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Abstract

Federated database technology provides a basis to build integrated engineering envi-
ronments. The specific requirements of this application domain influence the architecture
and implementation details of a federated database management system (FDBMS) built
to integrate engineering applications. This paper introduces an application scenario of an
engineering environment, which is used to illustrate the requirements to be satisfied by an
appropriate federated system. New functionality required at the integration level is speci-
fied.

The influence of the application domain on the following architectural aspects is dis-
cussed: schema architecture, data model, object materialisation and caching, integrity con-
trol and update propagation, version control, and the adoption of heterogeneous local sys-
tems.

1 Introduction

The collection of all database objects and document files describing an industrial product (e.g.,
CAD drawings, 3D models, finite element analysis, fluid dynamic simulations) and its engi-
neering and manufacturing process are considergutagiict data This data is produced by
many different heterogeneous engineering applications. Various versions of this product data
are created while the design team is looking for the optimal solution.

In order to eliminate errors resulting from tedious manual or file-based data transfers be-
tween engineering systems, to eliminate data inconsistency across different tools and to provide
a global view of all project-related data, a tight integration of the different engineering systems
is a necessityl-ederated database technologgn be applied to build such integrated engineer-
ing environments (e.g., [SC®7, SSD97)).

*Work reported in this paper is executed within the project IDEE (Integration of Data in Engineering Environ-
ments). The projectis part of the Swiss Priority Program for Information and Communication Structures (SPP ICS,
1996-1999) sponsored by the Swiss National Science Foundation under project number 5003-045354. Additional
information can be found dittp://www.ifi.unizh.ch/dbtg/IDEE



Many different proposals of architectures of federated database systems exist. This paper
will show the influence of the application domain of engineering applications on several design
decisions concerning the architecture of the federated system. Architectural aspects covered
include the schema architecture, the data model, object materialisation and caching, integrity
control and update propagation, version control, and the adoption of heterogeneous local sys-
tems (i.e., how they can be coupled to the federation according to their capabilities).

Considering the requirements and architectural implications, the conclusion is drawn that a
tightly coupled FDBMS using an object-oriented data model that supports version management
is best suited for the integration of engineering applications.

The conclusions presented in this paper lead to actual design decisions taken as part of
our ongoing IDEE (Integration of Data in Engineering Environments) project [SSD97]. The
project’s main goals are versioning of design data and system-wide consistency based on an
FDBMS architecture. These goals have been defined through the engineering-specific require-
ments collected in cooperation with our industrial partner, the electromechanical company ABB
(Asea Brown Boveri).

The remainder of this paper is structured as follows. Section 2 presents a small but typ-
ical application domain scenario. Thereby the integration requirements and the properties of
different engineering applications are introduced. Section 3 illustrates the influence of these
requirements on architectural design decisions of the federation. This includes remarks about
actual decisions taken in IDEE. Some related work is introduced in Sect. 4. Section 5 concludes
the paper.

2 FDBMS Application Scenario

The following scenario introduces concepts and terminology needed in the industrial application
of an integrated engineering environment. It reflects our experience in the gas and steam turbine
development departments of ABB (Asea Brown Boveri) in Baden, Switzerland.

2.1 Systems to Be Integrated

We introduce three typical, yet very different systems and present their integration-related prop-
erties. The three systems, which are shown in Fig. 1 with the flow of their product data between
them, are:

1. adesign calculation tool,
2. a CAD drawing and construction tool, and
3. a BOM (bill of material) tool.

At the beginning of a design process, different kinds of design calculation tools are often
used. These tools take some order-specific requirements or design goals as input (e.g., minimal
required efficiency, maximal allowed costs, steam temperatures and pressures). Given this input,
they calculate the basic layout and characteristics of the product to be built (number of turbine
blade rows, aerodynamic characteristics of steam flowing through the turbine, etc.).

Then, several CAXx tools are used for the design of the product until it is ready for produc-
tion. This often includes the use of a CAD tool to construct the product geometry. This tool
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Figure 1. Three typical systems to be integrated and the data flow between them

also generates many of the required manufacturing data (including tolerances, roughness, man-
ufacturing machine programs). The exact geometry can be used as input to the calculation tools
which (re)calculate the properties of the actual design.

