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1. Introduction

The Neld of Computer Aided Demign and Maaufacture (CAD/CAM) has had
Mmajor successes 10 the last decade  With the introductioa of CAD/CAM design
systems 1n the marketpiace, many people [eel that CAD/CAM s no longer the
promised technology of the future. but the emerpag technoiogy of the present.
With the onset of strong international competition, iacreamag economic pressure has
demaaded that our natioa’'s productivity aad maaufactuniag quality mprove
dramatically [t 1s aot surprnsing, therefore, that CAD/CAM has assumed a wvital
position 10 our national economic pians

[a a similar mannoer, the field of aruficral 1atelligence (Al) has had equally
impressive successes aad advances in its technological base The promise of Al s no
longer for the future. but rather can be seen o begin making direct impact in the
commerctal marketplace [a this paper. we explore the possibiiity of merzing the
two technologies synergistically to improve upon the capabilities of CAD/CAM
svstams a8 weil a3 to provide Al researchers with a very rich iad cnitcaily
important application area.

It would be rather eagy to speculate 12 a very imaginative way on how 1 [luily
automated manufacturing system might look 13 the (uture driven pnmarniv bv
autonomous artificiaily inteiligent computers Rather. it would be more important
that we concentrate on shorter term goals Towards that end. we shail hmit our
discusnion to the present state and capabilities of Al knowledge-based expert systems
and how these rather immature but impressive systems may guide us direstly 12
improving preseat-day CAD/CAM systems

For pedagogical reasons. we will begin with a briel tutorial on expert svstems
focusing oa one system soon o be avalable in the commercial marketpiace We wiil
then present a :ursory view of other appiication areas that have been successfuily
attacked by this technciogy We coaclude with several observaticas whica link
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eqisting expert system apphcations with vanous CAD/CAM problems Our
prospectus s brnght: CAD/CAM s ready lor All

3. Current Expert Systems Technology

Knowledge-based ezpert systems are Al problem-soiving programs designed to
operate 1n narrow ‘‘reai-worid” domains, performing tasks with the same competence
as 32 skiled humaa expert.  [lucidation of unkoowa chemical compounds (1),
medical diagnoms [10] and mineral exploration (3] are three of the best known
examples.  These systems contrast greatly with the eariier geaeral-purpose Al
problem-soivers which were typically implemented without a specific application in
mind. Oune of the key dilferences s the large amounts of problem-specific knowledge
encoded within preseat-day systems. Thus, the field of Al has redirected much of
s effort away (rom small, general-purpose systems to large, special-purpose
programs (see [igure 2-1) T

Expert systems have been coastructed, typically, {rom two locosely coupled
modules, collectively lorming the prodlem-soiving enging (see [ligure 2-2) The
knowledge base contains a large collsction of [acts, definitions, and heunstic ‘rules-
of-thumb’ embodying all of the relevant doman-specific 1aformation. This domaun
knowledge acquired directly from a Auman ezpert permits the program 0 behave
as a spectalized. (atelligent probiem-solver

Figure 3-1: From small general systams to large specialized systems

Problem domains Problem domaias

Much of the research tn Al has concentrated on effective metheds for
representing and operationalizing human expertential domain knowiedge within 1
computer program. The representations that have been proposed have taken 3
vaniety of forms including purely declarative-based logical [ormalisms. ‘ighly-
stylized”" rules or productions, and structured generalization hierarchies commonly
referred to as semantic nets and [rames Maay koowiedge bases have Ddeen
implemeatad 1a rule [orm, to be detaiied shortly

The second component of the prodiem-solving sngine of an expert system s
the inference enqine which conlrols the deductive process 1t impiements tie Jcst
appropnate strategy. or reasoming process (or the problem at haad. The sarhiest Al
problem-soivers were implemented with an iterative branching techaique searching a
large combinatorial space of problem states Heunstic knowiedge, apphed within 3
static conirol strategy, was introduced to limit the search process while altempting
to guarantee the successful formation of solutions In contrast, state-of-the-art
sxpert systems separate the control strategy from an inflexible program, and deposit
it (n the knowiedge base iiong with tne rest of the domain-spec:iic xnowledge




. Figure 333 Orgasization of 3 Problem-Soining Eagine

Thus, the problem-soining stritegy becomes doman-dependent, and s subject to the
same methods of acquution aad deductive manipulation as [acts and assertions.

