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Abstract

Long term archival and retrieval of engineering data is a¢@myponent of product life cycle man-
agement. Standards have emerged over time to facilitaltévat@nd retrieval, particularly with respect
to CAD data. In this report we assess the state of the art imsiing academia, and government, with re-
spect to archival management and preservation planninditiddally, we present different scenarios for
the integration of the DART Workbench tool with an archivatiaetrieval system. These scenarios are
based on existing CAD/CAE industry standards as well as 88o\/eb technologies. The goal is not
to design and implement a long-term archival system, baierato anticipate potential future systems
and consider how the DART Workbench may integrate with th&reecondary goal is to provide some
reasoned input for eventual lab-wide implementation of @i@aar approach, thus steering the design
of such a system to some degree.
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1 Introduction

A central component of product life cycle (PLC) managemsnthe long term archival and retrieval of
engineering data. Standards have been developed over a&noifmears to facilitate robust archival and
retrieval, particularly with respect to CAD data. This repgeeks to assess the state of the art in industry,
academia, and government, with respect to archival managteamd preservation planning. Subsequently,
different scenarios will be investigated for the integratof the DART Workbench tool [1] with an archival
and retrieval system. The actual implementation of thigavily contingent upon Sandia’s lab-wide posture
toward product life cycle management and long term archi&ihce a lab-wide system is not currently
in place, the objective of this report is to consider possidirections and generate high-level strategies
for the integration with a yet to be implemented protocol lflmmg term archiving and retrieval. These
possible directions are based on existing CAD/CAE industandards as well other technologies which
have emerged from the industrial and academic commun8id8] [10] [11].



2 STEP as a Neutral Archival Format

The STandard for thé&exchange oProduct model data (STEP) is a set of standards (parts) deselonder
ISO 10303 [4]. It provides a neutral machine interpretalkleresentation of product data throughout the
life cycle, independent of any proprietary component. Téteo§standards comprised by STEP fall into one
of the following categories: description methods, intégglaresources, application protocols, abstract test
suites, implementation methods, and conformance tedtlioge specifically, the parts include,

e Part1 - Overview

e Parts 1x - Description methods (the EXPRESS family of infation modeling languages)

e Parts 2x - Implementation methods (data exchange mechshnism

e Parts 3x - Conformance testing methodology and framework

e Parts 4x - Integrated generic information models

e Parts 1xx - Integrated application resource models

e Parts 2xx - Application Protocols (specific models targdtegroduct data exchange)

e Parts 3xx - Abstract Test Suites (corresponding to the Appbn Protocol series)

e Parts 4xx - Implementation Modules (corresponding to thpligption Protocol series)

e Parts 5xx - Application Integrated Constructs (corresjogntb the Application Protocol series)

e Parts 1xxx - Application Modules

STEP uses a modeling language for product data, EXPRESS 08084111, to specify the product
information to be represented. STEP also employs apmicgtiotocols (AP’s) to specify the representation
of product information for one or more applications. AP 283he application protocol for configuration
controlled 3D designs of mechanical parts and assembliesswithh AP 214 (Core data for automotive
mechanical design processes) it is supported by a numbefibfiv@ndors, including PTC [7] (Windchill),
for file import and export. A number of companies, includingeBig, Lockheed Martin, General Electric,
and Northrop Grumman, use STEP AP 203 as a production stafmigoroduct model data.

STEP focuses on product model data and CAD. It is more limitéd regard to CAE data. CAE
vendors like MSC (PATRAN) support AP 203 through the impdrpomduct model geometry. STEP AP
209 (Composite and Metallic Structural Analysis and Relddesign) addresses FEA data, but it is not
deployed in the CAE industry to the extent that AP 203 is dggiloin the CAD industry. It may be a
potential solution for commercial analysis codes (corgittgupon industry adoption), but there is still the
need to address archival of data from Sandia in-house asalydes.

While STEP is a well established standard there are newknddagies based on XML standards for
e-commerce and the Semantic Web [9]. The Semantic Web isl lmasentologies that formally define all
concepts within a given domain (in our case, the productdyfele domain). A fundamental component
of the Semantic Web is the Resource Description FramewoEK=}JR8]. The RDF is a standard for the
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conceptual description of information using subject-prat-object expressions to define relationships be-
tween objects. A network of these expressions form a didegtaph, similar to Class and Object diagrams

in object-oriented design. In this respect RDF can be vieagdn ontology language. In keeping with
Semantic Web standards RDF can be formatted as XML.

Some recent developments in STEP are leveraging XML and Sem&eb technologies. There is an
application protocol that addresses Product Life Cycleg®uPLCS), AP 239. This is relevant with regard
to long-term archival of product data. PLCS, as defined tno&P 239, is characterized by the creation
and management of an Assured set of Product and Supporimafion (APSI), over a period of time (life
cycle). AP 239 specifies an information model that can beomigied by an organization through the use
of Reference Data Libraries (RDL's). Similar to an RDF, anlR§pecifies the semantics necessary for
deployment in a PLCS system. Eurostep is developing a seebf@htology Language (OWL) ontologies

[6]. A prototype RDL Server has been developed by Eurost¢piiger contract to the UK Ministry of
Defense.