Within the design process, a complete list of all different parts used to build a product is
compiled. This tree-structured list (“bill of material”, usually called BOM) contains hardware
parts as assemblies, screws and bearing oil, as well as non-physical parts like assembly instruc-
tions and special treatments at manufacturing time. Assembly configuration (e.g., the number
of screws) can be changed by the BOM tool as well as by the CAD tool. Both tools should
therefore be able to share each other’s changes.

2.1.1 System 1: Design Calculation Tool

Design calculation tools are simulating the behaviour and the environment of physical parts
of a product. These simulations are based upon aerodynamic and other physical formulas.
Therefore, such tools are typically written in a procedural language like FORTRAN or C. They
use several different input and output files to store their data. Various calculation sets are stored
in different directories, managed by the user of these tools.

System 1: Calculation Program

schema not explicit; “objects” defined as structures in procedural code and as for-
matted textual representation in the input and output files

data model not explicit; “objects” in procedural language and textual input and output
files

identifiers no local identifiers available; data items are referenced by the absolute path

to the file which contains them

integrity control  no local integrity control; the tool does not know the relation between in-
put files (requirements, control files) and output files (results, analysis, plot
files)



version control no local version control; version control not integral part of application,
but often file-based version control implemented using file-version control
systems like RCS or CVS

external data data is stored in files which can be used as shared files of the local tool and
access the integration layer

2.1.2 System 2: CAD Construction Tool

CAXx tools like CAD (computer aided design), CAM (computer aided manufacturing) and CAA
(computer aided analysis, like finite element stress analysis) are used at different steps in the
design process. Such tools are usually based on a proprietary internal representation of the
product geometry and the product assembly structure.

System 2: CAD Construction Tool

schema only a geometry-related schema exists; this does not reflect the specific
product at all, therefore no product schema exists; different products are
separated as different CAD models stored in different files

data model proprietary; in some newer products, STEP/EXPRESS [ISO94a, 1SO94b]
is used
identifiers some data item identifiers are available; items of different products have to

be separated by different filenames of the files containing the CAD models
integrity control  local integrity control exists, but rules are not externally available

version control partially supported version control of data items; since products are sepa-
rated in different files, file-based version control is also used

external data data is stored in files which can be used as shared files of the local tool and

access the integration layer; data is also available at the proprietary programming

interface (API) of the local system

2.1.3 System 3: Bill of Materials (BOM) Tool

Tools managing the bill of material and the product assembly structure are typical database-
centred applications. Most tools use an underlying relational DBMS to manage the list of
different product part items and their relations. The “catalog” of valid product configurations is
also part of the data managed by such a BOM tool. The report generation functionality of the
DBMS is heavily used to generate several lists of the product structure.

System 3: Bill of Materials (BOM) Tool

schema only a structure related schema exists; this does not reflect the specific prod-
uct, therefore no product schema exists; different products are separated as
different data sets identified by product specific key values

data model very often the relational data model is used

identifiers some local data item identifiers are available; items of different products
have to be separated by different key values



integrity control  local integrity rules are available
version control partially supported version control of data items

external data access via SQL queries and commands and via API
access

2.2 Functionality Required at the Integration Level

When engineering applications are integrated, new functionality is possible at the global inte-
gration level, including

e global view on integrated data (allowing new global applications like project management
tools),

e global version control and configuration management, and

e global integrity rules.

2.2.1 Global View on Integrated Data

Various engineering applications are used to perform tasks in different fields like aerodynamical
simulations, stress analysis, manufacturing simulations and manufacturing machine program-
ming, drawing preparations and overall plant planning. Each of the application developers and
expert users in those fields has only a limited view of the overall product data. To actively dis-
cover inconsistencies and contradictions, a centralised and homogenised global view of the in-
tegrated product data is needed. This standardisation and homogenisation process is sometimes
painful, but helps to reach a product- and customer-centred view instead of a organisationally
structured view of the data.

The combination of the global view of the integrated data, integrity management and global
versioning forms the basis on which global project management functionality can be built. This
includes tracking of the design state of the different project parts related to release dates. In the
case of additional, integrated workflow management support, the required release processes of
parts and assemblies can be defined and tracked.

2.2.2 Global Version Control

Various versions of product data are created while a design team is looking for the optimal
solution. The precise tracking of the history of product data enables engineers to discover cases
in which dependencies between data have been violated. This means that parts of the data are
based on preconditions (e.g., based on other product data) which were later changed without
adapting all depending data. It also allows to track which versions of product parts fit together
and form valid product configurations.