As 13 the case wth aearly all of the reportad expenmental systems, a
knowiedge base and aan inference eagine are clearly ideatifiable. I3 order to build
these systams, though, methods are needed to effectively transfer expertise rom a
humaa to a computer Thus, the knowledge seguisiion problem, and machine
learning 1z general, has attracted conmderable atteatioa (rom Al researchers The
acquisition process. howaver, must be a cooperative effort between human and
- computer [t 13 difficult o imagine a3 human interacting with a reasomiag machine
unless elfective explanation of the automated problem-soiving behavior s provided
Thus, the ezplanstion probiem has also assumed aa importaat postion 1n Al
research. Howaever, 12 many systems the acquintion of the knowledge base. and the
explanation of the probiem-sciving activities of the system are handled by ad hoc
methods

A aotable exception 18 the TE/RESIAS/MYCIN system (2|, which attempted
to [ully automate the acqumtion and explanatioa of knowledge provided by a
human expert unsophisticatad 1o computer technology. MYCIN was mplemented as
a rule-based consultant program performing diagnosis of bactertal infectious diseases
TEIRESIAS s the “front-end” system providing explanation and acqusition
{aciiities o automsts the traasfer of expertise from a medical doctor to the MYCIN
problem-solving engize. [adeed. the systam architecture of TEIRESIAS/MYCIN
depicted i Figure 2-3, has served as a model for organizing curreat and futurs
axpert systams.

[n the preseat paper. we wiil not discuss these two areas of Al rssearch
Rather, we wiil [ocus briefly on the problem-soiving aspects of cne sxample 2xpart
system.

3. An Examplet ACE

ACE. an expert system designed for Automated Cable Expertise 1s an analysis
program, soon o be avalable commersially, perusing large volumes of data tracking
faiiure reports i1z a taiephone network. [a the foilowing, we describe the generay
function and structure of the ACE problem-soiving sngine The reader is sacouraged
o see (12] for a detaed descniption of the system.



Figure 3-3:  The structure of TEIRESIAS/MYCIN
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3.1. ‘l'ho Problem

[n normal operation, the tslephone network supports a telephone lLine. called a3
cable pair, [rom a remdential or business site. A collection of pars are bundled
together to form the cables that hang [rom telephone poles, or reside underground
A collection of cables form a wirecenter These three levels form the bulk of the
local telephone network and the cable mantenaace [orce coacentrate their efforts at
all three levels.

A vanety of electrical fauits and eavironmental conditions can cause [alure of
one or more cables or iadividual pairs  An important aad expensive operation
performed by the telephone operating companies s general maiatenance and
rehabiitation of these iines.

Customer generated mantenance reports provide important nformation (or
identifying ‘trouble spots’” within the local network. [n a high-density geographic
area. the loggpng and tracking of (alure reports has become an important and
axpensive data processing operation Thus, many teiephone companies use 3
conventional database system, called CRAS to monitor the maintenance of the locai
network on a daly bass Highly trained analysts routinely peruse impressiva
volumes of CRAS data and attempt to identily trouble spots to pravent [urther
disruption of service to customers Howaever the [imited number of spec:alists
available, and the size of the database (nhibits the timeiy analysis and reporting oi
persistent problem areas which require redadlitation  The approach of instaihing
ACE. ammsting management decition making, was propcsed and :implemented s a3
solution to the long-term problem of tmely and accurate selection of areas lor
rehabilitation.

3.2. The ACE Problem-Solving Engine

Within ACE. the corpus of knowiedge about wirsceaters, CRAS data and
commands. and analysis strategies 1s embodied by a Froduction System pregram As
has been reported by several researchers. production system representation schefmes
appear well suited to the organization and implementation of knowiedge-Dased
software Rule-dased systems provide 3 ccavenieat means for human e=xpers to
expiicate their knowiedge, and are sanily mplemented and readily modified ang




extended. Thus, it is the ease with which rules caa be acquired and expluzed that
makes production systams so attractive

3.3.1. Production Systems

la general, a Production System [4. 8, 9| 5 defined by 2 set of rules. or
productions, whick form the Production Memory (PM), together with a database of
asertions, called the Working Memory (WM).  Each production consists of 2
conjunction of petterm clements, called the left-Aend side (LHS) of the rule. along
with 2 set of actions called the right-hand ade (RHS). The RHS specifies
\aformation that 13 to be added to (asserted) or removed from WM when the LHS
successfully matches against the conteats of WM.