In addition to AP 239, AP 28 specifies XML representations XPRESS schemas and data, and in this
way provides STEP support for XML. One particular benefittos iis the capability for facile data trans-

formation using XSLT/XSL, a declarative, XML-based langador the transformation of XML documents
into other XML documents.
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Figure 1. Scenario for workbench integration with STEP.

3 Scenario for Workbench Integration with STEP Archival

A minimal scenario for Workbench integration of a STEP arahinodel is simply to use AP 209 as a way
of exchanging commercial CAE data into a neutral STEP fofordbng-term archival. This is illustrated in
Figure 1L This scenario is highly contingent upon commercial CAEmupfor AP 209 and, as mentioned
earlier, there is still a need to address archival of datan f8andia in-house analysis codes, as well as the
vast amount of additional engineering data that the Workbereds to managEigure 1emphasizes these
contingencies with dashed lines and cross marks.

Using AP 239 and AP 28 ontologies/RDL's would need to be dmed to describe the other data
sources. This is certainly not a plug-and-play solution wodld require substantial system development.
This approach is analogous to the Open Archival System taldeeased in the following section.
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Figure 2. General process flow of the OAIS model.

4 Elements of an Open Archival System (OAIS)

The Open Archival Information System (OAIS) is a standanekttgped under ISO 14721:2003. The OAIS is
an archive with affiliated constituents, including an oligation of people and systems [3]. The information
being archived in this model has a requirement for long teresgrvation. This requirement introduces
numerous challenges associated with evolving softwarentdogies (both proprietary and open source)
and file formats, evolving hardware and media technologied,a changing user base.

4.1 Participants, Components, and Information Packages

The OAIS reference model defines the three typepasficipants in an open archival system to be the
producers thearchiveg and theconsumersThe four types oEomponentsare,ingestion archival storage
data managemenandaccess

Information packagesinvolve a combination of the bit-stream file content datddddoject), the syntac-
tic and semantic information needed for data interpretatiepresentation information), and the information
needed to identify, verify, and certify the data, (prestovadescription information). The three types of
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information packages aibmissionarchive anddissemination Submission information corresponds to
information the producer wishes to archive. Archive infatimn corresponds to information the archive
stores. Dissemination information corresponds to infaiomaretrieved by the consumer from the archive.

In addition to the participants, components, and infororafiackages described, another key element
of the OAIS reference model isfde format registry This is the source of representation information for
all of the digital content. This representation informatiorovides an ontological description for all data
streams. This includes a formal description of the synta semantics for a file format. In terms of
Semantic Web technologies the file format registry can lyeithe RDF (as well as OWL) which acts as a
formal language (using subject-predicate-object expaskfor representing ontologies. This would allow
for automated reasoning about archived data.

There is one additional administrative component thatctliyesupports the file format registry. That is
the preservation planning componentThis component would contain facilities for accessing dhehive
and file format registry, and reasoning about data preservhased on the state of the archive and the data
ontologies represented in the file format registry. AfterADICAE file is submitted by a design engineer
or analyst the preservation planning component would be tabhccess the file format registry and, based
on the ontological description, convert the file to a longresustainable format using a suite of existing
translators at its disposal. It could also orchestrate ttbation of other files from the source file (2D models
and rendered images/movies from the 3D model or CAE reilts. These would be archived as deemed
appropriate. A process flow for the OAIS reference modelistitated inFigure 2
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Figure 3. Scenario for Workbench integration with the OAIS model.

5 Scenario for Workbench Integration with OAIS Model

A scenario for Workbench integration with an open long-tamnchival system, based on the OAIS model, is
illustrated inFigure 3 Of course this is contingent upon a lab-wide commitmentitthsa system, since the
design and implementation would be beyond the funding o¥Abekbench project.

In this scenario the ingestion, access, and preservatmiplg phases would be subsumed by the Work-
bench. Itis conceived that the bulk of these phases woulthbsparent to the users (producers/consumers)
and that their interaction with the Workbench would be largenchanged. During ingestion of any data
object (file/data stream) from a producer there would be #reation of a submission information pack-
age (SIP). This would include data objects directly sulsditby a producer as well as any data objects
derived from source data (i.e., analysis results, etc.)e $H would contain the bit-stream file content,
representation information, and preservation descnptitormation. During the ingestion phase the format
registry would be queried for validation and transformataf the SIP to an archive information package
(AIP). The AIP would be submitted to the the archive. Durihg tccess phase the format registry would
again be queried for validation and transformation of thE & a dissemination information package (DIP).
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The Workbench would provide facilities for the consumer doaive the data. The preservation planning
component would periodically query the archive and fornegfistry and reason about appropriate data

preservation. This would entail automatic conversion déda sustainable formats. Again, this would be
ideally transparent to the user.
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6 Conclusion

A number of technologies directed at facilitating the Idegn archival and retrieval of design and analysis
data have been discussed. These include open standaedstbaknologies like STEP and OAIS, as well
as Semantic Web technologies like XML, RDF, and OWL. The dgsaiot to design and implement a
long-term archival system, but rather, to anticipate pmdéfuture systems and consider how the DART
Workbench may integrate with them. A secondary goal is tovidesome reasoned input for eventual
lab-wide implementation of a particular approach, thusratg the design of such a system to some degree.

