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DESIGN OF COMPLEX ENGINEER

. ) - DRIVEN BY PRESSURE TO REDUCE PRODUCT DEVELOPMENT
ing systems has increasingly become a col-

laborative task among teams that are TIMES, INDUSTRY HAS STARTED LOOKING FOR NEW WAYS TO
physically, geographically, and temporally s- EXPLOIT STORES OF ENGINEERING ARTIFACT KNOWLEDGE.
eparated. The complexity of modern prad-

ucts means that a single designer or design ENGINEERS ARE INCREASINGLY TURNING TO DESIGN
team can no longer manage the complete

product development effort. An enterprise REPOSITORIES AS KNOWLEDGE BASES TO HELP THEM REPRESENT,
that tries to develop products without suffi- CAPTURE, SHARE, AND REUSE CORPORATE DESIGN KNOWLEDGE.

cient expertise in a broad set of disciplines

can suffer from long product development

cycles, higher development costs, and qualited information but of finding the informa- The NIST Design Repository

ity problems. On the other hand, ensuringion that's needed. Industry’s need for ra icProject

comprehensive technical proficiency in| aretrieval and subsequent reuse of knowledge

world where the trend is toward more multito reduce product development times has The National Institute of Standards andl

disciplinary design can become an equallyesulted in a sharper focus on methods for reffechnology Design Repository Project is an

costly undertaking for a company. resenting and storing engineering artifacongoing effort at NIST in Gaithersburg, Mary-
Driven by such issues, companies increasnowledge. Traditional design databasedand. The project promotes research toward

ingly staff only their core competencies in-which merely provide access to schematicslesign repository creation. We have framed

house, depending on other firms to provideomputer-aided design (CAD) models, andhis research around industry needs identified

the complementary design knowledge andocumentation, are inadequate for this purat a workshop NIST held in November 1996.

effort needed for a complete product. Apose. The emerging research area of desigime infrastructure we're developing consists

design becomes increasingly knowledgerepositories aims to address these industof formal representations of design artifact

intensive and collaborative, the need for compeeds (see the “Design repositories” sidebafinowledge and Web-based interfaces for cre-

putational design frameworks to support the The goal of this research is not to provideting repositories. The project also includes

distributed designers becomes more critigatlesign repositories but to offer prototypesve will make available on the Web.

Although advances in Internet computinghat prove the utility of the design repository Our work to date has focused on four areas:
have improved the means for sharing andoncept. By highlighting and starting todeveloping a design modeling language, imple-
exchanging information, the more significantaddress these issues, this work will speed upenting interfaces for creating, editing, and
barrier to product development is not the prokthe transition and adoption of these kindg dfrowsing artifact repositories; identifying tax-
lem of providing distributed access to distribtechnologies into industry. onomies of functions and associated flows; and
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Design repositories

A design epositor is an intelligent,knowledge-based designtar
fact modeling system used #flitate the epresentéion, capture,
shaing, and euse of cguorate design knawledge. Just as the ard
databasecan efer to either a dabase marmgement system or an indi
vidual information stoe and its contenthe tem design epositoly can
descibe either the modeling system (the utyieg representéon,
interfacesand mebanisms) or a speafdesign aifact model and its
contentAlthough the tem design epositoly has not gt found its vay
into daily use in industr, mary companies @& migating from tradi
tional design d@bases tward design epositoies.

Design epositoies ae distinguished im traditional design da-

so on; havever, a fully compehensie representtion of every
aspect of a design might not be pokesib

Design déabases gneglly contain ony a few kinds of inbrmation
(suc as images,CAD modelsand unstuctured text or documenta
tion). They tend to be st souces of inbrmation, although their
contents canrgw with time Design epositoies might also incde
formal dda or information modelsstructured tet (specializd lar
guages br representing functiondesign ules,and |ajical expres
sions),mathemaical simulation modelsand moe.