Therefore, beside the support of integrated data, integrated glebsibningis needed in
modern engineering environments which integrate different applications. This continues the
tradition of engineers who manually trace versions of their designs on drawings and calculation
documents.

In comparison to an “unversioned” federation, a federated database management system
(FDBMS) with version management would offer additional functionality on its federation layer.
This includes

e the propagation of new local versions to the federation layer,



¢ the propagation of new global versions to the affected local systems,

e the propagation of local update and delete operations to the global federation layer and
vice versa, and

e the update of version-specific global relationships.

When we examine the engineering applications introduced above, we discover that they
comprise different version history concepts. One can distinguish three classes of version histo-
ries, namely non-versionable objects, linear histories and more general directed acyclic graphs
(DAGS) [SS98].

e The most general form of a version history is a DAG. However, most versioning systems
do not support a general DAG, but rather a DAG with a single root or just a tree (i.e., a
DAG with a single root and without “merged” branches). Also, a more general version
history DAG can be mapped into a tree without unacceptable loss of information. Hence
at least a tree-like version history is required. We call objects with such a version history
fully versionableobjects.

e Linear version histories represent an object’'s development over time, i.e., only revisions
can be created. We hence call objects with a linear version histeisionableobjects.

e Fornon-versionablebjects, the “version history” is a single version object that is updated
“in place”. This kind of “version history” obviously does not provide any real version
management, but represents the situation in systems without version management.

An FDBMS should provide the integration of objects of any of these three classes of versionable
objects.

Engineering design systems also supporifiguration managemeusingrelationshipse-
tween objects, e.g., the “is-part-of” relationship between a product part and an assembly. Such
a relationship between versioned objects casth&g which means that it always points to the
same specific version, even if a new revision of the referenced version is created. Or it can be
dynamigi.e., it always points to a distinguishedrrentversion, e.g., always the latest version.

An FDBMS integrating engineering applications should provide the basis for configuration
management functionality (e.g., support of versioning and relationships between parts), thus
allowing to build a complex global configuration management system as a global application.

Such version control functionality at the integration level helps us to implement the follow-
ing tasks during the integration of our three scenario applications:

¢ global version control added to applications which did not yet include version control
(calculation program, BOM tool),

e tracking of the current version of the different parts of the product data, relieving the
engineers from doing this task manually,

¢ introducing new functionality to the engineers, such as the possibility to create new vari-
ants of product data without influence on the current version used by other engineers,
and

¢ basic configuration management functionality helping to integrate full configuration man-
agement provided by the BOM program.



2.2.3 Global Integrity Rules and Update Propagation

The new integrated view of product data provided by a federated system also has to allow the
representation of domain specific knowledge about data interdependencies. This knowledge
about data redundancies and relations will be collected during the design of the federation in
parallel to the schema design and will be maintained while the federation exists. The following
example illustrates the problem to be solved by using data dependency knowledge.

A stress calculation performed by a design calculation tool is obviously no longer valid as
soon as the geometric shapes which form the basis of the calculation have been changed (e.qg.,
by a related CAD tool). Without integration of the two systems, the designer of the basic shape
has to notify the engineer who calculates the mechanical integrity about design changes and
send him the new data. Likewise, the stress analysis engineer must notify the aerodynamic
designers of the results and proposed changes.

Global integrity rules define dependency relations between global data items which are rep-
resentations of data items of different local systems. In order resolve detected integrity rule
violations automatically, update propagation from one local system to a related one via the
integration layer can be used.

Figure 2 shows an example of redundant and dependent data in the local systems. It also
shows the rules needed to ensure data integrity.
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Figure 2: Update and integrity rules

Integrity rulesdefine domain specific integrity constraints. They consist of a sometimes
complex boolean function, checking the relationship of all affected data items. Whenever an
update takes place, all affected integrity rules have to be checked and an appropriate reaction
should be performed if the checking of one of the rules fails. In the worst case, this would
enforce the abortion of the complete update transaction. In other cases, an evasive action like
the creation of a new version can be possible.

Update rulegdefine the relationship of dependent data and the appropriate strategy to prop-
agate changes. Update rules are a subclass of integrity rules as they always ensure the de-
pendency between the related items. One of the simplest example of an update rule is the



equality-update rule, which defines that two related data items should always share the same
value. Whenever one of the values is changed, the second value should be updated to the same
value. If this second update fails, the primary update should also be rejected.

