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Abstract optimal usage of all worldwide available product

The objective of the work presented in this paper is todevelopment resources.

provide a methodology and tools for distributed PDM  The latest developments of information and
environments especially suited for virtual project based communication technologies establish a platform for
cooperation in engineering design. A research project Worldwide cooperation and  collaboration  within
called WebFlex-PDM (Web-enabled Flexible PDM e€ngineering since the problem of geographical and time
federation) is introduced. This project mainly deals with related distance nearly disappears. This platform offers
extensions to existing PDM systems to provide theN€w opportunities especially for small and medium sized
capability for easy integration into different PDM enterprises (SME), freelance engineers, and teleworkers to
environments of cooperation partners and to enable usebuild a project based alliance or a so called virtual
of various geographically dispersedWWW-based cooperation [3] and thereby maintain competitiveness
engineering information resources. In order to analyze Within the global market.

the requirements for a flexible management of distributed  Distributed product development processes within
engineering information resources the paper first Virtual cooperation on the other hand require extensive
describes an application case study. The requirements aréise of advanced information technology (IT). Especially
compared to the state of the art of distributed PDM important are process support, management of product
solutions and the existing deficits are shown. Finally the data, and management of additional engineering
main ideasi the architecture, and prototype modules Ofinformation among involved pal’tnerS. For these tasks

the WebFlex-PDM approach are presented. PDM systems have been successfully introduced in
engineering design departments over the last years. They
are capable to manage data generated by a variety of
1. Introduction applications (CAD, CAE, DTP, office, etc.) in a
pragmatic way using the so called metadata concept.
Metadata contains classifying, descriptive, or attributive
object information. This information is used to handle and
manage associated user data and stored within the PDM
geographically dispersed sites and to extensively.SyStem'S datat_aase. User data, e._g._CAD files or office filgs,
is stored on file system level within so called electronic

cooperate with customers or suppliers [1]. Such i . .
cooperation has generally been in the production area,datal vaults or as binary large object (BLOB) in the

with the main goal to cover and serve global markets anddatabase without having direct access to internal contents
reduce overall product costs. In the last few years(bIaCk box mtegra'gon). .

cooperation within product development, design and PDM systems in generql cover the fql!owmg groups of

engineering has become increasingly important since@Pplication specific functions in addition to general

products have become more complex and ’requirefunctional capabilities like user management, access

distributed, cross-functional, and cooperative productmanagement, and data visualization [4.]:

development. Prognoses of the automotive industry [2]° Document managementof electronic as well as of
forecast a reduction to about 10 worldwide operating conventional documents includes user access control,
global combines of automotive manufacturers which check-in/check-out functionality, status- and revision

forces distributed product development processes and Mmanagement, management of different file types,
scanning, archiving etc.

Increasing product complexity, growing competition,
emerging globalization, and stronger customer focus force
the majority of enterprises to network their own
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» Product structure and configuration management provides query and retrieval functions etc.
enables_ product structure definition and cont_rol, BQM « Workflow and process managementcovers the
generauon_, management of product configurations definition and control of workflows and information
along the life cycle, etc. flows (e.g. engineering change procedures, release
» Part family management and part classification procedures), data transportation, etc.
contains classification of parts and part families and

Engineering Applications

Metadata

Part.: 12546

Order: 5682

Responsible: Gerhard

Partname: Shaft

Date: 13.6.96

Version: 3.11
[

Electronic Data Vault

Figure 1. Metadata concept of PDM systems

The development of PDM technology today is Furthermore emerging Internet-based information
increasingly driven by globalization issues and the resources [5], e.g. electronic product catalogues, standard
majority of commercially available systems provides parts libraries, patent information databases, which
functions for distributed data management. Neverthelessprovide value aided services to efficiently support product
available  distributed PDM-solutions  supporting development tasks, especially within virtual cooperation,
cooperative product development processes requireare not considered adequately. Due to these boundary
homogeneous IT environments based on one single PDMconditions there is a need for further development or
system using one logical data model and uniform technicalenhancement of PDM-systems.
and administrative processes. They also require a
significant implementation and customization effort, lack 2. Application Case Study
flexibility, and, in general, they are based on one single
homogeneous PDM-system. For this reason, they are not . . :
suitable for a virtual cooperation because those are usually To express the requirements of virtual cooperation