Design epositoiies not ory store information but also suppdr
retrieval and euse of design kndedge using sophisticad meth
ods thaare not possile with traditional déabase system3hey
can eplicitly represent piasical and functional decompositions and

bases in seeral signiicant ways:

e Traditional design dabases & typically more dda-centic than
knowledge-centic and contain oyla limited epresentéion of an

artifact—sut as dawings or CAD model

and elaed document@on. Design epositoiies dtempt to cature a
more complete desigrepresenttion tha might indude damacter-

zation of function behaior, design ules,s!

the mapings betwen them. Gien gpropriate algrithms,they
can also suppbmore sophisticeed seathes (br example for
components or asseligs thd saisfy required functions)simula-
tion of behaior and perdrmanceand automigon or patial aute
mation of designeasoning better tharattitional design dabases.
Because erigees hae not designed diabases speddally for
these pyposesthe tiaditional systems arimited in their utility br
the design of layje-scale engeeing systems.

syersion information,

imulation modelsand

creding a pototype designegpositos.

The poject hasaised mmemous eseath
issues thiawill affect the vay engnees imple
ment and use desigepositoies,including

* the deelopment of an irdrmation-
modeling famevork to suppot the
modeling of enfneeling atifacts tha
can povide a moe compehensie
knowledge representéion than tadi
tional CAD systems;

» the use of standdrepresentdons,when
possilte, to leverage reseath eforts and
maximize inteopeibility with existing
software used in indusjr and the conir
bution to the deelopment of long-ten
standadls whele they curently do not gist;

» the needdr representtions tha are both
human- and mdwine-intepretéble, so tha
both human designerand knwledge-
based design systems can access ang
information stoed in a epository;

» the deelopment of taxonomies of sta
dadized teminology to help povide con
sisteny in—and aanss—designaposite
ries,as vell as to &cilitate indeing, seach,
and etiieval of information from them; and|

¢ the implementtion of easy-to-use an
effective interfices ér creding, editing,
and bowsing designeapositoies.

Besides theseseath issuesjaabase and
Intemet access considgions also dect this
project. Reseahers will have to adiress other
pragmdic issues,sudh as commnicaion
secuity and intellectual pypety protection
when shang or exchandng design knal-
edge, before engnees can shardesignapos
itories widey.

Facets of artifact
representation

Reseath in the aea of intelligent design
systems has typicgllatempted to intgrate
three fundamentabtets of aifact iepresen
tation: the plysical layout of the aifact (form),
an indicaion of the atifact’s overall effect
(function),and a causal account of théfact's
opestion (behaior). Vaiious eseathers hare
developed models thattempt to cpture these
facets2

Although major diferences gist in the
implement#ion of su modelsthe top-leel
division into epresenttion of form, function,
and beheior is commonThe NIST Design
Repositoy Project uses anpproac tha
incormporates these tlee concpts. Building
on previous designepresenttion reseach,
| wee have developed an object-@nted atifact
representtion languge thd provides a high-
n level division into orm, function,and behe-

ior. A significant distinction betwen the
reseach we present hex and pevious
reseath is the implementen of Web-based
interfaces to suppodistiibuted access tq
d knowledge. We also &empt to adress ter
minological and taxonomic issues irtiéact
modeling The needdr standadized temi-
nology in design aifact modeling is often
overooked in the liteature; havever, it is an
issue of dtical importance
This modeling languge represents di-
facts as sets of objects arelationships.
Objectsrepresent phisical entities sut as
assemlies,subasseniles,and components
as vell as nonpisical concpts sub as fune
tion and behdor. We use the ten artifactin

the emainder of this &cle in a geneic sense
to signify assenlkes,subasseniies,or indi-
vidual componentd/e userelationshipsto
represent elaions or inteactions betwen
sets of objectsncluding ptysical decompe
sition (of an assentp into subassenties),
functional decomposition (of a function into
subfunctions)and other kinds of intactions
between objectsThe overall atifact epre-
sentéion compises not onf the collection of
the objects thaepresent plisical entities bt
also the other objects anelationships,the
interconnections beteaen themtheir various
attributes,and their alues.

