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Abstract

The thesis deals with methods for efficient integration of engineering information
sources, such as CAD and CAE systems, and application development in the product
development process. The distributed and heterogeneous engineering computing envi-
ronment of today does not provide sufficient interoperability between CAD and CAE
systems. The development of engineering information systems can provide interopera-
bility and a environment for a effective exchange of information. However, if not the
proper methods and technologies are used the systems may be costly to develop and their
use can be limited. It is therefore of importance to find methods and technologies for
efficient development of engineering information systems that meet the requirements of
the product development process. 

The use of mediator technology for information integration and application develop-
ment can be used to overcome the information exchange limitations by providing inte-
gration primitives, distribution, memory management, object-oriented data modelling,
and query language. It also provide efficient management of data in terms of perform-
ance. The use of a declarative query language for application development shows great
potential in development productivity and ease of use. The present work presents meth-
ods for how to use mediator technology for engineering information integration and
effective application development. 

Studies of a multidisciplinary simulation process have given important insights into the
needs for efficient application development and how information in engineering systems
should be integrated. It was found that techniques for distributed computing such as
CORBA provides means to access engineering information and computational proce-
dures. Further, the technology provides descriptions of the interfaces and a standardised
protocol that allows interaction with the engineering system through remote messages
over the network. This has been utilised to develop a method that enables a semi-auto-
matic integration of the data and the functionality of CAD and CAE system with object-
oriented mediator system. 

It is believed that the findings enables a more effective information exchange and appli-
cation development in the engineering analysis process. The methods and tools have
been verified in prototype systems for querying CAD information and for the develop-
ment of a vehicle dynamics simulation system. The use of these engineering information
system removes a great deal of manual work concerning data management which the
engineers would otherwise have to perform.

Keywords

engineering analysis, optimisation, engineering information systems, information inte-
gration, mediator databases, distributed computing
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1  Introduction

Developments in computing technology and numerical simulation tech-
niques now make it possible to simulate almost all the aspects of a product’s
behaviour in a “virtual” environment. Simulation software is often restricted
to specific application domains, for example fluid dynamics [1], rigid body
dynamics [2], structural dynamics [3] etc. Moreover, within a given domain,
different software is often used to solve different types of problems. 

Simulations allow companies to simulate performance and manufacturing
of products that only exist virtually. Further, the design can be altered in the
computer and new simulations can be performed, a process that is very
expensive with physical prototypes. The simulations can therefore reduce the
testing activities and the number of physical prototypes. By using virtual
product development efficiently, industry can be more competitive through
reduced development costs, reduced lead time and higher quality [4].

There are many examples of multidisciplinary design problems, for exam-
ple in the automotive and aerospace industry [5, 6]. This kind of problem is
typically characterised by inter-dependencies between different engineering
or design disciplines. The solution to a multidisciplinary problem is therefore
a compromise between different  contradictory characteristics and an iterative
product development process is required. 

By using optimisation algorithms [7], an optimal solution to a given prob-
lem can be reached in an automated way. The design variables of a mechani-
cal component can, for example, be different geometric parameters or
material properties. Multidisciplinary optimisation can be defined as the
design of complex engineering systems and subsystems so that mutually inter-
acting phenomena are exploited [8]. Multidisciplinary optimisation provides
methods and tools to achieve an optimal trade-off between different disci-
plines.

Multidisciplinary analysis and optimisation usually require several different
software packages to be used. An important enabling factor is the efficient
integration of these different software. Typically, geometric and material data
must be shared, as these are necessary inputs to many simulation models.
These data are often available in Computer Aided Design (CAD) software.
The simulation programs are usually highly specialised in simulating one
physical discipline. Therefore, companies tend to have a broad range of pro-
grams for simulating different characteristics. These programs are often
termed Computer Aided Engineering (CAE) software. The simulation proc-
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ess can be divided into three phases and a typical CAE program consists of
components that correspond to these phases. A CAE program therefore con-
sists of a pre-processor, a solver, and a post-processor. The pre-processor is
used to create the simulation model, possibly using a geometrical model from
a CAD system. The solver is used to solve the equations describing the phys-
ics, and the post-processor is used to present the results in a form that is
understandable for a human, through visualisation, filtering, and processing
using different algorithms. On the basis of the results of the post-processing,
the engineer can make decisions about what parameters need to be changed
in order to find an optimal design with the desired properties. 

Consider a product for which several different simulations with different
programs need to be performed in order to determine all the important prop-
erties virtually. The design process of this product is iterative and different
design variables, such as geometrical and material properties, need to be
modified and the simulations need to be re-executed to determine the new
responses. This can be performed manually by the engineers, or the engineers
can use optimisation algorithms [7] so that the search process can be auto-
mated. The optimisation algorithm can evaluate the results and suggest a new
set of values for the design variables. The engineer is then relieved from
repetitive manual work on the design iterations, which now can be per-
formed much more rapidly, in greater number and with greater variety. Fig-
ure 1 illustrates the information flow in such an automated simulation
process. The optimiser consists of the different optimisation algorithms,
design of experiments, or other evaluation methods that an engineer might
need. The CAD system maintains the parametric CAD model and multiple
pre-processors use the CAD model to create a simulation model. The solver
uses the simulation model and produces the results of the analysis, which are
post-processed by the post-processor. The post-processed results are then sent
back to the optimiser, which evaluates the responses and suggests a new set of
values for the design variables. 

FIGURE 1. Automated Simulation Process.

CAD Post-Processor ISolver IPre-Processor I

Pre-Processor II Solver II Post-Processor II

Optimiser
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The need for these systems has been recognised by industry. Giesing et al.
[8] examined industry’s multidisciplinary optimisation needs. The use of
loosely coupled systems working with legacy analysis codes was identified as
having the best potential for the development of future design systems. The
need for frameworks that facilitate the integration of different analysis codes
was also identified. Additional considerations included the need to use shara-
ble common high-fidelity geometrical models, as well as database technology
and neutral exchange formats for the communication of data. Urban et al. [9]
claim that future engineering information systems should support views of
services and more flexible and declarative methods for the interconnection of
distributed software components. 
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2  Problem Formulation

There is an industrial need for technology and methods that enable an effi-
cient development of engineering systems for multidisciplinary analysis and
optimisation. If these systems are not used, engineers must carry out repeti-
tive work when parameters need to be changed and the changes need to be
reflected in different simulations. This leads to manual work when simula-
tions need to be re-executed and information needs to be regenerated manu-
ally by the engineer. Therefore, engineering information systems have the
potential to remove these repetitive manual tasks and instead let engineers
focus on other things. The large amount of software in use at companies pro-
duces huge amounts of data that need to be managed efficiently. The inputs
and the outputs need to be coordinated so that all the CAE systems receive
the relevant information for the pre-processing, which in turn will generate
relevant data. It is possible that, without the use of computer tools for the
coordination of data, simulations will be performed on the basis of non-rele-
vant data and accordingly decisions may be made on non relevant informa-
tion.