An English laoguage equivalent of aa ACE production rule s preseated in
ligure 3-1.

Figure 3&1: Aa Example ACE production.

[F a range of pairs 1a a cable have generated
a large number of customer reports
ANDFF
a majority of the work on those paurs was
done 1a the terminal block

THEN
look for a common address [or those repars

In operation. the productica system repenedl'y axecutes the following cycle of
operations:

1 MatehA For each rule. determine whether the LHS matches the curreat
savironment of WM  All matching instances of the rulas are coilectad ia
the comflict set of rules

[T%]

Selectt Choose exactly cae of the matching riles according to some
predelined criterion.

3 Aet Add o or delete from WM all assertions specified 1n the RHS of
the selected rule

During the selection phase of production system sxecution 3 typical intersrater
provides conflict resolution atrategres based on the recency of matched data un
WM. as well as syntactic diseniminacion  Rules matching data slements tRat were
more receatly inserted in WM are preferred. with ties decided 1a favor of ruies tiat
are more specific (1 e have more constants) than others

)




3.2.3. The ACE Knowiedgs Base

Although o structure i3 provided (or imposed) on PM by the gegeral
production system paradigm, the set of appronimately 200 rules within ACE's
knowledge base can be locsely organized iato subsets of related rules which
colleetively perform the analysu

A set of productions performs short term analyms by examining the flow of
trouble reports on a daly bass. [f troubles are reported for a3 cable that has no
previous listory of troubles them information s retained that indicates that this
cable may soon require atteation.

When aew falures are reported for a cable with a history of persistent
problems, ACE requests further detailed reports (rom CRAS. along with 3 list of
standardized procedures used o repur the type of troubles reported. This
information 18 used to deduce

1 whether the repar task done oa that cable suggests that preveative
maintenance may reduce {uture troubles,

2 p}ovontxvc' maintenance 3 required thea what type is l(kely to be
appropnate,

3 and, il possible, where the rehabilitation should be done
Thus. ACE not only identilies trouble spots, but aiso suggests how to repar them.

Another portion of ACE PM contains a3 set of productions which know how to
commuaicate with CRAS  Based on requests for more data generated by other
analyses, these productions assembie the appropriate CRAS commands and
parameters and then monitor the resulting data stream retrieved from CRAS

Fiaally, a set of rules assembie the appropriate messages about the davs
avents recognized by the system, and call on the slectronic mail [acilities to daliver
them to the appropriate users. ACE knows the target of each message based on
the relative importance of the message to the user

4. Other Expert System Appllcations

ACE s one exampie of the successiul application of sxpart svstems tachnology
to a “real-worid” problem doman Many other sxamples avist 1n 3 wide range of
application domains including science mathematics enginesring and medicine Wa
shall brielly describe several of these which may have beiring cn  various

CAD/CAM probiems.

DENDRAL [1] 1s aa expert (n one 1spect of chemustry Given an NMR mass
spectrogram of some unknown chemical compound DENDRAL successfully identifies
a relativeiy small set of candidate molecular structurss consistent with the spectral
data The main sources of knowledge for DENDRAL wers acquirad dirsctly from
chemists. one of whom won a nobel prize for research :n chemistry used in the

DENDRAL systam

Mathematics has been tackied by MACSYMA (6] an expert svstem assisting
mathematicians n soiving mathematical prodlems Using svmbdoiic :aput rather than
numeric a8 weil s i very large bhodvy of 1ilgebruic manipulation primitivas
MACSYMA has gained wide use a5 weil s acctaim for its adeprasss at simplifyiag
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complicated mathemaucal formulas. MACSYMA's knowiedge base smbodies the
knowledge of several expert matbematiciaas.

PROSPECTOR (3] s a highly rated system designed to asmst geciogists 1n
evaluating findings for mineral exploration. The work dose on the PROSPECTOR
system has heiped to identifly other related application aress including ol well log

analyses.