As is tiue in geneal for object-orented
representtions,objects andalaionships ag
instantided from dasses thiacontain &rib-
utes and other iofmation the are trans
fered though inheitance mehanisms.
Thus,a piiori development of usefulgneic
classes of objects andléaionships maks
modeling a spedif attifact easierbecause
mary of the equired dtributes ae allead/
represented in thelass shemada.

Knowledge representation

Traditional CAD systemsepresent ony
geometit daa and other types of imfmation
relaing to geomety, sud as conssints,pare
metiic information, and £dures. Because of
industy’s inceasing dpendence on other
types of design kneledge, new classes of
tools to suppdrknowledge-based design,
product déa mangement,and concuent
engneeing hase emeged in the enigeeing
software maketplaceWhen contasted with
traditional CAD toolsthese ne systemsep-
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Figure 1. Graphical representation of pump mechanism function. The Referring_function references for the three flows have been omitted to simplify the figure.

resent pogress tavard the ne&t genestion of
engneeing design suppotools. Havever,
they focus pimaily on daabase-elaed
issues and do not emphasizformation mod
els for atifact epresentéon. Futhemore,
although these systems capresent nong
ometic informaion—for example about
design pocessmarufactuing processand
bills of maerials—representtion of the ati-
fact s still gneally limited to geomety.

To leverage reseath eforts and maximie
interopembility with existing softvare used in
industl, we male use of standdmrepresenta
tions when possile. For geometic represen
tation, we use 1ISO 10303nore commory
known as the STEP (Standdor the Exbange
of Product Model D&a)—speciically, appli-
cation protocol 203As moe CAD companies
incomporate the ility to import and &port
STEP d#a, the use of the STERP 203 as a
neutal forma will make NIST designeposk
tories moe widel accessile than vould a po-
prietary CAD-system-spedif forma.

In the designepositoly implementéon, a
representtion of ggomety is also maintained
in theVirtual Reality Modeling Languge.
This forma facilitates visualiztion of repos
itories tha uses can emotel access fsrm
theWeb. Although STERAP 203 viavers ae
available, they are neither as peasive nor as
well integrated withWeb browsers as ae
VRML viewers.VRML is not suitdle as a
complete eplacementdr the STERAP 203,
though—it was designedof graphical dis
play of geomety and not 6r geneal geo
metiic representdion, soVRML cannot ep-
resent all the kinds ofepmetic information
designes need

The standats-deelopment commnity
has bcused pmaiily on representing go-
metiic daa.This is deally essentialbut it is
no longer suficient. As industy’s reliance
on nongometic informaion and knavl-
edge-based design ineasesso does the
need or standads for design knwledge
sud as functionpehaior, and other kinds
of nonggometic daa.

In addition to geometit daa, this poject's
informaion-modeling famevork includes
representtion of function and behéor, phys-
ical decompositiongunctional decomposi
tions,and mapings between the pysical and
functional domains. Long-ter plans intude
extensions to the &meavork to admit other
kinds of nongometic information sud as
design ationale Although the standds com
munity is not \et exploring these sdas of for-
mal standats,we expect the NIST pject
will lay an eally founddion for sud work.

The gneic schema br the function indr-
mation model heg illustrates the sticture of
existing shiemda:

Function

Name string

Type [Generic_function_class]
Documentation string (or NULL)
Methods string (or NULL)
Input_flow {[Flow]} (or NULL)
Output_flow {[Flow]} (or NULL)
Subfunctions {[Function]} (or NULL)
Subfunction_of [Function] (or NULL)

Referring artifact [Artifact]

A word in bradets ([ ]) indic&es a eference
to another di@ stucture, and one in kaces

({ }) indicates a list of eferences to other
daa stuctures.

TheName of the function is a strig and nust
be unique The Type is a eference to a
geneic function dass thais pat of a fune
tion-dass taxonom (to be discussedtr).
Documentation iS a sting used to
descibe the function. In casesher a
desciption is long this sting can consist of
or indude fle pahs or URLs thalead to
more information, images,and so 6rth.

