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C"LALENGES IN
POIO~CT OEFINIT1ON MANAGE)*"I I

Stanley 3. Trost

Lawrence Li vermore Natitonal Laboratory A;ýioo

ABST'RACT INTF4UCT LON

Lawrence L i vrmore, National Laboratory (LL.ML). Lawrence Liver mor a ational Labortory ILLML).
together with other DOE ag4ncles, is partfcipattng together WIth Othff 0(1 agentcie. $1 PartticPet1"Q
in a multi-year program to provide full CIO4 in a multl-yivar program to provide NITi C 10
capability across four design laboratories and Seven capability across four design laboratories and leven
manufacturinig plants. W# Mave gained substantial manufacturing plants CI). Our goal is to design In
experience in compiter aided design. secure an oil CAD onvievnmnt, transfeor the design to
electronic transmission using the IEES stanodard, and maniufacturing entilneer ing and operate on the
transferring designs to our manufacturing partners. resulting data base. ife have gained Sbstant ial

experionce In comuter aided des i go. secure
Two major shortcomings exist in current electronic transmssion using thle IG.IS standard. and
limplementations: 1) ICES Is insufficient to meet our transferring desIgns to our manufacturing partners.
needs and 2) database maniagionut and archival
technologies require much more effort. We are we face may difficult technical challenges.ý In
addressing the first concern by active participation particular. the Initial graphics Exchange Standard
in development of the Product Definition Exchange (ICES) standard. while showing the possibility of
Standard (PO(S). We are also actively pursuing enabling CAO file exchange betwee dissimilar
solutions to the second probim;. we have learned system, has severe limitations. We have also
that the ultimate devealopmmit and application of found. that in may cases current technical
POES will effect data base managument and archival, capabilities are insufficient to meet new needs.

For exainsle three dimensional data cannot be
Now challenges Onerge lot an electronic comletely represented on two dimensional surfaces.
envYi rorment. Amng these are the merging of
corporate and engineering databaesm lack of The second set of challenges, while not technically
industry standards, many now archival technologies dimanding. are Proving harder to overcom. Newly,
including optical and magnetic media, and different peoples resistance to change. lack of Confidence in
data formats (raster, IGES, native CAD, plot). We now techniques, and the inertia of several centuries
must learn to manage 3 dimensional geometric data in of doing thin"s the Sam way or* severe obstacles to
addition to flat drawings. Producing new standards moving forward.
to help promote these technologies is vital,

This paper outlines commei' issues faced by all
We are approaching system design and Implinentation industrial organizations, discusses many new
by application of a multi-iayer model of the challenges, and describes possible solutions. The
drafting and records environment. this logical Product Definition Exchange Specification (POfS)
model lots us break down requiremots Into easily initiative proises to provide a rigorous foundation
understood and managed entities. tncluded are views for future product definition. We touch on POE$ and
of the drafter, drafting rowm, project, and entire its implications.
laboratory. This paper discusses this model and
implications for other organizations.

*Thil work was performed under the auspices of the
U. S. DO by Lawrence Livermore National Laboratory
under contract No. W-1405-Eng-48.



We are approaching system design and implemntation maintain file tompsatiiu'ty. Further, many r1A
by application of a multi-layer model of the systems use thrt diensonal gecmetry as *,etnt i
drafting and records enviroawet. This logical anit; this 9*eotry can't to completely rep~eneteo
model lets us break down requiremeits into easily 0n 0ape.
understood and managed entities. Included are views
of the drafter, drafting room, project. and entire We have rioted that orawrigs art the metric in thet
labioratory. This paper "scussei thtis modal and paper world. A different metric applies to !"e
implications for other organizations. electroinic world: namely the oatic 4nit is the

file. Files Con be drawings. but may also -tw
DESCRIBING THE PROBLEM electronilc represetationms of p.ica¶O1

standards, procedures and Other engnferiq9
This paper describes our approach to making the doc: SAW t s
transition from the paper world to the new
electronic world. Many now user demands, new The new print room
technical requirements, and peoples resistance to
change complicate the problem. Consider the state CAD users, CAD managers, print room and engimerr'ng
of engineering documentation pre-CAD. managers face a commn problem - managing 'he

transition from paper to an eiectron'c world. New
The Lmpef. world challenges emerge In an electronic onvirownmt ý21

Among these are t he merging o f corporate and
Most engineering organizations manage drawings in a engineering databases, lack of lrdustry standards,
central print room or vault. The print room Is Many now Archival technologies, Including optical end
responsible for archiving drawing masters, ensuring mogm~tiC media. and different data form~ats (rester.
revision control, managing drawing distribution, IGES. native CAD, plot). We m"st learn to manaoge 3
preparing ,eashoffs for new modifications. and dimensional geometric data in additionr to flet
similar functions (figure 1). In addition to drawings. Producing now standards to help promote
engineering drawings, the pr int roam assumes these technfologies is vital.
responsibility for specifications, procedures,
material lists and similar documents. FACIXG THE ISSUES

Managing product definition means %Auch more than
automating the print room. A systems approach must
be taken to define the problem, esta'i'ish the
requirements, and recomend a solution. LL4L 's
experience Is similar to "may organizations. We are
moving toward automated product definition

Vol managemet in a careful and controlled way-, we have
W identified a number of current issues as weil as

Siovu~many new challenges that must be met.