Complex update rules define the relationship between two or more data items. These rules
may also consider the actual operation or event triggering them, additional conditions and arbi-
trary actions needed to perform the update. Again, evasive actions could be defined to avoid the
abortion of the current update.

3 Influence of the Application Domain on the FDBMS Archi-
tecture

In this section, the influence of the application domain of integrating engineering design appli-
cations on several architectural aspects will be illustrated. To each topic the according approach
taken in the IDEE project will be introduced. The different architectural aspects to be covered
are

¢ the schema architecture,

¢ the data model,

e object materialisation and caching,

e integrity control and update propagation,
e version control, and

e adoption of heterogeneous local systems (wrappers, homogenisation, local version con-
trol).

3.1 Schema Architecture

The first step to be taken is to use or adapt one of the two well known reference schema archi-
tectures for FDBMS, the one for tightly coupled FDBMS proposed by Sheth and Larson [SL90]
or the other one for loose coupling [HM85]. Although the use of the latter one looks promising
to support flexible exchange and enhancement of the integrated applications, tight coupling is
preferred because of the following advantages:

e it supports a centralised global view an all integrated data,
¢ it enables the implementation of integrated versioning support at the global layer,
e it enables global updates, and

e it enables global consistency control and enforcement of global integrity constraints
(global constraints ensure the consistency of engineering designs across several local sys-
tems).

In the engineering design domain, we often have to deal with applications which are used
for experimental designs or applications which are even implemented by the design engineers
themselves. Their local schemas therefore change almost as often as their data. It is neither
manageable nor necessary to propagate each of these local schema changes to the component



schema of the federation (especially if there does not even exist an explicit local schema, e.g.,
in the case of a FORTRAN program). Therefore, we propose to use a component schema
which only represents, in terms of the global data model, the parts of the local schema the
component is willing to share in the federation. Thus, the component schema is a combination
of the originally proposed component and export schemas of [SL90]. The resulting four level
architecture (see Fig. 3) is used in IDEE [SSD97].

external external
o o o
schema schema
federated schema auxiliary
schema

component component . e component
schema schema schema

——— =l — =

local local local

Figure 3: Four level schema architecture for IDEE [SSD97]

We introduce a single federated schema to logically centralise the integrated data. The
auxiliary schema@&omprises the global constraints, data not available in any of the local systems,
and federation management information.

3.2 Data Model

One also has to choose a data model to express the different component schemata as well as
the federated schema and the external schemata. The local systems to be integrated provide
heterogeneous local data models (e.g., the relational model or even no explicit model like system
1 in the example scenario). The global data model therefore has to be able to provide rich
expressiveness (the degree to which an external concept can be directly represented) in order to
represent all concepts found in the local data mod@lgect-oriented data modesse regarded
to be most suitable, though not perfect, for this task [SCG9I1].

In the practical implementation,standardised data moded preferred, although standards
do not include the latest research results and generally represent only the least common de-
nominator of a standardisation panel. However, standards increase portability of both data and
applications, because they are supported by many different vendors. It is therefore reasonable
for the industry to enforce standardisation.

For these reasons, the IDEE project follows standards, too. Since our project applies feder-
ated database technology to engineering data and applications, both, database and engineering



standards have been considered. The choice was reduced to the most prominent representatives
of either side: ODMG 2.0 [Cat95, CB97], the database standard of the Object Data Manage-
ment Group, and the ISO STandard for the Exchange of Product data, STEP [ISO94a]. For
IDEE, the advantages of ODMG 2.0 vs. STEP turned out to be overwhelming.

Advantages of ODMG 2.0 over STEP exist especially on the modelling side. STEP can
only represent static structures, and therefore providessbnlgtural expressivenefSCG91].

ODMG 2.0 additionally allows for the definition of methods and therefore behaviour - it is
behaviourally object-orienteDit86] and hasbehavioral expressivenefSCG91] (which, of
course, is advantageous for integration). ODMG 2.0 has been equipped with enough function-
ality to meet the needs of database application developers.

Nevertheless, ODMG 2.0 as the global data model does not help to solve all integration
problems [CEH97]. In fact, ODMG 2.0 needs to be extended in order to support federation
specific requirements like the definition of different schemas [Rad98]rthermore, version
management extensions must be provided. Other problems with the ODMG 2.0 include its
query language OQL which may be suited for database experts, but rather not for engineers.
Additionally, ODMG 2.0-compliant database management systems do not yet exist.