Methods is another sing and can also be
a file pah or URL.This item difers from
Documentation in tha Methods is
intended to inktide computeprocesshle
informaion (sud as computer pgrams,
code fagmentsrules,and constints) to sup
port computetbasedeasoninglaout a design.

The net two items in the deema ae
Input_flowandoutput_flow. These a&
references to lists of input and outpldviis
for the function.

To illustrate the elaionship betveen fune
tions and fows, if an atifact cowerts direct
current to otaional motion,the function is
totransbrm, and the input and outpubfvs
are direct curent and rotational motion,
respectiely.

The net item in the skema isSubfunc-
tions, a list of eferences to other function
daa stuctures.This lets a function be bken
into multiple subfunctionsgad of which can
have its avn associted input and outpulidws.
The dvision enaéled by Subfunctions lets
us mg comple& functionality to moe detailed
pottions of an difact model.

The net item in the shema isSub-
function_of, which we can think of as the
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inverse of a eference indicted by Sub-
functions. In other vords,if function A
has functions B and C as subfunctichgn
B and C ae subfunctions of and will list
functionA undersubfunction_of.

The last item in the function sema is
Referring artifact. This is a eference
from a function to the @ifact thareferences it.

Figure 1 displgs dda stuctures and ef-
erencesér a mebanism thaforms pat of a
fluid pump design. It illusétes hov geneic
schemda can cpture knavledge aout the
physical and function domains and ppéngs
between the domain$his metanism taks

the motion fom a motodriven otéting shaft
and conerts it to oscillaory transldional
motion tha drives the pumys piston heads

At one level, we can egard this mebanism
as a single &fact with an inputlbw (rota
tional motion) vhose sowe is a motor sha
and with an outputdw (oscillgory transla
tional motion) vihose destirteon is the pumg
heads. Havever, the function of this mée
nism is actuajl more comple—it consists of
multiple subfunctionsgad of which is séis-
fied by different potions of the melzanism.

The mebanism accomplishes the ven
sion of motion asdilows:

* A motor dives a shaftwhich entes a
gearbo.

e The gearbx reduces the speed aita
tion and the output dres a camshaft.

e The caméllowers have links to the pump
piston headsesulting in an output éhe
piston heads of oscillary transladional
motion.

The stucture of the shemaa for function
and fow represents theseuitiple subfune
tions individually and m@s them bdcto the
appropriate ptysical atifact domain.

Design epositolies aim to sere as ich
stores of coporate design kneledge. They
are nothowever, intended to be sophistieal
paits cdalogs in which a designer can sehr
for final pats or subassentibs to dop into a
new design. In most casestifact knavledge
retrieved from pievious designs will not com
pletely apply to a similar poblem.A design
might require futher modifcation bebre suit
ing a nev design. In mayinstancesgven a
modified design might not @rk. Even soa
designer can still berieby retrieving knowl-
edge dout pevious designs andpglying it
to a nev design or i gaining insight into hey
an ealier relaed atifact was designed

Another way in which designes can use

stored design kneledge is to suppdrdesign
automaion. Knowvledge-based design sys
tems ae becoming mar prevalent in indus
try because of theirbdity to automae—or
patially automae—design easoning In

some casetiey can deise selected ptions
of the design mrcess.

From the knavledge representéion stand
point, these tw uses pwduce corlfcting
requirementsAlthough naural languae is
the most rpressve and easyl compe-
hendeddrmat for humansit is a poor boice
for stolge, retrieval, and computebased
reasoning;dr thoseformal representéions
are peferable. Cornversely, a formal repre-

EXCHANGE OF KNOWLEDGE
BASES OR DATABASES CAN
BECOME PROBLEMATIC WHEN
MULTIPLE COLLABORATORS
USE DIFFERENT SYSTEMS.

sentaion is of little use to a human design
if extracting inbrmation from it is too difi-
cult. Thus,a key objectie of this eseath is
to provide knavledge representéions tha
are both human- and miaice-intepreteble,
so tha both human designerand knwa/l-
edge-based design systems can access
use inbrmation stoed in a desigrepository.
The information-modeling famevork we
developed uses afmal knavledge represen

example geneic XML parses allead exist;
these libeste software developes from the
burden of witing parsess to ead XML dda.