Existing CAD and CAE systems should be utilised. It is not possible to
develop systems for multidisciplinary analysis and optimisation without using
existing systems. It would simply be too expensive to start from scratch. Fur-
ther, engineers are familiar with the programs that are already in use in indus-
try. However, using existing systems leads to a number of challenges:

• CAD and CAE systems are heterogeneous and distributed.

• CAD and CAE systems are autonomous, as their data are managed inde-
pendently by different engineers.  

• The exchange of information is limited to proprietary formats, neutral for-
mats, or Application Programming Interface (API).

• The systems can produce large amounts of data of very complex structures 
and possibly in arrays.

The simulation process in Figure 1 leads to a number of challenges:

• The information exchange needs to be automated.

• Data need to be updated in CAD and CAE systems. A change in the CAD 
system must be reflected in the CAE systems.

Providing an efficient information exchange will not suffice to realise the
automated simulation process in Figure 1. Application programs need to be
developed as well. An application program implements the simulation process
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and coordinates the information exchange. This is a very important part of
the system, as it is dependent on the simulation process that the company
wants to use. However, the main objective at the product development
department at a company is to develop new products and not applications for
an information system. Application development leads to the following chal-
lenges:

•  The application development should be conducted by or in close co-
operation with mechanical engineers who knows the development proc-
esses.

• The information system must be able to manipulate complex engineering 
data efficiently and with an acceptable performance.

• It should be possible to develop application programs at a low cost.

2.1 Aim and Scope of the Research

The general purpose of the research presented in this thesis is to improve
the product development process by providing engineers with methods and
tools for efficient exchange of engineering information in the simulation
process. The thesis studies the information exchange between different dis-
tributed engineering systems that is used in a simulation process where multi-
disciplinary analysis and optimisation are applied. 

The aim of the research is:

• to develop methods and tools to integrate engineering information from 
distributed and heterogeneous CAD and CAE systems, and thereby to 
enable a seamless exchange of information in an automated simulation 
process,

• to find methods for the efficient development of applications that use the 
integrated engineering information.

The present research work uses object-oriented mediator technology [10]
as a framework for information integration and application development. The
mediator approach [11] allows the engineering information system to be
divided into three distinct layers, which is illustrated in Figure 2. The source
layer consists of the information sources. In the engineering information sys-
tem these sources are the CAD and CAE systems used in the simulation proc-
ess in Figure 1. The application layer consists of the applications that need to
exchange information in the CAD and CAE systems. The exchange opera-
tions that need to be performed involve both fetching and updating data. In
Figure 2 the application is the optimisation program that for each iteration
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needs to change design variables, run simulations, and evaluate the responses
until a feasible solution is found. The mediator layer consists of an object-ori-
ented mediator database that is used to bridge the gap between the applica-
tions and data sources.

The present research work considers methods and tools for information
integration, which is the connection between the data source layer and the
mediator layer. Methods for managing integrated engineering information in
the mediator layer and efficient application development are also considered. 

FIGURE 2. Layers in the engineering information system.

2.2 Research Questions

The overall research question is:

• How should the exchange of information between different engineering systems be 
improved to enable multidisciplinary analysis and optimisation?

This question has been broken down into a number of sub-questions
whose solutions all contribute to the solution of the overall research question:

• How should information in engineering systems be exchanged?

• How should engineering systems be integrated in an object-oriented mediator data-
base when used in simulation applications?

• How should engineering applications be efficiently developed?

CAD CAE 1 CAE 2

Mediator

Optimisation App.

Application Layer

Mediator Layer

Source Layer
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2.3 Research Approach

The research approach has been deductive, with the correctness of differ-
ent theories having been tested with different hypotheses. All the tests have
been performed with implementations of different prototype systems to ver-
ify that the methods work in practice. 

The tests have been performed in industrial environments in the sense that
industrial simulation processes have been realised by the developed system.
Further, the CAD and CAE systems used in the tests are used by industry.
The exception is the finite element procedures used in Paper E, where it was
necessary to have access to the source code. 

The simulations with the prototype system in Paper A and Paper B were
performed at Volvo Car Corporation. The tests in Paper C and Paper D were
performed on a commercial CAD system and parts of the tests were per-
formed at Volvo Car Corporation.
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3  Engineering Information Exchange

Engineering information is the data used in the product development
process. The term engineering data is broad and in this thesis it is used to
describe data produced by CAD and CAE systems. The CAD system [12] is
used to create the geometry of the product definition for the product devel-
opment process. A modern CAD system allows the creation of three-dimen-
sional geometrical models, whilst the early ones were used to produce
drawings. Today these solid modelling CAD systems are widespread in indus-
try and the present research work has dealt with these systems. Therefore,
when referring to CAD systems in this thesis, solid modelling CAD systems
are considered. The CAD systems of today offer the possibility not only of
creating geometry, but also of working in teams, of creating assemblies, prod-
uct configurations and catalogues of standard models, and in some cases of
performing basic numerical analysis. One purpose of creating solid models is
to be able to use them in different downstream activities, e.g. CAE and
CAM. Therefore, it is of great importance to be able to share these data effi-
ciently. 

CAD data can be exchanged with a neutral representation, e.g. STEP [13]
and IGES [14], between different systems or with proprietary representations
between equal CAD systems. The use of STEP for information exchange
between CAD and CAE systems has been investigated by Liang et al. [15] and
Gabbert et al. [16]. 