One of the first expert systams to be used 1a a routine ndustnial setting s RI
(5] Recently renamed XSEL this system is aa expert at configunag Digital
Equipment Corporation VAX-11 computing systems f(rom customer order
specifications. DEC has clamed that XSEL has saved coamderable effort 1a 1ts day
to day operations dealing with the VAX line of computers. :

A number of programs have beea impiemented for vanous applications n
medicine The best known example 13 MYCIN (10| MYCIN was truned by a
number of medical practitioners to provnide advice on diagooss, as well as therapy
recommendations, (or bactenal iafectious diseases. [n 3 related field, the MOLGEN
(11} systam 13 widely knowa for its ability to plan laboratory experiments [or
producing genetic maternal. Much of MOLGEN s presantly being exploitad for
commercial purposes

Each of these examples s interesting 1a their owa right However, the wide
range of domains each has been applied to wouid seem to have little to do with
CAD/CAM problems 1n general [a the [cllowing, we nots certain analogies between
vanious CAD/CAM problems with the application domans identified above Thus.
the methods employed 10 these expert systems may provide guidance for
implementing solutions to CAD/CAM problems

5. CAD/CAM problems

Probably the most advaaced, and hence successful, CAD/CAM systems in
existence today appear 1a the electronics i1ndustry Systems havs bsen implemented
which can turnaround a logic design iato a [unctioning ntegrated cireuit in waeks
rather than months These systems have not been implemented with Al tschniques
So why should the field of CAD/CAM be intarested n axpert systams’

The reason seems simply to be the compiexity of the CAD/CAM rasxs wnizx
demands more ntelligence of 1ts :omputational cesources [n .ategratea et
fabrication, the number of processes (nvolved o implement functioning ‘*wo
dimensional cireuits. constructed from 31 f{ew possible matenials 5 far smaller than
the myriad of machining processes possibie for three dimensicnal cdpects zsastricien
from a wide range of matenals Choosing the proper processes and materidls
requires a coosiderable amouat of inteiligence

Ideally, 1n CAD/CAM a design s generated using an engineering aaaivsis suca
as 2 [inite element techmique. and the database used to generate that design 1s aiso
common o the associated Computer Auded Manufacturing procedurs {n fact both
the CAD aad CAM portions stil include a muitityuce of problem areas :n Bdotd
mechanical aad electronic applications Al has the prespect of :mpacung
constructively 1n each of the CAD and CAM portions is weil as 1a the manner 1n
which they are connected via a commen database With respect to CAD asoects
speculations have been made about using Al 1n :oncert with flinite element
procedures As a rasuit a potentiaily much greater aumber of eagineers :culd de
utthzing finite =lement procedures 1n a more c<onsistent manner with many more
ipplication possibiiities



Automating design and manulacture of products. say i the utomobile—
industry, posss an enormous range of problems aad challenges fortuiwasly not
generally encountered 1o electronics. From product conception and design, process
and production pisaming and automated maaufacture, the field of CAD/CAM has
encugh to keep it busy for a3 number of years to come. We will locus on a2 smal
set of problems, ideatafied 13 (7], that preseat commercial CAD/CAM systems
attempt to automate o some degree (In fact, much of what we will be discusning
here emphamizes the Computer Aided Manufactunag portioa of the CAD/CAM
prodlem.) These 1aclude

- Stock selection - Usning an inveatory data base system, select the most
appropnate stock 1tem [rom a speciication of a desired part to be
machined.

- Process planning - Determining a plan of action for machining a specific
part driven by data bases of geometnic models of vanous parts

- Production planning - Integrating and scheduling a mynad of prdcm
plaas [or a [actory to most cost-effectively produce the desiced parts.

- Production monitoring - Venfying that the various factory workstations
are correctly machining the desired parts

To mantaun our truth 1a advertising, the reader should be warned that the
author s by no means an expert in CAD/CAM. nor of the generai manufacture
. process Thus, 1t 13 with 2 somewhat nave view that we offer the following
speculation.

5.1. Stoek Selection

Existing CAD/CAM systems rely on standardized data bases of stock parts or
families of parts, with associated process plans for their production Users of such
systems attempting to plan the machiaing of a new part first selsct the most
appropniate part family along with its associated process pian  Appropriate part
families. though. are typically selected by simple codes as specified by the y:ar
Thus. part family selection (3 left primanly to the iagenuity cf 1 :killed human
sxpert

A more automated approach to this aspect of CAD/CAM might :aciyda -n-
ability for an intelhgent system to saisct 1t own candigats part fimilies fram
high-level speeification of the desired part This selaction proces: ssems riga for
expert systems technology