temporary limited, dynamic, and the involved partners concerning overall distributed information management,

have different organizational ~structures and _ in the following an application case study of technical

environments. Hence, available systems are not suitapl@0duct documentation (TPD) processes as part of

and applicable for virtual cooperations because those ar@ngineering design tasks is discussed. The findings of this

usually temporary limited, dynamic, and partners have case study are on the one hand results of a project with an

different organizational structures and IT-environments, I"dustrial partner, a special machine-tool manufacturer,
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and on the other hand based on a survey conducted withimandatory for each delivered product even if the customer
the VDMA (Verband Deutscher Maschinen- und is internally within the same company. Therefore TPD
Anlagenbau/ German machinery and plant manufacturersoften requires simultaneous engineering parallel to core
association) working group "technical product processes of mechanical design, electric/electronic
documentation”. The goal was to find out the engineering design and manufacturing/assembly. Due to
requirements for data or information management within new regulations and laws within the context of the
engineering processes in a heterogeneous cooperativEuropean Community and particularly because providing
environment as a basis for the development of a concepbnline information of goods and services on a company's
to improve information management issues within TPD WWW-homepage opens new opportunities for electronic
departments. commerce, TPD becomes increasingly important as an

TPD entails processes like generating or editing userintegral part of the product development process. TPD
manuals, maintenance and service handbooks, produgprocesses are often conducted as virtual cooperation.
information sheets, etc.. TPD is not one of the coreMain characteristics are very interdisciplinary tasks and
processes within product development but nonethelesghe extensive need for department-spanning sharing of
even as an ancillary process it can be the critical pathinformation in different semantic contexts (figure 2).

concerning time-to-customer, since manuals etc. are
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Figure 2. Information flows within TPD processes

Additionally to the information located or originated at
different cooperation partners, a lot of information from
third party engineering information resources, increasingly
provided througWWW, has to be handled and managed,
for instance standards, guidelines, patents, laws, literatures
etc.. This information has to be linked to product and
process related information in order to have a
comprehensive documentation.

Major observations of the application case study or
survey are as follows:

* Aot of different partners and departments are involved »
in TPD processes, e.g. core mechanical and
electric/electronic engineering design departments,

translators (internal/external), photograph or graphics
agencies, marketing (corporate design), sales, online-
publishing (multimedia-documentations, online product
presentation).

Technical documentation/publishing departments are in
most cases separated from the design departments and
use different IT-infrastructures and applications.
Therefore the data vaults are usually separated from
each other though the represented information is quite
similar and contains a lot of interrelationships.
Collection and editing of different kinds of information

is the main task and requires about 60-70% of the
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overall work. Additionally information of supplier Virtual cooperation relies on the use of available IT

components has to be added. infrastructure such as data networks. The Internet and the
« About 60-70% of the needed information for TPD is underlying technology plays a dominant role in this area.

already available in different departments or from Always connected to the use of Internet as network
suppliers, cooperation partners etc. but in a differentinfrastructure for business matters are issues like sufficient

semantic context. bandwidth and adequate security. Since this is a
+ Most of the information is not available explicitly e.g. prerequisite for all applications in the context of electronic

in form of models (CAD, database, etc.) but implicitly business, it is not mentioned here explicitly. Currently,

in different kinds of documents, electronic as well as there is a lot of research and development work ongoing

paper. Therefore human interpretation and extraction isin the area of virtual private network (VPN) technology.

necessary to take into account the different views Since this is a promising solution for the mentioned

according to the tasks of the involved partners. problems, the resulting requirement is that distributed
+ The documents can be published in paper form and inPDM solutions have to support VPN protocols.

electronic form, offline on CD-ROM as well as online

on the company's WWW-homepage, engineering 4. Distributed PDM Solutions

marketplaces such as GEN, etc.. This leads to

considerable requirements concerning data

management.

Even though this case study does not include all
aspects of worldwide virtual cooperation in engineering
design it eminently mirrors main characteristics
concerning requirements to PDM solutions and therefore
one can transfer demands to other processes.

