introduction of ~:otPlrt systems ausmentlng theIr 
prestnt capab1lltitt With slulled lenowledgl !nSI!1"!~n. It does not .lppl!U thlt th'! 
lddltlon of lenowl.dg .. baaci prosnms WIll bl! prohlbltlvl!lr ~:otpen5lv'! [nde!d our 
:oncluslon IS thu prestnL AI technlqul!' can In the n'!ar future bit brought ~., b·~r 
to cost.~((.c:tlytly Impl.meat "bu CAD/CAM promIses 

nt suecesaful Impltm.t1tatlon of Al technlqu'!, In ~~I! CADIC.\.\1 lraJ. '41i1 

requlrl the cooperulYl InteractIons b'!lw'!tn Al SCI'!ntlSts J.nd !nglnt'!nng J.n6i~·.;u ~ 
Will aI manufactunn, .nllnHrs. ~I 1tUmptlng to build bndges J.cross '!J.ch olh'!r 1 

dlSClphlltt 

A(*"OtUI~gmf"t' 

WI! wlsb to thank :'-llchol~ P'!rronl whosl careful r'!adlng 01 1n ~U'her jrJ.it 
of thIS paper substJ.ntlaHy Improved Its presentation 
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