Stock selection has a close parallel to candidate molecule selection :mplemented
i the DENDRAL expert system (A sumilar analogy may be drawn between stocx
selection and mineral selection as in the PROSPECTOR system ) From very generai
specifications, or constraints. imposed by preliminary NMR  ospaciral  fata
DENDRAL successfully restricts (ts atteation to a relativaly smail number of
candidate molecules  To be sure the problem DENDRAL altempts o soivs
raquires snormous computational rasources One of the very use(u| ipproaches thar
was implemented 1n DENDRAL was a planning mechamsm that redefined 2o
srizinal problem to a much simpler probiem The NMR speciral data was usaq for
the redefinition process

The selected molecules. or melecular (amiliss. are then sybsaquanrtv reitnen



and detaled by other intelligent processes within DENDRAL to sventually produce
an accurate desertption of aa unknown chemical compound under nvesugation The
analogy of three dimenmonal molecules to three dimeamonal geometne parts s 3
compeiling one. Thus, -the methods empioyed 13 DENDRAL seem to provide
gudance 12 the implementation of similar processes [or part [amily selection.

Furthermore, the geometnic and mathematical models used to represent stock
items may be manipulstad by systams such 8 MACSYMA 0 produce simpiified
and perhaps more nteiligent adening schemes. The geaeralization-based
{hierarchically organized) indening schemes typical of maay Al expert systams seem
a perfect chotce for represeating information about the relationships betwsea various
parts aand (amiies of parts Wassermaa aad Lebowitz (13}, for example. have been
studyning such aa approach lor an Al system which deals with patent abstracts of
disc storage devices.

§.3. Process Planning

Once 2 particular stock item and part (amily is selected the aext phase to be
considered s process planning. [a this case an existing plan. extracted from a data
base. lor machimng various geometric surfaces 13 modified aad venflied to coastruct
the desired part :

The RI system draws the closest parailel 1n this case. RI has great expertise
in conligunng VAX computing systems. Although the VAX computer s 2
complicated system of integrated parts, the aumber of penpheral devices and
options avalable for 3 VAX are not as large as say the aumber of possible
integrated cirewrts avalable to implemeat a complete VAX system Thus the
configuration of a VAX s rather tightly construned by DEC's avalabie devies
offerings  Thus, the analogy here lies betwseen the tight coastraints of a VAX
conf{iguration with the constraints imposed by the canonical process plans

R1 1s \mplemented by a rather simple problem-soiving process similar to that
described earhier for ACE The general problem of VAX configuration can be wai|
enough defined by a static sequence of subproblems, each to be solved n the same
order each time guarantesing aa appropnate solution. For process planning. 1t would
seem that simiar problem constraints exist for each part famuiv For exampls 1
surface should be scheduled for drilling before the iatroduction of doits and nuts .
pianned

5.3. Productica Planning

Similar methods may be used [or production planning Altsr a number of
detaled process plans have been constructed. the next phase s integration ind
scheduling of the various plans for implementation 1n a [actory with 3 aumbser of
machining workstations [n some sense this s 3 more dilflicuit probiem to soive
sutomatically than process planning since maay more possibilities sust The procsss
plans to be implemented have 2 aumber of available workstations to be scheduled
optimizing on various production parameters such as part trajectories and <onvaver
speeds Thus. the combinatorics of this problem seem more dramatic than that for
process plaaning.

This particular CAD/CAM process has -obvicus connection to a3 general
problem studied for many vears by Al researchers planning The MOLGEN axpart
system 1s one of the best known «xamples of an Al planning systsm



As acted, MOLGEN amuts molecular geneticists 1o planning laboratory
procedures to maaufacture specific genetic matenal. Beginning with general skeletal
plans 1a a very abstract satting, the system repesatadly relines its laboratory plan
using a3 great deal of knowiedge about molecular genetics, untl a faal detailed pian
1s producad.

One of the key approaches used 18 MOLCEN s coastraiat propagation As
the system chooses speciic objects and processes to replace the mors general
abstract spectfications, constraats are imposed on the enure slowly forming plan
The program s very adept at ven{ying that no newly ntroduced odject will violate
existing coastraints 1a the plan specification. I so, MOLCEN makes diflerent
choices opportunistically to maatain the conssteacy of the plan. The final detailed
plan produced by the systam s guaranteed in this way not to violate any
constraints as specified by the mtial proposed problem.