Commercially available PDM systems to a great extend
provide functions for distribution. There is always one
single system environment with a hierarchical structure of
sub-servers connected to one superordinated backbone
server ensuring transactions. Furthermore, commercially
available systems employ a classical 3 tier client/server
architecture separating presentation level from application
) or business logic level and data level. Within distributed
3. Requirements PDM solutions, distribution of metadata and user data has

to be distinguished. Distribution of user data stored on file

General requirements of data management areSystem level is commonly implemented using network file
accessibility, integrity, security, efficiency of storage and system capabilities whereas distribution of metadata
flexibility. The analysis of the application case study leads requires more advanced solutions and often employs
to the development of specific requirements for capabilities for replication or fragmentation of data
distributed PDM solutions for virtual cooperation of provided by the underlying database management system
engineering design departments. Those are: (DBMS). All commercially available distributed PDM
« Department/enterprise-spanning  transparency ~ ofsolutions have in common that a homogeneous

data/information, i.e. transparent access to the produc€nvironment based on one single PDM system with one

data of cooperation partners and other distributedsingle internal data model is required. Figure 3 shows a
engineering information repositories. classification of different approaches for distributed PDM

« Applicability within a virtual cooperation, i.e. due to environments regarding the distribution of metadata and
the dynamic temporary and project-based character ofuser data. They all follow a hierarchical system
virtual cooperation a fast constitution and dissolution architecture, |.e._there is a main server with subordinated
has to be supported. workgroup or site servers and clients but the overall

. Decentralized, adaptable PDM system architecture,co0rdination and transaction maintenance is centralized.

since all partners are obliged to maintain their data and S€veral approaches to distribute metadata and bulk

process management solutions and therefore rely orflat@ are conceivable but only a few are reasonable
flexible, IT supported linking and interchange because of database or network limitations. The most

concepts. frequent solution within actual industrial applications is

. Focus on department or site individual demands the distribution of user data with a central metadata
because of very interdisciplinary tasks which need storage. .In this case, the user data can be .both rep!icated,
specific support and system capabilities. e physm_ally duplicated, and fragmented, i.e. physically

* Administration friendly and easy to maintain client divided. Since metadata Comp?‘fed t_o user data by fa.r has
application to be distributed to different cooperation a smaller vqume,_ such a gonﬂgyrgﬂon offers a sufﬂme_nt
partners. perfor_mance, p.artlcularly W|th.a limited number qf sites in

. Support and assistance for the user concerninga static enter_prlse structure Wlth. afast.network link. Some
gathering and handling data, query and navigation systems additionally allow the dlstrlbutlon of the metadata
within a distributed PDM environment. on different database-servers, which leads to a further
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reduction in response times and in network load, but alsothis scenario is evidently not applicable because the
to increased system complexity. involved partners might differ on project basis. The

The main problem with distributed PDM solutions is information handled within the different departments
the diversity of data models within the different sites represents very diverse views and is originated not only in
corresponding to the specific data and processes. FoOPDM systems of cooperation partners but also in different
virtual cooperation, as described in the case study, thisWwWW-based engineering information sources. Especially
PDM distribution concept does not meet the requirementswithin temporary limited cooperation the expenditures to
concerning flexibility and implementation efforts. This is establish an integrated distributed PDM environment
particularly the case if partners are SME, since SME inwould likely outweigh its potential benefits. Additionally
general do not have the capacity for extended PDMthe required time for setting up the environment would
projects. A single homogeneous PDM environment in a push a project start too far behind.

PDM Distribution
oOne System User Data
*One Data Model

« Hierarchical System central distributed
glciilicEitic replicated fragmented
— —