Exchang of knavledge bases or da
bases can becomeoblematic when multi-
ple colldborators use diferent systems.
Because XML is aASCII text-based lan
guage, XML-based epresentéions will
facilitate inteopembility and knavledge
exchang@ among distbuted designes,
design teamsand companieslhroughout
the couse of our wrk, we hae creaed
XML mappings br the function andiéw
schemda as vell as br the taxonomies of
function and fow, and we ae curently
developing similar mppings br other
aspects of difact iepresenttion?

Taxonomies and terminology

Workers often @erlook the needdr stan
dadized teminology in the liteature of
function-based design; vever, it is an issue
of critical importance br a umber of ea
sons.The frst is to educe ambiguitytahe
modeling leel due to the use of uitiple

etterms tha mean the same thing or the use @

one tem with multiple meanings. Distilla
tion of a design-stage lexicon into concise
taxonomies does not elimitesthis poblem
entirely, but it significantly lessens it.
Arelaed issue is thaf uniqueness—not

astdhe level of individual tems,as with syn

onyms,but & the concptual level. The lager
the rumber of tems tha constitute a@ceb-
ulary, the moe ways thee ae to model or

tation hut one vherein a human designer candescibe a gven concet. This males the

use suithle interfaces to comghend and
browse déa stuctues A current efort in this
project involves maping from the @neic
schemda and d& stuctuies into XML, which
is similar to HTML hut lets uses develop their
own tags, various kinds of eferences,and
other mebanisms. XML is both human- an
madine-intepreteble and povides a better
representdon to help implement softawe sys
tems based on this imimaion-modeling
framevork.

XML'’s advantayes aver the initialy devel-
oped gneic schemada (as vell as wer other
altemaives br formal information-modeling
languaes) stem fom its widespead adoption
in information tecinolagy. XML suppot is
expected in upcomingarsions of seeral com
mercial Web browsess and vord-processing
applicaions. Numeous XML authoing and
development tools aralead available. For

processing of mviously represented irdr-
maion mote difficult, whether ly a human
trying to intepret informaion someone else
has modeled orypan algrithm developed
for design automnt#n or reasoning bout a
design.

d We can tak a minimalist pproac to ter

minology to mitigate this poblem. In pac
tice, it is impossilte to devise a wcabulary
that allows all concets to be modeled in one
unique vay because thddxibility required
to represent a lwad set of congxs results in
multiple ways of epressing the same con
cept. Havever, to the etent thawe can iden
tify design concpts as uniquéntermreting
information becomes easier

A third reason ér deseloping a standdr
ized teminology is thd it increases the uni
formity of information within atifact mod
els. Poviding a geaer deyree of consisteryc
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Function
Usage-function[...]
Sink[...]

Sourcel[...]
Storagel[...]

Assembly-function[...]

(@)

Combination/distribution-function[...]

Flow

Material[...]

So

Liquid[...]
Gas[...]

Mu

Transformation-function[...] Generic[...]
Conveyance-function[...] Mechanical-domain[...]
Signal/Control-function[...] Translational-domain[...]

Mathematical/Logicall[...]
Signal-processing|.

oo

(b)

Energyl[...]

Electrical-domain[...]

Thermal-domain[...]

Hydraulic-domain[...]
Signall...]

lid[...]
Object[...]

lti-phase-mixturel[...]

Rotational-domain[...]

Figure 2. Top-level subdivisions for the (a) function and (b) flow taxonomies.

within and acoss designepositoties will
facilitate indexing, seach, and etrieval of
information from them.

The frst phase of taxonoyrdevelopment
has bcused on the aa of function epre-
sentdéion. Besides desloping shemada for
the epresentdon of engneeing functions
and assoctad fows,we hare designed a pai
of geneic taxonomies of function andbfv
tha are concise gt compehensie enough
to allowv the modeling of functiorof a boad
vairiety of engneeing atifacts.