Two scenarios have been detailed. The first is the most lihaitel involves the use of STEP standards.
STEP AP 203 and AP 214 address neutral long-term archivadts for CAD design data. In the case of the
Workbench, where CAE data is of particular relevance, AP12@9 be a potential solution for commercial
analysis codes. This is contingent upon widespread indastoption. Additionally, there is the need to
address archival of data from Sandia in-house analysisscoliee use of more recent developments in the
STEP community, including XML and Semantic Web technolsgis well as Product Life Cycle Support
(AP 28 and AP 239), offers the capability of transcendingdimgent limitations of STEP. Additionally, the
OAIS reference model offers an integrated approach to niagagng-term archival. The second scenario
builds on this model and lays out a high-level scheme fogiration of the OAIS model components with
the DART Workbench.
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A Summary of the LOTAR project

A.1 Introduction

LOTAR is an acronym for LOng Term Archival & Retrieval. It is@oject with the aerospace industry
involving four areas of engineering data archival:

Geometry topology and shape representation

Geometry dimensioning and tolerancing attributes

PLM and technical data

Validation rules, properties and data quality attributes

The driver in the aerospace industry is the FAA's 50 - 70 yetiiaval requirements. For Digital Data,
the challenge is that the data is often stored in a propyietative format and will most likely be un-
interpretable over time. Consequently, archiving datasmative form requires periodic migration to the
new release (version) and this method quite often leadsttldss and the repair can be costly. A typical
technological obsolescence cycle of a CAD generation iell, CATIA V4 V5) is 3 - 5 years.

The use of a neutral archiving format safeguards the int&apility of the data for a much longer period
of time, perhaps its entire retention period. Neutral formeke it easier to migrate the data based on the
way that the Application Protocols (AP’s) are structured.atldition, their life expectancy (obsolescence
cycle) is significantly longer in duration.

To meet these requirements the participants have adopteemn source neutral 3D model format
in STEP. Many CAD vendors support the STEP AP 214 format tiyrear through external translators
(http://www.cadverter.com/). PTC supports AP 214 Produfeicycle Management (PLM) services (Wind-
chill).

A.1.1 Life Cycle Information Planning

e What information should we archive?

What is the configuration of the information?

What is the information context?

What is the format of the information and what form does itchexebe stored in?

How long do we need to keep the data?

How frequently do we need to access the data?
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A.1.2 Life Cycle Phases

e Ingest
e Preservation planning

e Access

A.1.3 LOTAR Approach

Develop an architecture that supports:

e Data architecture containing:

— Semantic representation
— Open and Neutral forms (STEP)
— Data Quality and Validation

e Process architecture:

— Based on Open Archive Information System (OAIS - ISO 14721)
— 1SO 10303 (STEP)

A.1.4 Participants
e Boeing
e Airbus
e General Dynamics
e Rockwell Collins
e Dassault
e PTC
e NIST
e DoD
e DOE (Sandia)

o NASA

and others.
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A.1.5 NAS9300-xxx Standards

e 9300-010 Common Process
e 9300-011 Data Preparation
e 9300-012 Ingest

e 9300-013 Archival Storage

e 9300-014 Retrieval

e 9300-015 Removal

e 9300-016 Test Suites

e 9300-017 Audits

A.2 LOTAR and OAIS

This summary has been gleaned from LOTAR documents:

The Open Archive Information System (OAIS) model definesgitteesses and actors which ingest the
data into an archive, and which provide services to conssiofghe data, including both query and retrieval.
The most subtle area, and possibly the least understootig isdnstruction of the web of information
needed to correctly read the data once it has been retridved OTAR standard uses the OAIS reference
model as a basic framework, providing specific guidance egigpized types of data; initially Mechanical
CAD/CAM/CAI and non-geometric meta data. The problem hereat to be sure that the data comes in
and out correctly, but that it is being correctly interptetey the new generation of software. That is, if
information is data in context, and the context is the appibi;m which interprets the data, then LOTAR
looks at information retention. In short, how do we know tteg design we look at in twenty years time
is the same as the design we look at in our current system? BROWakes the assumption that we know
what we need to archive. Lifecycle Information Planningsasie question, “how do we retain our product
knowledge (i.e. Design Intent) throughout the life of thedurct?” This is wider than the OAIS question,
“what do we need to be able to understand this particularggeelof data?”, rather asks “what data about
a product should we keep?” Although the answer starts withools elements such as the design and the
configuration, it soon gets into areas such as the presemvatidesign rationale, the processes by which the
product was designed, and the organizational structued®tiable those processes to operate.
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