The strengths of STEP can be found in the specification of constraints and especially in the
availability of standardised schemas (called “application protocols”) for many different applica-
tion domains, e.qg., technical CAD drawings [ISO94a, Part 201, explicit draughting]. If all local
systems in a federation used (parts of) a standardised STEP schema as their component schema,
the same schema could be used as the federated schema. Thus, neither schema nor semantic
heterogeneity needed to be resolved during schema integration [BLN86]. But our area of gas or
steam turbine development is not yet covered by a STEP protocol, so we would depend on our
own non-standardised schema.

STEP as the global data model would obviously simplify the FDBMS architecture, because
a single coupling module would be sufficient for all local systems. However, applications with a
STEP interface are still rare in industry. Individual implementations of the remaining interfaces
(which are “at least theoretically possible” [Dig92]) would be required. But with ODMG 2.0
as the global data model, a similar simplification is possible, too. Local systems with a STEP
interface can be integrated through a single coupling module which translates STEP schemas
into their ODMG 2.0 equivalents [1i96}.

3.3 Object Materialisation and Caching on Global Layer

The example scenario illustrates that typically most of the applications to be integrated into
an engineering design systems are not database systems. They often consist of a specialised
application which is started and then loads a project specific data set (e.g., a CAD model).
Without caching, any read access to a local object of such a local system would eventually result
in restarting the local application and reloading the according data set. This may be partially
avoided, if read access requests to local objects are directly served by the integration layer. This
layer should therefore support an object cache. Such a cache would also improve performance
if the different local applications are executed on different systems, connected to the integration
layer using (slow) network connections. This is often the case in industrial application domains.
Caching can be realized as part of the coupling module of each local application. Cached
objects will therefore be described in the local data model of the application. This solution

1[Rad96] and [lLih96] were written with the old standard ODMG-93 in mind. However, federation-specific
issues have not been addressed in ODMG 2.0 either.



results in several independent and application-specific caches. Such caches have the advantage
of optimal integration with the local data storage. However, they violate local autonomy.

Objects can also be cached on the applications’ component schema (solution A) or inte-
grated schema (solution B) level, both times modelled in the global data model. Similar caches
result if objects are buffered at either of these two levels. Both solutions only need a single
cache as part of the integration level if the coupling module is running on the same machine as
the integration layer.

The advantage of solution B is the minimal access time required, solution A is only slightly
slower if the coupling modules are running as part of the integration layer as proposed above.
The advantage of solution A is the fact that complete objects are usually loaded from local
systems and, if necessary, whole objects are invalidated in the cache. This is not the case
for solution B, since both, a component level object can be split up onto several integration
layer objects and an integration layer object may consist of several parts of different component
level objects. Furthermore, solution A makes it much more difficult to apply different caching
strategies to objects which originate from different local systems. With solution B, on the other
hand, the database integrator can, for example, enforce a write-through strategy for one local
system and defer local write operations until the end of a global transaction for another system,
if this is more appropriate.

We call an objectaterialisedat a specific schema level if its object state (i.e., its set of
attributes) is physically allocated at this level. Otherwise only access methods to get the object
state from a lower level exist. To support caching at a specific level, the objects also have to be
materialised at this level.

Caching is important in the engineering application integration domain, because the dif-
ferent local components are not optimised towards fast external data access. In the example
scenario, for instance, access to complex structured files of calculation programs or to the inter-
nal databases of CAD systems may introduce long latency times.

The IDEE approach exploits the advantages of caching and materialisation at the component
schema (solution B) shown above. Every domain object is identified by a related OID (object
identity). These OIDs are also implemented as objects in IDEE (as shown in Fig. 4). As long as
an object is only referenced by other materialised objects, but its attribute values have not yet
been accessed, it is only represented by its OID object. The object itself is not yet materialised,
which saves memory in the coupling modules and prevents the materialisation of any indirectly
referenced object.

Access to an object’s attributes is only possible using access methodgyét.é\() and
set_A(newValue) to access an attribut®). This simplifies the implementation of the access to
attributes at the integration level, since objects are only materialised at the component level. At
the integration layer, no objects are materialised, but they exist only “virtually”. The writing of
a new attribute value to the local system only takes place if a new value, different from the one
in the cache, has to be written.