Figure 2 shavs the top-leel divisions of
the two taxonomies. Bxdketed ellipses ([...])
indicae tha ead listed type has alitional
terms as subtypes thare not listed in the
abbreviated taxonomiedVe have previously
pubished the gtended taxonomies contain
ing over 130 functions andver 100 fows 10
We intend to futher the golution of both
taxonomies to ddeve moe compehensie
coverage of engneeing functions.

Implementation

Besides againg a epresentional infra-
structure for design difact modelinga see
ond objectve of the NIST Design Rmsk
tory Project is to deelop a computéonal
framavork for the ceaion of design epos
itories and a wof-of-concet prototype to
demonstate their benefs. This reseach has
resulted in the implemerttan of a suite of
tools for distibuted deelopment of and
access tajesign epositoies.The system &
implemented lets nitiple distibuted dients
acces¥\Veb-based intedces to desigrepos
itories using commoeb browses.

The Design Rgositol tool suite intudes
several components besides tiMeb-based
interfaces:

« ObjectStoe, a commetial, object-orented
database-mangement system aeloped

by Object Design.

¢ A Web-based desigrepository editor
to creae, modify, and upd&e design
repositoiies.

* A Web-based desigrepository browser
the user integce to a desigrepositoly
that lets the designer wyate thiough an
artifact iepresenttion.

« Adesign epositoly compilerwhich tales
a formated text file creaed by the design
repositoly editor and &nsers the contents
to an ObjectSter ddabase

¢ An informdion extractor ordecompiley

File Edit View Go Communicator

which takes the contents of a @hase
and eplicates them in adrmatted tet file
for further editing

e STEP/Wrks, a STEPAP 203 viaver
developed ly Intemational TechneGoup
for local (non-Veéb-based) visualizen of
STEP-basedapmety—desigble in some
cases becauStRML provides a less-com
prehensie representtion of geomety.

TheWeb-based desigrepository editor,
which uses can accessver most common
Web browsess, gredly simplifies the design

€

4%

]

A

Back  Fonvard  Reload Home  Search Metscape
o
Al
The NIST Design Repository Project ]
il
! ] drill artifact 1
| parent: Power_transmission_system_artifact A '
 oid: o8
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Attributes: —
The Has part hierarchy A
; fonetion drill_systern fonction 1 P "
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; form drill system form 1 -
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: . y ® power system 1 b
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O battery panel 1
® white wire 1

& red sire 1

Figure 3. Web-based artifact browser interface.
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repositoly development pocessThis inter
face povides a designer wittemote acces
to a designepositoy. It lets the user egte or
edit a design éfact model i creaing objects
and elaionships fom &isting dassesadd
new classes of difacts,and desdbe plysi-

cal,functional,and behaoral decompositions

as vell as the mppings betwen them.
This editor is a combirteon of a brm-
based and point-andigk interface thaaute

matically genestes brms for the designer ta

fill out based on the #fact lepresentéion
schemda. The editor handles inofmation
mana@ement issues andepending on ci
cumstanceg;an automg creaion, naming
and linking of déa stuctures. It can also main
tain a to-do list ofempty” daa stuctures tha
were ceded hut not yet fully descibed

The other aailable interface is theNeb-
based designepositoly browser Fgure 3
shaws a saeenshot of a lawvsing sessioroir a
design epositoly containing the @fact model
of a Blak & Dedker codless pwver dill.

The bowser povides a point-andhck
interface thélets the designer dwse an gist-
ing design epositoy. The fgure pesents
object-orented déa stuctures (objectsiela
tionshipsand their tasses) Wwelein hypetinks
allow navigation to connected dastuctures.
From the atifact object shan in the fgure,
the user canlick on one fipetink to exam-
ine the atifact’s function or on another to we
the elaionships ér tha attifact. (The frstindk
caes the aifact of which this object is a sub
assemly; the second speif the futher dii-
sion of this atifact into subassertibs and
componentsJhe diferent types of da stuc-
tures as wll as the fipetinks ae colorcoded
to allow easy identitation. The user carol-
low the atifact's form hypetink to an object
tha has a link to a 3D model of treatifact—
either in STERAP 203 brmé or inVRML for-
ma for Web-based vieing. Fgure 4 shas a
screenshot demonsting the visualizaon of
the paver dill' s ggomety in VRML forma.