CAD systems usually have an API in some programming language. The
API gives access to both the data that has been created and the functionality
offered by the system in the form of different operations on the data. Due to
the complex structure of CAD data, an object-oriented approach is well qual-
ified for defining the API. The API is a layer that wraps the internals of the
CAD system and provides interfaces for using data and functions in different
downstream activities. The structure of such an API is hierarchical, with rela-
tionships defined as functions between different types. The access is naviga-
tional, with a root node at the top level which can be used to navigate down
to data on a more detailed level. Some functions provide means to create new
data, perform updates, or perform different computations. Generally the APIs
of CAD systems have large amounts of different types and functions [17, 18].
The amounts of data that can be accessed can be very large if the API gives
access to the team data. Data are also structured using user-defined types such
as structs and vectors.
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CAE software uses the geometrical data to create simulation models. For
example, a FEM program will create a model consisting of elements, nodes,
material properties and boundary conditions. The structure of the FE data is
less complex than the structure of the data in the CAD system, but the
amounts of data can still be large. Much of the data is represented as arrays.
The STEP application protocols can be used to exchange FE data on a neu-
tral format.

A number of specialised systems for engineering analysis have been devel-
oped [19-23]. Many systems use database technology for storing purposes and
the applications are to a large extent developed in a procedural programming
language. Declarative methods and a more automated approach to informa-
tion integration are not explored.

Database technology has been used by Orsborn [24] to develop a finite ele-
ment program. Johansson [25] and Koparanova [26] have addressed the use of
STEP and mediator databases in product development.
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4  Distributed Computing

Software that is used to connect multiple processes running on different
hosts connected to a network is called middleware. Middleware provides
services for developing client/server applications and communication across
different platforms. It can, for example, be used to develop APIs to different
software systems. The middleware software is distributed and interacts with
the application and the operating system and network services. Middleware
can be of several different types. Two commonly used technologies are
Remote Procedure Calls (RPC) [27] and Object Request Broker (ORB)
technology, such as Common Object Request Broker Architecture
(CORBA) [28], Java Remote Method Invocation (RMI) [29] and COM
[30]. RPC is a client/server architecture used to build distributed applications
and provides the use of remote function calls embedded in the client and
server application program. Usually RPC uses a synchronous request-reply
protocol that blocks the client until the server replies. An ORB is a middle-
ware technology that handles the communication and exchange of data
between distributed objects. Urban et al. [9] provide an overview of CORBA
and Java technology, and Plasil et al. [31] an overview of CORBA, COM,
and Java RMI technology.

In the present research work, CORBA technology has been used to pro-
vide interoperability between objects. CORBA is an object-oriented standard
for distributed computing using a client/server model and is specified by the
software industry consortium called the Object Management Group (OMG)
[32]. It can be used to enable communication between objects residing in dif-
ferent operating systems in a distributed environment. Objects are discrete
software components that both contain and can manipulate data. In
CORBA, software components can act as both a client and a server unlike
traditional client/server architectures. Objects are accessed through their
interfaces. An interface expresses what services the object provides and how
to construct a message and invoke the service. Interfaces are expressed in the
programming-language-independent OMG Interface Definition Language
(IDL) [28]. The interfaces can be implemented using a programming lan-
guage such as C++ [33]. All that the client sees is the generated IDL stub and
therefore systems can be integrated without access to their source code. 

Requests are handled through an Object Request Broker (ORB). The cli-
ent program is connected to the ORB through the IDL stub and the object is
implemented through the IDL skeleton. Stubs are programming language
mappings from the IDL code. The client stub and the server stub are bound
statically, as they need to be included and compiled before they can be used.
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The dynamic invocation interface enables client invocations of objects discov-
ered at run time, and the dynamic skeleton interface provides services at run
time on the server side. The communication between the client and the
server using CORBA is shown in figure 3. 

The standard also specifies a protocol for communication between the cli-
ent and the server which is called the Internet Inter-ORB Protocol (IIOP).
IIOP specifies how to construct the different messages that can be sent, and it
also specifies a format for object references called Interoperable Object Refer-
ences (IOR). An IOR is a global object identifier and it contains all the
information required to locate an object.

FIGURE 3. Communication between Client and Server using CORBA.

Client

IDL client stub Dynamic invocation

Object Request Broker (ORB)

IDL server stub Dynamic skeleton

Server
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5  Database Systems

Database management systems (DBMS) [34] are today used for data man-
agement in many diverse applications, like banking systems, flight reservation
systems and scientific systems. A DBMS generally provides the following
important features:

• persistent storage

• programming interface

• transaction management

• recovery

• data integrity

• declarative query language and query processing

5.1 Relational Database Systems

The relational model was proposed by Codd [35] and organises data in
tables called relations. The benefits of the model are that it can protect users
and applications from internal representation and that it also allows manipula-
tion of data through high-level queries. Today, the use of the relational
model, in combination with the standardised query and data definition lan-
guage Structured Query Language (SQL) [36], is widespread. 

A relation consists of a table and each column in the table constitutes an
attribute. An attribute is the name of the column in the relation. The relational
model requires the types of the attributes to be atomic. Atomic or literal types
are basic types such as integers, reals, and strings. A set of atomic values is
called a domain and can for example be the names of CAD models. The rows
in the relation are called tuples and each tuple has a value for each attribute.
The name of a relation and the attributes of the relation are called a relation
schema. Normally, one needs a number of relations to represent some specific
data in, for example, a banking system. A collection of such relations is called
a conceptual database schema.

A relation consists of a specific set of tuples and there should not be two
tuples with exactly the same values for all the attributes. At least one of the
attributes of a relation should be unique. Therefore, one or several attributes
are defined as a key. A key is used to identify tuples in a relation uniquely.
Some relations may have several keys and it is therefore normal practise to
define one of the keys as the primary key. The primary key is the key that gen-
erally should be used to identify a tuple uniquely.
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Relational algebra is used to query the data and modify it. It consists of a set
of operations on the relations that takes one or two relations as the input and
produces a new relation. The operations are union, intersection, difference, Carte-
sian product, join, selection and projection. The union operation determines the
set of tuples that appears in relation R or relation S or both relation R and
relation S. The difference operation determines the set of tuples that only
appears in R and not in S. The intersection operation determines the set of
tuples that appears in both relation R and relation S. The projection and
selection operation use conditions to produce new relations. The projection
operation is used to produce a relation, which has only some in the condition
chosen columns from a relation. The selection operation is used to produce a
new relation, with some in the condition chosen tuples from a relation. The
Cartesian product produces pairs of tuples, where the first tuple is any tuple
from relation R and the second tuple is any tuple from relation S. Hence, a
relation is produced with all the possible combinations of tuple pairs. The
join operation is a very important operation for processing relationships
between two relations. The natural join operation produces a relation where
the common attributes shared by relation R and relation S are matched. The
joined tuple consists of the attributes from the union of the schemas from R
and S. A relational algebra program consists of a combination of nested oper-
ations with a specific execution order. It is possible to write different rela-
tional algebra programs that produce the same results. The process of finding
the optimal sequence of operations in a relational algebra program is referred
to as query processing. 