Many different CAD vendorsL UEarly on. we standardized on one CAD ven~dor. This
sial if Ito acquisition, training, and system
support. However, capabilities of CAD vendors have

01911iftudn increased and there are "may new cwomanies In 'he
market. Futherooro. emergence and acceptance of PC
based CAD systems has rapidly proliferated the
number of systems in use. It is no longer

Figure 1. The print room is responsible for drawing reasonable to expect that a single vendor solution
storage, distribution, revision control, and other will suffice.
functions.

Because the native data formats of various CAD
The metric in the paper world is the drawing, systems are different, any data management system
Drawings are usually thought of as sheets of paper must be capable of handling a wide variety of
of standard size. (Most organizations use, A. J., C, digital data description. At this time, thert is no
D, and E size sheets, whose dimensions are wall industry standard neutral data format that will
known and accepted.) suffice.

The archival mediu, for the paper world is usually Paper and electronic systems must co-exist
film, prized for its longevity. Mote that reduction
to smail film size and enlargement to original size Even though CAD system usage increases, there will
are accomplished by using standard photographic always be the need to manage paper drawings as
equipment -- equipment in most cases that has not well. This includes established designs, as well as
undergone physical changel in many years, new ones. System requirements must recognize that

paper and electronic systems will co-exist.
The-,electronic world

Tote electronic world is complicated by a plethora of
CAD systems, none of which have native file All organizations, whether 000 contractors, or
compatibility. Often, different software revisions industrial firms needing to mointain trade secrets,
from the same CAD manufacturer are not guaranteed to must be conscious of computer system security.
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system design must ensure that electronic archives Merging corporate and engineering data twsts
are accessed by only authorized users. i f
electronic distribution is used. data outside the As the information content of engineering datarases
print room must be protected. grow, there will be overlap and redundancy with tme

corporate data base. For &ample, material
Cost tradeoffi suppliers will show up In a bill of materials

database, inventory database. and accounts payable
Modernizing a print room so that it can handle database. Good databtse design requires ceunsitency
electronic data can Involve considerable expense; among all these; eventually. they should be meged
traditional capital allocation methods must be as a single entity.
applied in deciding how much and how fast to fund
the new endeavor. It may be possible to defend a Findln an appropriate archival medim
return on investment anaIrsis through reduced labor
costs. Our experience, however, is that improved Paper and file are the current archival media '*ýr
productivity will not justify the required engineering drawings. Print room maiage'ri assýne
investment. The cost tradeoffs must be weighed with that MOW optical disk technology will proviOe the
other engineering investments Including new CAD appropriate future Aedi,. •agnetic media is 01so
equipment, computer aided engineering systems, and acceptable, provided it is periodically updated.
new research and development activities.

Note, howver, that digital archival requires that
Resistance to chage equ Ip t be available to reproduce the stored

data. In the 1960's. digital tape density was 556
Peoples resistance to change continues to plague bits per inch; today it would be lqossible to ef d
conversion to modern electronic systems. a tape transport that would reproduce data recorded
Nevertheless, new electronic CAD systems cannot be on a 556 bpi tape drive. People imlmp etIng
adequately managed using traditional paper oriented archival technologies must keep future reproduction
print rooms. Management must face the cultural in mind - this may necessitate wiodic updating to
challenges and move forward, new standards.

THE MOUNTING CHALLENGES Finding an appropriate archival format

As depicted in figure 2, CAD/CAM and electronic data Defining an appropriate archival format is a
management lead to a number of mounting challenges, formidable problem. Native formats will not suffice

for several reasons - vendors releases aia- ot Ie
compatible; coanies may chamge vendors; ,•eodors
may disappear. Figure I illustrates Issues related
to electronic file archival.

S- -- "
-v-ram

now aaMh as

SFigure 3.Many dfeetil -h met hods have

be" proposed. The drainq illustrates increased
_ _vis__ equivalence with decreased electronic

3-0 utility.

Many companies are counting on the IGES data format

as an archival means. However, current IGES
Figure 2. Electronic systems lead to a nuber of technology is mot sufficient to guarantee full
new challenges including multiple data bases, reproduction in tither a visual or machine readablearchival issues, and the need to handle geometric format. Several other possibilities exist including

files. HPGL or Calcomp formats (industry standard plotter
fqrmats}, rCCIT rester formts, and other common

Multiple data systems display formats. POES may offer a future archival
standard.