The bottom-ght pottion of the interce
provides the verall hierarchical plysical sub
division of an difact into assenties and sub
assemlies davn to indvidual components
The user can quity jump to ai attifact object
in the hiearchy by following one of the yper
links. As a user visits diérent pats of the
designthe interce cahes these lotians in
the histoy link in the top-ight potion of the
interface letting the user quidy retumn to ary
previously viewed pat of the atifact model.
Figure 5 displas the achitectue of the d&a
interactions in the desigmepositoly browser

Because w intend the intesices desired

5 10 provide access to Ige bodies of kneledgg,

usaility is pammount. Ceding prototype

repositoies has let us undgtand har uses
access thesepositoies and hav the system

presents irdrmation to themWe have stated

browser interlces to adress these issues.

Information processing and
knowledge retrieval

Now tha a formal specitcation for repre-
sentdion of atifact function inbrmation and
a piototype atifact modeling systenxest,
the net ste is to gneete algrithms for
information processing and kndedge
retieval. We have identifed and deised a éw
algorithms for informdion processing ancee
soning lut have not yet implemented them.

For example we hare designed an abg
rithm to seath an atifact iepresenttion to
identify input and outputdws for functions
that reduce to subfunctionsoFthe meba
nism exemplified in Hgure 1,this algorithm
would detemine tha the input and outpu
flows for the pump méwanism function a
rotational motion and osciltary transla
tional motion,even though thesddws ae
associged not with the mdwanisms func
tion hut with its subfunctionslhis algprithm
can pocess complefunctions thaare oga-
nized into moe than one kel and thahave

flows tha may reference diferent souce and
destinaion atifacts.

Once ve've modeled stitient design di-
facts,the set of models can seras a da-
base 6r knavledge retiieval and euse Using
the dove algrithm, a designer can searfor
patticular function stuctures; a seah for
something thieconverts rotational motion to
oscillatory transldional motionfor instance

the sthemda thd has been deloped also
cgptures \arious kinds of popeties,we can
include them as sedr ciiteria. We can seah
not onl for a function sticture thd corverts
electical enegy to rotarly motion hut for one
whose input is eledtral enegy in the brm
of direct curent &, say, no moe than 12 elts.
Furthemore, this formal representtion can
suppot even moe sophisticeed queies.As
illustrated in Rgure 1,a user can ngethe afi-
fact iepresentéion to a gaph on which the
varous dda stuctures (functionsflows,and

work on nev versions of both the editor and

subfunctions with maltiple input and output

would find the pump métanism. Because

artifacts) ae nodesand eferences among

File Edit View Go Communicator Help

} ¢~ Bookmarks % Location: 7l
_] Back Forward Reload Home Search Guide  Print Sanutity‘

Figure 4. Visualization of the power drill geometry.

déa stouctures ae acs.

We could use sophistieal gaph-based fa
tem-maching algorithms for even moe intet
ligent kinds of seahesA seach could #empt
not onl to mdch a function with ceain inputs
and outputs lit also to taget or aoid cetain
kinds of subfunctions or inteal lows. Once

t suh seach algorithms ae implemented
seaches could taget or aoid cetain kinds of
artifacts or couldteempt to ind function stac-
tures thasdisfy cettain functions and thaave
fewer tharnx parts and so on.

Seaches of these kindsawirtually impos
sible using taditional design dabases in
which function is either degbed in some kind
of naural languge document#n or—e/en
more often—not eplicitly cgptured a all.
Thus,in addition to poviding a neutal lan
guage for cgpturing and &changng atifact
information, the iepresenttéion we desabe
provides a mean®f the cedion of achives
and epositoiies of coporate design knwl-
edge thd suppot more efective retieval and
knowledge reuse

N

7-HE NIST DESIGN REPOSIDRY PROJ
ect is deeloping an inbrmation-modeling
framevork to supporthe cedion of design
repositoies.This poject is diven ky industy
needs—needsf representton, cgpture, shar
ing, and euse of cqrorate design knaledge.