Normally, queries are expressed in a relational calculus, for example
through SQL queries. The relational calculus allows the user or application
programmer to write queries on a higher level than in relational algebra.
Rather than specifying how to obtain the results, as in relational algebra, the
user specifies the results by stipulating certain conditions. Queries expressed
in relational calculus are translated into relational algebra by the query proces-
sor. 

Figure 4 shows an example of an entity-relationship (ER) diagram. The
ER model  [37] is used for designing conceptual database schemas and can be
translated into a relational schema or an object-oriented schema. The dia-
gram of Figure 4 shows the two entities Project and Part that have a relation-
ship called Parts. The relationship connects the two entities and one project
can have multiple parts, but one part can only belong to one project. The
entity project has the attributes name, date, and leader. The attribute name of
project is the primary key. The entity part has the attributes name, pnum, and
owner. The attribute pnum is the primary key. 
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FIGURE 4. Entity-Relationship Diagram.

When the ER diagram of Figure 4 is translated into the relational model,
the relations Project and Part are created. The relations are illustrated in Figure
5. The relationship Parts is modelled by the introduction of the attribute pn of
relation Part. The relationship Part can then be processed by using the
attributes pname from relation Project and pn from relation Part.

FIGURE 5. The Project and Part Relations.

The SQL query in Figure 6 selects the name of all the parts that are owned
by Lars and belong to the project Car. 

FIGURE 6. SQL Query.

SQL is one of the major reasons for the success of RDBMS and it can be
used to express statements for queries, updates, and data definition. It can also
be embedded into languages such as C/C++. The standard is implemented
by most RDBMS and therefore users can migrate their database applications

Project PartParts

name name

n1
owner

pnum

date

leader

pname date leader

Car 2002-10-10 Lars

name owner pnum pn

wheel Lars 1 Car

piston Bertil 2 Car

Relation Project Relation Part

SELECT p.name
FROM project pr, part p
WHERE pr.pname = ‘Car’
AND p.pn = pr.pname 
AND p.owner = ‘Lars’;
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at a lower cost, as they are not bound to a specific database. The precursor of
SQL was SEQUEL 2 [38], which was developed and implemented at IBM.
The objective of SQL is to provide inexperienced users, as well as program-
ming specialists, with a declarative high-level language for relational databases
rather than using procedural programming to manipulate data. Takizawa [39]
has shown that a declarative query language for expressing queries is much
faster to write for an experienced programmer compared to writing the
equivalent query in a procedural programming language. The time required
to design, code and debug could be reduced from days or weeks to a few
minutes.

5.2 Object-Oriented Database Systems

Object-oriented database systems (OODBMS) [40, 41, 34] use objects to
model the world. Objects have a unique object identity (OID) that is main-
tained by the system. Objects belong to a specific class that possesses a defini-
tion. The properties of a specific class can be categorised into attributes,
relationships and methods. Attributes are variables that hold a value that
belongs to the object. Relationships define a connection between two classes
and methods are operations on the object. The operations can consist of pro-
cedures in a programming language.

The Object Definition Language (ODL) [42] is a standardised object-ori-
ented data definition language for object-oriented databases. The Object
Query Language (OQL) is a standardised query language for object-oriented
databases. It uses the fundamental concepts of SQL but is aimed at querying
object-oriented data defined in ODL. 

An alternative standard is SQL-99 [36], which extends previous versions of
SQL with object-oriented concepts. The difference between the standards is
that SQL-99 works with relations as an important concept when modelling
data, while ODL does not. Databases using SQL-99 are usually referred to as
object-relational databases [41], as they still use the relational concepts of Sec-
tion 5.1, and have been extended to support object-oriented concepts such as
user-defined types as attributes, methods, OIDs for tuples, and references. 

Figure 7 shows the SQL query in Figure 6 expressed in an object-oriented
query language. The object-oriented DBMS will manage the OIDs that are
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used to express relationships between different objects. Therefore, the rela-
tionship called parts is used instead of using the keys used in Figure 5.

FIGURE 7. Object-Oriented Query.

5.3 Comparison of RDBMS and OODBMS

Early work on OODBMS addressed issues concerning database systems for
CAD and Computer Aided Manufacturing (CAM) applications [23, 43].
CAD and CAM systems were using customised files for the data manage-
ment. The disadvantage was that there were not well defined interfaces to the
data. Different modules had to convert the data from the files in order to use
it. Database technology seemed to have a good potential for resolve this issue.
It was found that the relational model did not meet the requirements from
these applications and instead the use of object-oriented databases was pro-
posed. OODBMS have been compared with RDBMS with a special focus on
engineering applications by Ahmed et al. [44] and Ketabchi et al. [45]. It has
been shown that object-oriented data modelling provides better capabilities
to model the data in engineering systems and that the object-oriented schema
is easier to understand. The object-oriented schema is also smaller because of
the use of OIDs rather than primary keys and the possibility of using inherit-
ance. It is also more complicated to perform updates in a relational system, as
this may include changing data in several relations. For example, a change of
pname in relation Project would require a change of pn in the relation Part. 

Today, several of the engineering information sources [17, 18, 13, 23] use
an object-oriented model to structure data, and it is believed that it will be
easier to integrate such an information source using an object-oriented
model. Therefore, the present author has chosen to take advantage of object-
oriented database technology. 

5.4 Information Integration

Information is often spread among several different distributed and hetero-
geneous sources. The sources can, for example, be databases, files, or software
systems producing information. Information integration deals with collecting

SELECT name(parts(pr))
FROM project pr, part p
WHERE name(pr) = ‘car1’
AND     owner(p) = ‘Lars’;



Engineering Information Integration and Application Development using Object-Oriented Mediator Databases

17

this information in one database from which applications can query the data.
There exist several different approaches to information integration using data-
base technology. Two different and important approaches to integration are
data warehouses [46] and mediators [11].