— —
central —
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Figure 3. Classification of different approaches for distributed PDM
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One way to face this problem is data exchange or data Another approach for distributed PDM solutions is the
sharing between different PDM system environments. But,so called federation of PDM systems. The federated
in contrast to other applications, there is no standardizedconcept bridges the gap between high degree of
or even proprietary unique PDM data format available, integration, which requires considerable implementation
since each PDM implementation is a company or site efforts, and manual information exchange, which does not
specific solution with a customized data model. provide the required support of effective engineering
Nevertheless, different international standards have beerprocesses. Federated integration implies a bottom-up
developed in the recent years which provide sort of aapproach starting with existing solutions in different
homogenization in this area, e.g. ISO 10303-214 CCe6departments or sites. In many cases, the individual sites of
(STEP - Standard for the Exchange of Product Modela federation are autonomous and not interacting with other
Data, Application Protocol 214 Conformance Class 6), sites, but in case of a cooperation each of the subsystems
ISO10007 (Configuration Management), ISO 13584 provides a discrete portion of a cooperative solution as a
(Parts Library), or PDM-Enablers Specification of the whole. In analogy to a federation in a political context the
OMG (Object Management Group). The exchange of datasubsystems adopt to certain agreements in order to
between PDM systems occurs in form of so called dataachieve common benefits. Each of the systems within a
packages. A data package contains the metadata as well &sderation remains independent from the others which is a
the associated user data and transport informationsignificant advantage in case of network or server
Experiences and evaluations show that employment of thegroblems.

STEP standard is primarily suitable for long term A similar concept has proven applicability within the
cooperation within customer supply chains for instance evolution and development of the WWW. There is no
whereas the OMG PDM enablers specification is a integrated system, no overall unified semantic of data or
preferable approach for intra company integration information, very heterogeneous concepts concerning the
different PDM applications. way information is stored and presented. Nevertheless, the
WWW is very successful because it is easy to understand,
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to use, and to implement. It provides user assistanceapplications e.g. on data model level [8], WebFlex-PDM
through search engines, naotification services, cataloguesis an approach for an integration on user interface level.
etc. and a basic level of standardization using standards as A further objective has been the conception of a
TCP/IP or HTML. Currently, very view PDM systems methodology to employ PDM systems within virtual
offer capabilities to implement a federated PDM solution cooperation of engineering design. The federated concept
and the functions have not yet matured. Employment ofhas been chosen because it fits to the requirements as
this technology within industrial applications is, if ever, stated above. One centralized superordinated backbone
only in pilot stage. One major problem which still exists, service for transaction monitoring, redundancy and
even in a federated system, is the difference within theconsistency checking cannot be established since all
semantic of information in different contexts. Therefore subsystems have to remain autonomous and independent.

further development is necessary. Nevertheless, maintaining actuality and consistency data
is a crucial task and has to be ensured for instance
5. WebFlex-PDM Approach utilizing workflow mechanisms.

The main idea behind WebFlex-PDM is to optimally
upport the user by enabling an effective cooperative use
f distributed and heterogeneous data resources, not the

total automation of cooperative processes and data

management issues. This approach entails several
plications on the technology and on the methodology of
orking in such an environment or using it within
rojects.

Considering the requirements from the case study an
experiences from examined and evaluated PDM
applications [6], subsequently potential solutions are
discussed. Due to the pragmatic approach PDM system
are basically a suitable approach for integration data an
process management within heterogeneous distribute
product development environments. PDM systems serve
as an integration platform for different kinds of
applications, they do not integrate all information on a
semantic level respectively map all views in one single

data model but they provide an effective mechanism to  Figure 4 schematically shows the architecture of
manage different kinds of models, documents etc. usingVePFlex-PDM. The standard PDM system consists of a

meta-information. PDM engine which provides the basic PDM functions, the
The main task of engineers within the product underlying databa_se containing metadata and user data.
development process concerning information handling isBasic PDM functions are e.g. document management,
to gather, edit, and prepare different kinds of information Workflow management, or product structure management.
for own purposes within the context of the department or A Puilt-in HTTP server allows WWW based client access
company and make this information available to those!0 theé PDM system. PDM services are for instance

who need it. Therefore, management of data explicitly hasVisualization modules, data import functions etc..
become a job of an engineer and has to be supported As add-on to the standard PDM system there are the so

efficiently by tools such as PDM systems. This is called WebFlex-PDM modules which are several software
especially a difficult task in a cooperative PDM modules for federation services and the assistant system.
environment. Federation services are for instance functions for