It depends on the component system whether all or some of the cached objects have to be
invalidated if changes are written to the local system or local operations take place in the local
system, eventually changing other objects there. Due to this fact, we also classify methods into
destruction-free methodshich do not change local objects amite methodsvhich update
one or several objects of the local system.
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Figure 4. OIDs and object materialisation in IDEE

3.4 Integrity Control and Management, Update Propagation

In Sect. 2.2.3, we introduced the requirements on integrity control and update propagation. Lo-
cal rules have to be integrated into global rules and additional global integrity rules are defined
and have to be enforced. Typical examples of such rules are

e proportion rules (e.g., the diameter of a screw should always be smaller than the corre-
sponding hole, but the clearance should not be more than 10 percent of the diameter),

e aggregation rules (e.g., the sum of all costs of the parts of a product should not be more

the the price at which the product is offered), and

e transitional rules (e.g., the status of a part can only be changed to “in work” if the part is
not yet in status “released”).

The following problems have to be solved while building the federated system:

e inconsistencies between local integrity rules have to be resolved

e additional new global integrity rules have to be identified

e inconsistencies between local and global integrity rules have to be detected and resolved

¢ local integrity rules may be transformed into global rules

Several research groups have already concentrated on the integration of local integrity rules
during schema integration [SC@7, Con97, RR97]. Several procedures to tackle the problem
have been proposed.

The functionality of global integrity maintenance and enforcement at run time of the federa-
tion has to be implemented as part of the global integration layer. It has to be carefully designed



not to violate the autonomy of local systems and use existing local mechanisms for integrity
control as far as possible.

To specify the task, we should differentiate between three categories of integrity rules
[EN94]:

e data model inherent integrity rulesSuch rules (e.g., inheritance rule in object oriented
data models: each subclass inherits the features of its superclass) are characteristics of
the data model and can therefore not be changed or defined explicitly. Those rules are
automatically maintained by the global and local DBMS. Mismatches between the local
and global data model need to be handled by implicit or explicit rules.

e implicit integrity rules: These rules are defined during the schema design of a database.
Some of the rules, like key integrity in the relational model, are enforced automatically
by the DBMS.

e explicit integrity rules: The rules are explicitly defined and have to be enforced by a
dedicated module of the FDBMS. This module checks the adherence to the rules and
starts appropriate actions, if the rules are violated.

Data models generally support inherent integrity rules and provide possibilities to define
implicit integrity rules. But usually, these rules are not sufficient to describe all the integrity
properties of the actual domain specific real-world extract. Additional explicit integrity rules
have to be defined in eitherqaoceduralor adeclarativeway.

The procedural implementation of integrity rules results in the explicit formulation of the
rules and the handling of rule violations in the application language of the user applications or
an additional integrity control application. Using an object-oriented data model, the procedural
integrity rules may be directly included into the implementation of attribute access methods.

The declarative implementation results in a rule base which contains the integrity rules in a
declarative form, e.g., as ECA (Event/Condition/Action) rules. A generic checking mechanism
located in the communication path between the local systems and the federation layer checks
the rules and enforces them. Such rules can be completely defined by the following properties:

¢ the set of objects which are affected by the rule,

e the event that triggers the checking of the rule,

e the condition which must always be met, and

e the (re)action that is executed if the rule is violated.

A typical concept for the implementation of such an integrity control mechanism can be
found in [TC96]. It builds upon active database concepts [Gat94, DG96] and therefore uses
ECA rules. Figure 5 shows the integration of active mechanisms into the FDBMS architecture.
Global integrity rules are checked and enforced by the global integration layer. However, this
layer a priori has only information about global operations. Hence, local operations have to be
monitored and the necessary events have to be sent to the global layer, notifying it about local
changes.
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Figure 5: Architecture of an active integrity control mechanism

3.5 \Version Control

As introduced Sect. 2.2.2, version management is essential in design applications and inte-
grated design systems. Numerous data models with integrated version management have been
proposed and implemented, many of them especially developed for the needs of engineering
databases (e.g., [Kat90, KBG89, DL88]).

In IDEE, version management at the federation layer will be supported. Since the ODMG
2.0 standard does not include versioning, we will model a versioning mechanism by means of
ODMG 2.0 constructs. Our mechanism will take care of different kinds of engineering objects,
i.e., not only data objects will be versionable, but also constraints and calculation routines (both
will also be modelled using ODMG 2.0).

Rules defining which version of a data object could be used with which version of a local
system (e.g., a calculation tool) will be introduced. Designers should be able to access or
reference the latest version and revision of an object without knowing the exact version number.