A data warehouse is a single database where copies of data are stored. The
data are integrated from several different information sources into a global
schema. Then the user can query the data stored in the data warehouse. Usu-
ally updates to the data in the data warehouse are not allowed, as the changes
are not reflected in the sources, which leads to inconsistency. Data ware-
houses are instead incrementally updated periodically, for example during the
night. Another possibility is that the sources may monitor the changes and
only send the updates. The data warehouse is usually very large, which makes
updates at run-time from the sources impractical due to communication and
processing costs. The data warehouse approach to information integration is
illustrated to the left in Figure 8. Data are extracted from the data sources
with different extractor programs. The data from the extractor programs are
combined with a combiner program that resolves conflicts and stores the data
in the data warehouse. Traditionally data warehouses are used to store a copy
of large amounts of company data from different sources and then perform
analyses of the data with queries to find, for example, sales trends and pat-
terns. 

The mediator approach [11] to data integration involves the creation of a
virtual database that the user can query as if it was a database with stored data.
The mediator does not store any data other than meta-data about the data
that it integrates. Instead it provides a collection of views of the data that it
integrates. Therefore, a user query to a mediator that includes data from two
integrated data sources needs to be decomposed into two different queries,
one for each of the integrated data sources. As the data sources are heteroge-
neous, a component called a wrapper is needed between the mediator and the
data source to translate the queries. The data sources respond to the decom-
posed queries and the wrappers send the partial results back to the mediator,
which combines them into the final results that the user requested. The
mediator approach to information integration is illustrated to the right in Fig-
ure 8.
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FIGURE 8. Data Warehouse and Mediator Approach to Information Integration.

For the present research work the mediator approach has been chosen for
engineering information integration for a number of reasons. The automated
simulation process is quite different from the traditional use of data ware-
houses, where the goal is to analyse large amounts of already existing data. In
the automated simulation process, the mediator system is used to provide effi-
cient exchange of data between different integrated sources and applications.
Parts of the data in the process are stored, but other data are created interac-
tively by the simulation programs, when the queries from the applications are
executed.

The mediator approach allows the user to work on the data that can be
interactively queried from the data sources, which here consist of different
CAD and CAE systems. CAD and CAE systems produce large amounts of
data, and therefore it seems hard to achieve good performance with a pure
data warehouse solution where all the data are copied. The mediator system
allows more flexibility, as it normally does not need to materialise all the data
locally to answer a query. Updates are very important in the automated prod-
uct development process presented in Figure 1. For example, the geometrical
model in the CAD system needs to be updated when a new set of geometri-
cal parameters is received from the optimiser. With the data warehouse
approach this seems to be rather difficult, as updates to the data warehouse are
generally not allowed. The mediator system allows the user to access the latest
data when needed. 
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5.5 AMOS II

In the present research work, the Active Mediator Object System (AMOS)
II [10, 47] has been used. AMOS II has several important features that make it
suited to engineering information integration and application development:

• it is main-memory resident

• it is object-oriented

• it uses a query and data definition language 

• it adopts a mediator approach to information integration

• it has foreign functions with costhints

• it provides integration primitives

• it is an active database rules

• it is a light-weight datbase that can be embedded

• it is a multi-database system.

AMOS II is an object-oriented mediator database system and it uses the
functional data model [48] with the query language AmosQL. AMOS II is
main-memory resident and extensible, and can be classified as an object-rela-
tional database system. It is further a multi-database system that uses the
mediator model for information integration. A comparison between AMOS
II and other integration projects is provided in [49].

The AMOS II data model consists of objects, types, and functions. Objects
model all the entities in the database, including system- and user-defined
objects. Objects can be either atomic or surrogates. Surrogates have OIDs
that are managed by the system and they are created and deleted by the user
or the system. The atomic objects consist of integers, reals, and charstrings as
well as the collection objects vector and bag. The atomic objects do not have
an OID and are system-maintained. An automatic garbage collector removes
unreferenced objects. 

Objects are instances of a specific type. A type is here equivalent to a class in
C++. Each type has an extent, which consists of all the object instances of that
type. AMOS II supports multiple inheritance and the types are organised into
a hierarchy of subtypes/supertypes. A type can be a stored, proxy, derived, and
integration union type. A stored type has its extent created and stored locally in
the database. A proxy type represents objects that are stored in an integrated
data source or another AMOS II mediator database. Derived types and inte-
gration union types are used for data integration purposes [47]. 
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Functions are used to model properties of objects, relationships between
objects, and operations on objects. AMOS II functions can have multiple
arguments and results, and are stored functions, derived functions, foreign functions,
proxy functions, or database procedures. Stored functions are used to model
attributes of objects and they can be compared to attributes in relations.
Derived functions are side-effect-free functions defined in terms of object-
oriented queries, and they are used to define object-oriented views. Foreign
functions may have side-effects and are defined in an external programming
language such as C, Java or Lisp. It is also possible to define costhints for for-
eign functions. Proxy functions represent functions in another AMOS II
mediator database. Database procedures are functions defined in AmosQL
with a procedure body and they may have side-effects. AMOS II allows func-
tions to be overloaded and resolves the function implementation using the
types of the function arguments and the binding pattern. 

Queries are expressed in the declarative query language AmosQL and
therefore need to be optimised. The query processor deals with translating
high-level queries into an executable program in object algebra. The AMOS
II query optimiser can optimise the access to its main-memory data struc-
tures, and it can also optimise queries with foreign functions [50], as foreign
functions have costhints. 
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6  Results

This section presents the results achieved in this research work and the
approach to acquire them. 

6.1 Information Exchange

The research work started by focusing on how to access information in
CAD systems, as they generally provide several different possibilities for
accessing information. CAE systems, on the other hand, may have limited
capabilities for information exchange. Volvo Car Corporation provided
knowledge of the exhaust system design process and the functionality of a
desired engineering information system for an automated multidisciplinary
simulation process where opmisation would be used. An engineering infor-
mation system meeting the requirements was developed. The purpose of the
system was to determine if object-oriented distributed computing could meet
the requirements concerning the information exchange as described in Sec-
tion 2, “Problem Formulation”.

The system and a multidisciplinary simulation process are presented in
Paper A and Paper B. Paper A explains how information can be exchanged
between the CAD system and a pre-processor developed for a CAE system
using CORBA. Paper B shows the use of the developed pre-processor in a
multidisciplinary simulation process where optimisation is used. The results in
Paper A and Paper B show that engineering information should be accessed
through object-oriented distributed computing technology such as CORBA
or other equivalent technology. Through the use of CORBA one achieves
distribution, operating system heterogeneity, updates, and automated infor-
mation exchange. CORBA also makes it possible to access functionality, for
example the geometrical kernel, in order to make changes to a parametric
CAD model. This result answers the research question: How should information
in engineering systems be exchanged?