In the following, an approach called WebFlex-PDM admip.istrgtion and configuration of_ the federation e.g.
(Web enabled Flexible PDM-federation), which is specification of the systems belonging to the .federgtlon,
currently subject of research activities at ITM-Bochum, is US€r and access profiles etc.. The user profile oriented
presented and explained. This research work particularly2SSistant system provides functions for —navigation,
focuses on flexible integration of different PDM ut|I|;|ng a federated engineering [nformatlon _system
environments and use of different kinds of WWW-based €nvironment, as well as for gathering, managing, and
engineering  information  repositories.  Therefore, S€mantic mapping of information. These functions are for
especially the demands of cooperative engineering desigﬁnstancg a data exchange assistant, a change natification
processes in virtual enterprises, as shown in the cas&n€chanism to enable a controlled data redundancy and an
study, are addressed. aL.Jto.mat.ed_monltorlng of the consistency of d_ata.objects

The goal of the WebFlex-PDM project has not been within d.IStI’I.buted systems. Furthermore, a navigation and
the development of one more PDM system but thea_uthgnn;anon support, a federated query assistant for
development of add-on modules to commercially distribution of queries from_the local system to remote
available PDM systems providing functions for flexible SYStéms etc. A so called assistant system repository (ASR)
and easy to implement integration for virtual cooperation pers_lstently stores rgquwed information for the federation
in a federated manner. In contrast to other existingServices and the assistant system.
integration  concepts for distributed engineering

5.1 Technological Implications
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As prerequisite, the commercial PDM system has toan extensive independence from hardware and operating
provide certain capabilities to implement the WebFlex- systems is achieved.

PDM modules. No standardized API or unified data  Within this research project, different application
model is necessary, but for instance a built-in HTTP- scenarios to be supported in a federated PDM
server to provide a standardized way to access the systengnvironment together with other engineering information
the ability that objects can be uniquely identified and resources have been developed and analyzed. The test
accessed by a URL, and the ability to modify the dataenvironment consists of different PDM applications a
model to implement the ASR. Concerning Web-based Standard Parts Library (Intranet) and several
implementation this approach requires the consequenWWW information resources. For the prototype
usage of Internet technology, i.e. TCP/IP, HTTP, Java,implementation of WebFlex-PDM add-on modules the
HTML which serves as a basic level of standardization. Java based standard PDM system PTC Windchill has been
Most of the available IT-systems within engineering used because the Web-centric concept of Windchill
environments offer interfaces to Internet technology. On currently fits best to this approach. Windchill provides all
this basis the adaptation of legacy systems and thdunctions needed to implement the add-on functions and
implementation of additonal services can be has a built-in interface to standard CASE tools like

accomplished with comparatively less effort. As a result, Rational Rose and Symantec Visual Cafe object modeling
and programming.

HTTP-Server PDM-Services| see - Federation Service
« Administration

e ¢ » Configuration
PDM-Engine - Assistant System
- Watch & Notify
N~ + User Profiles
Metadata - Navigation Aid
User dat C
» Query distribution
Standard PDM

Figure 4. WebFlex-PDM Architecture

5.2. Methodical Implications Queries and other user actions within a local PDM-
system are dispersed to other systems of the cooperation
The way to employ WebFlex-PDM in a distributed ©OF engineering marketplaces by the federation service of
engineering environment corresponds to the way to usethe local PDM system according to security mechanisms
the WWW. The PDM environment of each partner in a and a predefined setup. Information from remote systems
co-operation remains autonomously according to thecan be linked to local information as a reference or stored
federated principle. A distinction has to be made betweenlocally ina different context which means data
a home system and a remote system (figure 5). A homdedundancy to a certain extend but also independence
system represents the context of a certain domain, i.e. théfom other systems. Interpretation and semantic mapping
view of one site or department. It also provides userhas to be done by the user supported by the system,
profile oriented assistant functions e.g. for navigation andtherefore semi-automated. Data consistency is not
query. Users mainly work in their home PDM maintained automatically but the assistant system supports
environment but they can also access information onthe user by a notification service. A data exchange
remote systems at distributed locations as a specified usegssistant helps to transfer information from the remote
with certain rights. This access is on user interface levelsystem to the local system, e.g. editing metadata.
unified and therefore transparent. Mainly a so called pull principle is employed and
supported by assistant functions. A demander of
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information is responsible for managing this information in the same manner. One application example might be
within the home system in the context of the domain. that an engineer is going to redesign a specific assembly
Actions in a local system like update of information which contains standard parts from an WWW based
should be triggered indirectly by organizational means orengineering marketplace. The assistant subsystem
workflow mechanisms not directly by a remote system via monitors referenced objects by an agent and notifies the
push technology. If, for instance, a notification service is user if changes occur. The user has to decide whether to
provided by the home system, the solution is independenupdate that part with the new version, to use another
from the functions and capabilities of remote systems.similar part if changes in form, fit, function, etc. are made,
Another advantage of this method is that remote PDM or to maintain the old version if that part is still available
systems and other information repositories can be handledn stock.