Besides contining the pesent aspects of
the poject and populing the designepos
itories with nev design atifacts, several
important aeas of eseach remain to be
addressed in fute work.

The main aspects of the design modelin
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Figure 5. Architecture of design repository browser data interactions.

languaye ae the epresentdon of form,
function,and behwior (as vell as elation-
ships betwen their assodied objects).
Although atifact epresentéion curently
cgptures inbrmation from the plysical
(form) and functional domains and ppéngs
between themrepresentéion of behaior
within the «isting framawvork is still rela
tively simple desciptive, and tet-based

Another objectie for future work is to
incomorate a moe formal representéon of
behaior to allov composale sinulations.
We will explore the possibility of incqro-
rating an &isting behaior-modeling lan
guae into the NIST Design Resitory Pro-
ject bebre we dtempt to cede a nav one

The DeenseAdvanced Reseeln Pojects
Ageng/’'s Raid Design Exploation and
Optimizaion Piogram (for which NIST was
a funding gent) has funded ark in the aea
of behaior modeling though two projects:
the Model-Based Suppaf Distibuted Col
laborative Design Ruject (peviously How
Things Work) at the Stanbrd University
Knowledge Systems Laoratory!! and the
Active Caalog Pioject & the Unversity of
Southen California Information Sciences
Institute!?

A need alsoxasts to &pand theepresen
tational caabilities of the curent system
beyond the kinds of irdrmation tha have

alread/ been incoporated into the gisting

modeling languge. Most notédly, although
the iepresention presenty captures a phis-
ical decomposition of a desigrtigeict,it lacks
a detailed asserhbmodel thadescibes the
various components of this decompositig
We will expand the cuent atifact iepresen
tation to cature assemly-relaed informa
tion (sud as assenipconstaints and miang
information).

In addition, design gtionale epresenttion
is very impottant for efective reuse of enig
neeing design kneledge. At one level, some
pottion of design ationale is catured in the
current gproad by virtue of eplicitly rep-
resenting an &fact’s functions and npping
them to fows, which are then mpped bak
to the plysical domain. But desigationale is
a moe comple issue thaextends bgond
artifact function.

The main dawbad of the curent imple
mentdion is speed of imfrmation accessVe
have a nev architectue under deelopment
tha addresses this issue in amber of vays.
First, queies will be seved moe quikly
because lger amounts of irdfrmation will be
available in actve memoy (tha is, RAM) in
a sever-side dva gplicaion called sewlet.
When naigating an atifact iepositoyy, the cur
rent implementdon requires epeded time-
consuming quees to a debase bac end
SecondtheWeb browser will process inbr-
mation for presenttion puiposes on thdient

side usingdvaScipt. This allavs the sending
of a lager amount of infrmation to the Gent
with ead quey, which vely slightly increases
the time assoctad with a single qugrbut
deceases eerall lag time ly substantialf
reducing the totalumber of serer queies.

Furthemore, uses of our initial implemen
tation have povided substantial inpusgarding
the pesenttion of information through the inter
facesThis feedbak has esulted in a sigrifant
redesign of the intextes ér the achitectuie cur
rently under deelopment.

Industy needs hee motvated the NIST
Design Reositoy Poject.As sud, we hope
that industy will beneft from this tebnical
founddion for the deelopment of design
repositoiies. Another potential useof this
work is enhancement of thetdbase content
at the US Rtent andTrademak Office. Cur
rently, patent information consists of t¢ and
2D images. Poviding a brmal atifact iepre-
sentdion tha extends to function and beha
ior not ony leads to a mer compehensie
desciption of a deice hut also povides adli-
tional types of inbrmation for meaningful
indexing, which could lead to mereficient
seach and etiieval of paent information. =
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