The use of CORBA makes the applications less complex, as the function-
ality required to manipulate geometrical information does not need to be
implemented locally. Translating CAD models between two different systems
is a very complex process that may introduce errors, but this is also avoided.
Moreover, it was noticed that applications in many cases only needed to
access a subset of the data available in a CAD model which could  be sup-
ported efficiently by the CORBA-based CAD API. This result contributes to
answering the research question: How should engineering applications be efficiently
developed? 
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Figure 9 shows how the application programs in Paper A and Paper B were
developed. First the IDL definitions need to be compiled into header files in a
procedural programming language. The application program includes these
header files and uses the classes and the functions available to develop the
application program. When the code for the application program is written,
it needs to be compiled into a program. 

FIGURE 9. Application Developed in a Procedural Programming Language.

The results from the first implemented engineering information system
can be summarised as follows:

• Object-oriented distributed computing technology such as CORBA pro-
vides the best method to access CAD and CAE information in the pro-
posed simulation process.

• CORBA makes it possible to access information, make updates, and utilise 
functionality, thereby making the application less complicated.

• The system allows engineers to spend less time on manually updating 
models, executing simulations, and evaluating responses.

6.2 Information Integration

The system presented in Paper A and Paper B is a rather static system
where updates to the code need to be recompiled. Further, it requires expert
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programming knowledge to develop such a system. Therefore, object-ori-
ented mediator technology was adopted as a framework for information inte-
gration. The choice of object-oriented mediator databases for information
integration has been motivated in Section 5. The mediator approach to infor-
mation integration is explained in Section 5.4. The mediator system AMOS
II was used in the present work. The results from Paper A and Paper B show
that distributed computing technology offers several important features and
that this technology therefore should be utilised. Consequently, an IIOP
wrapper was developed for AMOS II. The purpose of the implemented IIOP
wrapper was to test whether, in combination with AMOS II, the wrapper
provides a sound method to integrate engineering information. The IIOP
wrapper is illustrated in Figure 10.

FIGURE 10. Application Developed with Mediator Database and IIOP 
Wrapper.

The IIOP wrapper utilises IIOP to communicate between the wrapper
and the data source, as all CORBA-compliant ORBs must respond to IIOP
messages. IIOP can also be used to communicate with Java Beans and Java
RMI systems [29]. The wrapper uses the IDL definitions to generate semi-
automatically an object-oriented view over which it is possible to pose que-
ries. The wrapper translates queries to the mediator into IIOP messages,
which are sent to the data source in order to access data or operations on data.

AMOS II

Object-Oriented schema
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select ...
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IDL request reply
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The wrapper also uses memo functions for caching of proxy data in order to
improve performance.

The experiments performed in Paper D with the CAD mediator showed
the importance of optimising the queries. The query optimisations led to
substantial performance improvements. In order to perform the query opti-
misations, the database needs to have correct costhints. A general approximate
model for costhints was proposed and it was shown that the model provided
feasible costhints for the optimiser. However, in some cases the model is too
approximate and then the optimiser needs to use stored statistics or user-
defined costhints. This is true of functions that have very long execution
times, for example a function that executes a simulation.

The results from Paper C and Paper D answer the research question: How
should engineering systems be integrated in an object-oriented mediator database when
used in simulation applications?

The results can be summarised as follows:

• A very flexible method was developed in order to access any system that is 
able to respond to IIOP requests.

• It was found that the IDL does not provide sufficient information to gen-
erate a complete conceptual schema automatically.

• Query optimisation improves performance significantly.

• Dynamic query optimisation is necessary and feasible for queries with 
cached data.

6.3 Application Development

Figure 10 illustrates the use of AMOS II and the IIOP wrapper when
wrapping a CAD system. The mediator system makes it possible to develop
the application in the query language AmosQL. The IDL of the API allows
semi-automatic generation of an object-oriented view for data integration.
Further, it is possible to use the data integration capabilities of the mediator
system in order to create specialised external views for the applications. This
allows applications to be developed using the specialised external view instead
of directly using the view generated from the IDL. This has advantages when
integrating data from various engineering systems, as the applications can
access data from several systems using one specialised external view. The use
of specialised external views also reduces the complexity of the API.
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This approach is presented in Paper C and it has several advantages over the
approach used in Paper A and Paper B:

• It allows the use of declarative queries.

• It does not require the user to compile any code.

• It provides automatic memory management.

• It provides object-oriented data modelling for the creation of different 
external views.

The method developed in Paper C and Paper D enables a faster develop-
ment of applications compared to the traditional approach used in Paper A
and Paper B. It also makes it possible for non-programming experts to
develop applications that use distributed information.

The results from Paper C and Paper D also contribute to answering the
research question: How should engineering applications be efficiently developed?

The results can be summarised as follows:

• Applications can be developed in a declarative query language, which also 
allows non-experienced users to develop applications. 

• It is possible to create application-specialised external views through 
object-oriented modelling in the mediator database. 

• Semantic heterogeneity can be resolved by object-oriented modelling in 
the mediator database.

• Information from different wrapped systems can be combined.

The challenges involved in the manipulation of the large data structures
produced by the simulations are addressed in Paper E. Paper E discusses the
efficient management of matrix data in an object-oriented and main-memory
resident mediator database. The results contribute to answering the research
question: How should engineering applications be efficiently developed?

The results can be summarised as follows:

• A generic object-oriented model to access matrix data independent of 
internal representation is presented. 

• The model allows operations on the matrix data to be developed generi-
cally, regardless of the underlying structure, in a declarative query language.

• The manipulation of matrix data can be performed efficiently in a declara-
tive query language using the proposed model.
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• Numerical procedures can be efficiently accessed by having the mediator 
database embedded.

6.4 Industrial and Scientific Importance

Many industrial design problems involve different types of analysis and will
produce huge amounts of data. Therefore, improved methods and technolo-
gies for managing, automating, communicating, and integrating analysis data
are of importance for industry, as this can possibly enable the use of optimisa-
tion, parametric studies etc. and thereby increase the efficiency of numerical
analyses. The results of the present research work are believed to provide
awareness of challenges, as well as solutions leading to efficient engineering
information integration and application development. The results can also be
used when strategies for the development of future engineering information
systems are defined. 

Scientifically, the results show a new use of mediator technology which
motivates database research. Further, the results in Paper C and Paper D
present a new method for engineering information integration and show
how engineering proxy data can be managed by the mediator system. The
present research also addresses application development with object-oriented
mediator technology, paying special attention to the large data structures in
Paper D that are typical in simulations.