Multiple data sources exist within the engineering
organization; in addition to multi-vendor CAD "anajIng geometric data
systems we find materials property data bases,
procurement data bases, and engineering standards. As previously stated, three dimensional geometric
There may also be several departmental computers, models cannot be managed with two dimensional
with different databases and database management methods (paper, flat files, etc.). This moans that
systems on each. three dimensional storage methods must be avalable

for complete data management. While plotter and



master formats will work for partial visual A NEW MANRGEENT MODEL
representation, complete digital descriptions will
be necessary for product data. The data manageumnt dilma

INDUSTRY STANDARDS, PANACEA OR moPE Managing engineering informtion requires IntesOe
thought, investigation, planning, and eventau !

We have touched on standards as offering industry coitment of resources. Proper balance between the
wide solutions to common engineering problm. Well needs of the drafter, engineer. print room, ano
thought out standards, with wide industry support. corporation ore needed to develop the now system.
can work. All too often, however, standards do not
deliver on their promise. Below are some important Data management in the pap!r world
standards you should consider as you develop your
information architectuwes. The traditional paper based print room serves as the

drawing repository and distribution point. Print
The Pandora's box iGaES ro ro are a production facility oriented aroand

reproduction services. Archival technology is #eI)
The Initial Graphics Exchange Specification, (IGES), know and understood. Careful thought show% th4at
offered promise that different vendors CAD systems straightforward extension to an electrontc world s
could interchange data. The IGES comittee, working not practical nor desirable.
with the National Bureau of Standards (SOS). has
raised its specifications to level 4.0. Inherent A now model for the electronic world
CAD system problems Including different basic
geomtric entities, different usage by drafters, and We have developed a multi-layer model to iescribe
varying engineering and drafting standards, have requirements for the electronic world (figure 4).
kept IGES from meeting its full potential. Most This model Is based on individual and separate needs
systems adequately exchange geometric information, for data numagement.
but have difficulty with text fonts, certain
drafting symbols, and similar items.

As mentioned above, the IGES data format has bee
tried as an engineering archival format. However,
limitations noted in the previous paragraph preclude
IGES as a serious contender.

POES - Another Pandora's box ?

Individuals active in the IGES community have
spawned a higher level activity - the Product
Definition Exchange Standard. POES is viewed as a
standard to allow complete product definitton
description thus enabling design, transfer and
archival. There is Intense action at the national
level attempting to define POES. The Air Force CALS
program is actively sponsoring PIES as a future
standard.

LLNL is a participant in the PM spcification
process, We hope that national activities will lead
to a useful standard. Only tim will tell hew
successful it will be. Figure 4. A layered model for electronic datamanagement.
Vector and raster formats

Model components are:
We touched on the possibility of using plotter
formats for an archival technology. May of these The drafters view. The drafter needs local
formats have existed for a long time; their control of hM7Mabases while they are in the
stability offers promise of an effective archival preparation stage. He requires rapid storage
specification. LLNL believes that appropriately and retrieval, system backup, plotting, and
chosen standard formats can be used as an interim version control. He also needs the equivalent
specification for visual storage. of an electronic washoff. Note that once a

drawing version is released, the drafter should
Howyou should approach standards not be able to replace the drawing without

formal revision control.
We believe that industry and national standards are
very important components of engineering; in fact Drafting's vtiw. The drafting room must have a
they are necessary for survival in a competitive means of controlling. storing, and retrieving
world. POES appears to be the most important drawings for the entire drafting room. Drafting
emerging standard; we recaom. d active participation rooms may have only one vendors equipment, or
In developing and validating this new standard. they may serve multiple vendors. Rapid access

is necessary, with a feeling of local contro1,
We believe that a central corporate database
will not support the drafting view.
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The-projects view. The project serves personnel
yond-th- -daf tng room. This includes

engineers, planners, and other support
personnel. There must be capabilities for
distribution, markup. and approval. Note that
there is a lower time urgency as one moves away
from the center of the shell.

The deartment view. The department is an
engi inee ig organization that spans several
projects. There must be a measure of
Integration and compatibility between projects
in one department. Depending on the department
size, activities may span more than one drafting
room and will certainly encompass multiple CAD
systems. The management model must allow for
these possibilities.

The e, ter~se view. The enterprise encompasses
the ent(i•e orgmnza ion's databases. We are a
long way from being able to simultaneously
handle engineering requirements and enterprise
requirements.

CONCLUSION

We have shown that moving from the paper world into
electronic management of electronic files is a
difficult process. The transition can be eased by
careful consideration of your requirements and
industry trends. Requirements, trends, and
potential technologies have been outlined by many
authors [3], [4], (5].

New standards are arising and the POES specification
seems to be very important. Active participation in
its development can help protect your organization's
interests and will keep you current. A single
vendor solution to CAD no longer seems possible or
desirable; it's also likely that a single vendor
data system will not suffice.
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