It is helpful and important for a designer to understand the differences between varying
versions. The designer should be able to look up and visualise the changes that have been
introduced between different versions. Because many different version and revision numbering
schemes are in use in the industrial practice, IDEE should be easily adaptable to a new version
numbering scheme.

3.6 Adopting Heterogeneous Local Systems: Wrappers and Homogeni-
sation

Since we want to integrate existing engineering applications as component systems without

changing them, the coupling mechanisms to connect them to the integration layer have to be

based on the existing interfaces of these applications. Several different types (according to their
interfaces) of local systems have been introduced in the scenario (Sect. 2). In total, five different

groups of local systems have been identified, based on how the coupling modules may access
local data (see Fig. 6) [SSD97].

e Systems using a DBMS

Coupling a CAx tool that uses a commercially available DBMS is done by (operational)
mappings from the component schema to the local DBMS schema.



¢ Applications with an external programming interface
Such an interface offers commands which are equivalent to the user interface controls, as
well as operations which access internal structures of user data.

e Applications with an internal storage module interface

A storage module interface provides the opportunity to access low-level application data
(e.g., lines or 3D objects of a CAD program). Application objects and operations of
higher abstraction (construction of assemblies, calculation of the centre of gravity of a
complex part) are not accessible.

e Shared data files

If a local system does not offer any means to access data via the application itself, the data
files of the application might be used. This raises the problem of synchronising access to
the files.

e File exchange

In the case that the application’s data file format is unknown or subject to frequent
changes, the remaining possibility is to exchange files of some known (preferably stan-
dardised) exchange format. Since the synchronisation problem is even worse in this case,
data from exchange files will be read-only at the global layer.
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Figure 6: Interfaces to couple component systems [SSD97]

In order to support global consistency rules and update propagation, we have to provide
basic functionality to monitor the updates that are autonomously carried out within local appli-
cations. Therefore, monitoring facilities have to be implemented as an extension of the local
application (e.g., a CAD program) or — more likely — as an independent module monitoring
changes of local data. The latter approach can further be subdivided depending on whether



accesses of local applications to their local data are directly caught, or whether alerters are used
which are attached to the data (e.g., triggers in relational DBMS).

These monitors report changes to the global layer which cares for the proper propagation of
updates to sibling systems. Possible monitor implementation concepts are:

e triggers

notification services, event generation (explicit or implicit)

tracking of trail files or log files

tracking of file checksums to detect changes

force the local system to create new versions upon updates and use the version manage-
ment coupling to monitor changes.

4 Related Work

FDBMS have been a research topic for more than a decade now. Nevertheless, to the best of
our knowledge, there are only few publications about the use of FDBMS for the integration
of engineering applications. [Con97] provides a recent overview of the state of research in
FDBMS. The book also includes references to projects that contribute especially to the needs
of engineering environments.

In industry, product data management (PDM) systems are a practical approach to integrate
several product data producing engineering-applications. However, despite their name, these
systems control documents, i.e., containers, rather than the data themselves. They therefore
cover the requirements on object versioning, integrity control and update propagation only
partly. PDM systems also fall short of an FDBMS in many other aspects, most notably, trans-
parency.

A five-level schema architecture [SL90] and an object-oriented global data model [SCG91]
are generally accepted for most FDBMS [CE®]. [BNPS88] proposes operational integra-
tion to support a high degree of heterogeneity of the component systems. We adopted these
approaches in the IDEE architecture, mainly because most engineering applications provide
only poor support for their integration [SSD97].

5 Summary and Conclusions

We have presented the domain specific requirements and additional global functionality needed
of an integration of several engineering applications.

With respect to the architecture of an FDBMS used as basis of such an integrated environ-
ment, we concluded that tightly coupled FDBMS using a four-level schema-architecture and an
object-oriented data model like ODMG 2.0 or STEP are best suited to our application domain.
Tight coupling is preferred against loose coupling although an engineering environment can not
be seen as static (i.e., applications will change, join or leave the federation from time to time).
The global view on product data provided by a tightly coupled FDBMS will allow new global
applications like global project and product management.

Global versioning, integrity control and update propagation are additional essential global
functions. Other integration specific parts of an implementation of an integrated engineering



environment like an object cache, object materialisation and component-wrappers can also be
efficiently implemented as part of such an integration layer.
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