Engineering Information Integration and Application Development using Object-Oriented Mediator Databases

27

7  Demonstration Systems

Object-oriented mediator technology has been used for engineering infor-
mation integration and application development. This section presents vari-
ous systems that have been developed during the project. 

7.1 Engineering Information System for Exhaust System 
Design

This system is presented in Paper A and Paper B.

The first system to be implemented in this work was an engineering infor-
mation system for exhaust system design. It utilised I-DEAS [51], MSC Nas-
tran [52],  Wave [53], and iSight [54]. Industry’s need for a simulation process
where several different responses could be evaluated simultaneously was
addressed. This need also included the use of optimisation methods and the
use of an automated exchange of information between the different software
systems. The system enables a completely automatic exchange of information
when evaluating the sound pressure level at the tailpipe and the dynamic
forces in the exhaust suspension points in the car body. The simulation proc-
ess is shown in Figure 11.

With the system, engineers are able to perform a greater number of evalu-
ations of the design numerically. The use of the system also removes the man-
ual repetitive work involved in changing the design variables, executing the
simulations, and evaluating the responses. The system was demonstrated and
evaluated at Volvo Car Corporation.
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FIGURE 11. Simulation Process.

7.2 CAD Mediator

This system is presented in Paper C and Paper D.

An CAD mediator has been developed by wrapping the CAD system I-
DEAS [51, 18] with the IIOP wrapper. The system is discussed and evaluated
in Paper C and Paper D. The method for accessing data is illustrated in Figure
10.  The CAD mediator provides access to CAD data through declarative
queries. 

The schema of the CAD view in Figure 12 describes illustrates a subset of
the various entities (types) that are accessible. The type CADServer is the root
point for the interaction with the CAD system. An object of this type is used
to traverse down in the data hierarchy. The types Project and Library are used
to organise the CAD data. The most important data in the CAD system are
the geometrical models that are designed in it, type Part. Each part consists of
geometrical Surfaces and Curves that gives access to geometrical kernel func-
tionality, such as calculation of Points on Surfaces and calculation of lengths
of Curves. It is also possible to change some important dimensions of a Part as
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well as access information about when the Part has been created and last
modified. 

FIGURE 12. Schema of CAD View.

Figure 13 shows an example of a query over the CAD view, which
retrieves the names of all parts that belongs to project1. Developing applica-
tions in a declarative query language shows great potential in terms of pro-
ductivity compared to developing the same application in a procedural
programming language [39]. 

FIGURE 13. Query to the CAD View.
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SELECT name(p)
FROM Part p, Library l, Project pr, CADServer s
WHERE p = getparts(l)
AND l = getlibraries(pr)
AND pr = getprojects(s)
AND "project1" = name(pr) ; 
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7.3 Engineering Information Systems for Simulation-Based 
Optimal Vehicle Design

Results from Paper C, Paper D, and Paper E have been used to implement this sys-
tem. The development was conducted in cooperation with Volvo Car Corporation,
which provided models and knowledge of the simulation process, and the University of
Michigan, which provided methods for simulation-based optimal design.

An engineering information system for simulation-based optimal vehicle
design has been developed in order to coordinate the simulations that need to
be performed, as well as manage the information produced in the design
process. The complex vehicle design process makes it difficult to apply tradi-
tional optimisation methods. Analytical target cascading [55] is used to
decompose overall vehicle design targets to specifications of subsystems and
components, thereby simplifying the design process.

Figure 14 shows the ADAMS [56] models of the Volvo V 70 used in the
simulations. The models were supplied by Volvo Car Corporation. Engineers
at Volvo Car Corporation were also involved in choosing the types of simula-
tions to perform and the choice of design targets and design variables.

FIGURE 14. ADAMS models of the Volvo V70.

The developed system wraps the multibody dynamic simulation software
ADAMS [56] using AMOS II and the IIOP wrapper described in Paper C
and Paper D. The system is illustrated in Figure 15. The system enables paral-
lel distribution of simulations on a collection of computers connected to the
network. It also makes it possible for the mediator system to change different
design variables and receive the results from the simulations.

The results produced in the simulations are managed in the mediator sys-
tem using the methods for matrix data management proposed in Paper E.
The results are sent from the Java ORB [29] to the mediator database through
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IIOP messages. The mediator database receives the result as a vector that is
stored temporarily for evaluation. The results are evaluated with queries, that
search for specific patterns, for example the maximum lateral acceleration
when making a turn with the vehicle at a specific velocity.

Analytical target cascading is implemented as an application to the media-
tor system. The application communicates with the mediator database by
sending queries and it is the process driver.

FIGURE 15. Engineering Information System.

The implemented system allows engineers to perform complex simulations
and optimisation of different design targets using analytical target cascading.
The use of this engineering information system removes a great deal of man-
ual work concerning data management which the engineers would otherwise
have to perform.
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8  Summary of Appended Papers

The appended papers have the interrelationships according to Figure 16.

Paper A and Paper B have addressed the needs of industry for information
exchange between various CAD and CAE systems in a multidisciplinary anal-
ysis process. 

Paper A identifies a method for exchange of information between CAD
and CAE systems that enables the simulation process of Figure 1.

Paper B demonstrates the use of the findings of Paper A in multidiscipli-
nary analysis and optimisation.

Paper A and Paper B provide valuable knowledge concerning the require-
ments for the architecture for engineering information integration and appli-
cation development. On the basis of the results, object-oriented mediator
technology was selected as the enabling technology for information integra-
tion and application development. Paper C outlines a method for engineering
information integration and shows how materialised proxy data can be man-
aged by the mediator system.

Paper D investigates the query optimisation that has to be accomplished,
when using the integration method in Paper C, in order to execute queries
over the integrated information efficiently.

Paper E addresses the efficient manipulation of vector structured data that
need to be managed in simulation applications implemented in the mediator
database described in Paper C. 

FIGURE 16. Relationships between the papers.
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8.1 Paper A: Integrating a Parametric CAD System with a 
Computational Fluid Dynamics Package for Exhaust 
System Design

Authors: Mattias Nyström, Peter Jeppsson.

ISATA 2000 Proceedings Simultaneous Engineering pp. 213-220, Sep-
tember 25-27, Dublin, 2000.

8.1.1  Summary

The work presented in this paper demonstrates how the conceptual design
process can be improved. A central part of the work is the seamless and auto-
mated data sharing of geometry information between a commercial CAD
system and a commercial one-dimensional CFD code. The application
domain was the fluid dynamics analysis of exhaust systems. 