| HTTP-ServerI |PDM-Services| Xy

-E-__-__'l_:..*.:.'.'i_? .:-'__'."':‘.-E ; ;

: @ - >
e v +
Frontend Frontend > < Local PDM-Engine WebFlex Modules
Remote Local N [ PEMS I I | I
SyStem SyStem c Assistant

Metadata
ERET
-’ * L A

L f (_ " Userda
k \ PR o Standard PDM Add-on

Remote
Systems \ |
~PDMS -J{‘é‘?rrt':i ~PDMS Engineering . oo
é\lﬂl plier A [\ti'b}ir' o gupﬁlier B ~Market
vy

<+— Web-based Client Access <«---¥ Assistant System Background Services, e.g. Change Notification

Figure 5. WebFlex-PDM application environment

5.3. Example Prototype Module manufacturer needs information of a supplier module, one
can connect to the supplier PDM system, extract the

In this section, one of the developed WebFlex-PDM fequired data, store it temporarily on client side, and
add-on modules is presented as an example. One majofpPort it in the home PDM system. This process is
required function within a distributed environment is a Supported by the data exchange assistant and allows the
data exchange capability between different PDM systems management of metadata, user data and relationships in a
since the different systems of a federation are not tightlySite specific semantic context. A user once has to define a
integrated. Concerning data exchange, one challengingn@pping rule between objects and attributes, represented

problem is the difference within internal data models and Py different XML document type definitions (DTDs). This
semantics. information is stored persistently in the ASR and thereby

To support this data exchange issue, one of theavailable for further data exchange procedures. User data
WebFlex-PDM modules is the data exchange assistan€an either be stored within the home system as a copy or
(figure 6). This is a module which allows an XML based as & reference to another engineering information resource
data exchange of arbitrary product model data, such a$!Sing a uniform resource identifier (URI).
product structures, part information and documents. For
example, if a product development engineer of a car
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Figure 6. Data Exchange Assistant

6. Conclusion the available services (e-mail, search-engines, etc.) as

system foundation.

d The presented approach is not a replacement for other

properly with this approach. WebFlex-PDM provides approaches su_pporting distriputed PDM S°'“.“°T‘S’ .bUt
gocussed on virtual cooperation. Available distribution

enterprise-spanning transparency of heterogeneout hnol ithi 2l PDM . id
information, a decentralized and adaptable PDM system'ccN00gy within commercia Systems provides a

architecture, as well as support and assistance for the usquoser integration for distributed sites of one enterprise, if

concerning gathering and handling data. The Web centric? homogeneous solution can be established. Use of

concept of Windchill as underlying PDM system ensures standardhs,fsuch aSbIS'ThEZ AP§14 CC8, can be a promiT,_ing
applicability within virtual cooperation thugh scalability approach for established and proven customer supplier

and flexibility and administration friendly and easy to chains within the auto_m0t|ve industry for !nstance. .
maintain clients. The next steps will be to finish a Problems concerning Internet bandwidth and security

prototype functions and perform a pilot implementation aspects have not been taken into acqount in detail, since
within an industrial environment for evaluation and WebFlex-PDM focuses on the underlying technology, not

T on the infrastructure issues. But with the rapid
verification. devel t of VPN technology these i il surel
The main benefit of the introduced approach is the beve ?pn:jen_ 0 I echno Qgﬁlw\(/avs\;\e/ ISSues wi slurey
increased flexibility within a loosely linked federated IT- P€ SO'Ved SInCe all commercia Services rely on

environment while each of the department-oriented PDM security and performance.

solutions remains independent from the others. They

remain "small and simple" and focused on the specific 8. References
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