The great vanety of processes avalable, as well as mtial laboratory matenal
to be used has great similanty to the problems eacouatered 12 production plaaning.
Here the great vanety of process plans for machining thres dimensional geometnies
can be expected Lo lead to an enormous aumber of possible schedules of machining
processes -

5.4. Production Monltoring

Alter stock 15 selected, process pians constructed. the f{actory scheduled. we
have finally come to production monitonng In this case, our ideahized CAD/CAM
system would venify that the vanious f{actory workstations are correctly machining
the desired parts on tume I[n the eveat of a [aure of the manulacturing system.
the specific workstations at fault must be identified aad diagnosed.

It 13 a rather obvious suggestion to dentifly the parallel between an automated
factory system and the humaa body MYT/[N. as noted, s designed as a consultant
to medical practitioners to diagaose 1afecticus diseases Beginning with a ganeral
set of hypotheses concerming the il patient, MYCIV asks specific questions including
‘requests {or the resuits of laboratory tests to slaborate the most likely causes and
sites of infection, as well 28 to recommend the most appropriate therapy Suech a
diagnestic tool would be iavaluable for a CAD/CAM monitoring facility for in
automated [actory

Presently. several CAD/CAM systems provide 1ata bases of aumericuly
controlied {N/C) tool programs. Each such program includes not oniy genmetric
modeis of parts but N/C tool nstructions as waell Wa can draw 31 close anaiegy
between N/C tools to human organs. aad N/C tool instructions to organ {uncrion

Lest we paint an overly simplified picture of the manufacturing process we
note the huge complexity iavolved 1a monitoring all aspects of the manufacturing
process. This complexity s a2 result of the large complexity of its coastityent
processes and therr interaction. However. the human body is no less comolex 3
system, and I1n some sense is a mote challenging device Modern madicine
unfortunately has a rather incomplete model of how our bodies [unciion
Nevertheless. medical practitioners are adept at diagnosing and treating a3 myriad of
diseages using sophisticated testing devices The automated facicry would seem to
provide a better. or at least a more tractable problem environment since 3 precise
model of the processes within exists Ia our opinicn, therefcre the mathods
amployed 1a MYCLV seem to have suflicient power to hive dirsct 3pplicatuity to
the problem of monitering and diagnosing faults n an automated [actory



§.5. Use of Data Bases

Finally, how does ACE (it 1a to all of this specuiation? The reader will note
that several of the identified CAD/CAM processss are typically dnven by
(conventional) data base systems. Each such data base s [ine-tuned to adequately
assist human users to effectively solve the various problems at haad. It 1s our final
assertion that the methods employed 1 ACE prowvide strong evideace that expert
system technology can be brought to bear oa vanous CAD/CAM domaans Indeed,
our experisaces |a implementing the ACE knowledge base convinces us that a a
very general way data basa applications 1a existence today are npe for this
technology.

It s often written 1n the literature om expert systems that $§ man-years.of
effort s required to implement an effective knowiedge base. The developers of
ACE, on the other haad, compieted the knowiedge base 13 8 man-moaths There
are maay reasons [or such a dramatic difference 12 implementation ume The
existence of the data base heiped to solve one of the most duficult aspects of
buildiag aa expert system. The appropnate information, as well as methods [or its
manipulation and retneval, {or the problem at haad had been implemented. tested
and debugged. ready for use by humans as well as computer programs. Thus, the
knowledge representation problem had been greatly simplified This saved an
snormous amouat of time for the system developers who coacentrated oa the more
(mportant 1ssuse of trans{ernng probiem-soiviag expertise (rom humaa expert to
computer It s our opimoa that the same cost savings will appear when
considering similar approaches to merging Al knowledge bases with CAD/CAM data
bases

8. Conelusion

The development and introduction of a new technology into industry generally
comes with a rather high price tag. CAD/CAM 13 no exception Howaver. without
much more of an iavestment of resources present CAD/CAM systems can be
improved dramatically with the introduction of expert systems augmenting thewr
present capabilities With skilled knowledge enginsers. (t does not appear that the
addition of kaowiedge-based programs will be prohibitivaly sxpensive [adeed our
conclusion 1s that present Al techmques can in the near (uture bs brought ®7 Ddear
to cost-effectively implement what CAD/CAM promises

The successful implementation of Al techmques in the CAD/CAM arsa wiil
require the cooperalive interactions between Al sciantists and enginesring anaiystd i
well as manufactunng enginesrs. ail ittempting to builld bridges across sach others
disciplines
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