Information exchange was performed using the distributed computing
standard CORBA, and this allowed the geometric data to be manipulated as
proxy objects in the application program, which in turn referenced the CAD
model. Distributed computing allowed the use of parameterised solid geome-
try and geometry based CFD models for optimisation of the acoustic charac-
teristics of exhaust systems.

8.2 Paper B: Multidisciplinary Optimisation with Application 
to Exhaust System Design

Author: Mattias Nyström

8th AIAA/USAF/NASA/ISSMO Symposium on Multidisciplinary Anal-
ysis and Optimization, AIAA-2000-4749, 6-8 September, Long Beach, 2000.

8.2.1  Summary

The design process in the automotive industry involves several different
analysis disciplines. The study presented in Paper B focuses on applying
multidisciplinary optimisation to the design of exhaust systems using com-
mercial software. The software used comprised an MCAE system, a structural
dynamics solver, a fluid dynamics solver and optimisation software. 

A common parameterised solid model was used as the basis for the simula-
tion models. The fluid dynamics pre-processor developed in the work pre-
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sented in Paper A was used for the acoustic analysis. Using the developed
integrated design system, the aero-acoustic sound pressure level could be
minimised. The optimal design that was identified could be used to help min-
imise dynamic forces at the exhaust system suspension points. The sound
pressure level at the tailpipe was used as an equality constraint and was set to
be below a certain acceptable value. The optimised design is a compromise
between the two disciplines.

8.3 Paper C: Engineering Information Integration using 
Object-Oriented Mediator Technology

Authors: Mattias Nyström, Tore Risch.

8.3.1  Summary

The integration of object-oriented engineering data resident in a software
system where descriptive meta-data are available is investigated. Deficiencies
in the implementation of the system described in Paper A and B are
addressed. The aim is to hide memory management, distribution, and proce-
dural programming. Further, the environment in Paper A and Paper B was
rather static, as the application needs to be recompiled when changes to the
application program were made. It is believed that mediator technology may
provide enabling technology for an efficient and flexible integration of engi-
neering information and the development of design systems.

Object-oriented mediator technology is used for the integration. CORBA
provides a meta-data description of the object-oriented structure, which
makes it possible to translate IDL definitions into object-oriented views of
data managed by, e.g., an engineering system. The functional data modelling
and query language AmosQL is used, which is avaliable in the distributed
mediator system AMOS II. The object-oriented views consist of types and
functions that can be used in queries to fetch data from the data sources. The
information that is available in the meta-description makes it possible to
develop a dynamic and flexible interface between the mediators and the
CORBA-based sources using the standardised protocol IIOP.

The paper discusses how to wrap an engineering data source to define
conceptual views of wrapped engineering data systems. Flexible queries over
the conceptual views can be used to interface a wrapped system from applica-
tions. Query optimisation makes engineering data manipulation both effi-
cient and flexible. With this approach, specialised external views provide
application-area-oriented descriptions of subsets of the conceptual view of a
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wrapped system. This hides complexities of the full conceptual views and
simplifies application interfaces. It also makes it possible to use the same
external views over different wrapped systems for system portability. Further-
more, the architecture makes it possible to combine data from different
wrapped systems

It was noticed that the IDL does not provide sufficient information for
automatically inferring a complete conceptual schema of a view over a
wrapped engineering system. Therefore the IDL definitions must be comple-
mented with more meta-data describing relationships, side-effects, logical
keys, and descriptions of how to query the extent of a specific type. The
amount of manually supplied information about the mediator view might
seem daunting, but to be able to use the API safely in a procedural program-
ming language, the information has to be known by the developer anyway.
By representing this information formally in the mediator, it can be used to
relieve the developers from several challenging tasks, such as memory man-
agement, distribution, keys, etc. 

8.4 Paper D: Mediator Queries to Distributed Engineering 
Systems using IIOP

Authors: Mattias Nyström, Tore Risch.

8.4.1  Summary

The work presented in this paper deals with the method from Paper C for
querying data from engineering systems, such as CAD and CAE systems able
to respond to IIOP requests. The protocol specifies a standard for communi-
cation between distributed objects. Systems that have been wrapped by a dis-
tributed computing technology such as CORBA are able to respond to these
requests. 

The queries are expressed in a declarative query language and the mediator
database must therefore optimise the queries in order to find the optimal exe-
cution plan. This differs from the traditional cost-based optimisation, as the
cost to access the distributed data is high compared to when data are stored
locally. Experiments show that the execution time of a query can be reduced
considerably by cost-based optimisation. It is further shown that dynamic
query optimisation is needed to optimise queries combining proxy data that is
materialised in views locally with data that need to be accessed through IIOP
requests.
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8.5 Paper E: Computational Database Technology for 
Component Mode Synthesis

Authors: Mattias Nyström, Kjell Orsborn.

Proceedings of The Sixth International Conference on Computational
Structures Technology, Prague, Czech Republic 4-6 September 2002.

8.5.1  Summary

The paper studies management of data with an object-relational database
management system in a structural dynamics analysis process using compo-
nent mode synthesis. This analysis process is important, as it allows the
reduced mass and stiffness matrix to be used in different downstream activi-
ties, such as forced response analysis etc. By using reduced matrices, the solu-
tion time can be reduced, thereby shortening the solution time. 

A general object-oriented model for accessing matrix data independent of
matrix representation is presented. The data model allows operations on the
data to be expressed generically, as the internal data structures of the matrix
objects are only accessed through overloaded functions. The model is used to
develop an application for the management of data where the calculations of
the reduced stiffness and mass matrices are expressed in a declarative query
language, thereby letting the database decide how to execute the operations
and manage the memory. It is shown that numerical data can be efficiently
manipulated in a database. It also shows that it is possible to develop opera-
tions on the data generically, using the proposed model, in a declarative query
language. 
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9  Discussion and Conclusions

Requirements from industry for future engineering information systems
have been identified and addressed in this thesis. It has been shown in Paper A
and Paper B that future systems need to access information in CAD and CAE
systems by using technology such as distributed computing [30, 29, 28] that
enables the integration of both data and operations on data. Hence, applica-
tions do not need to implement this functionality in order to manipulate the
data and loss of data due to translation is minimised. However, this method
does not substitute neutral formats such as STEP. It should rather be seen as a
complement, aimed to use in the automated simulation process outlined in
Paper A and Paper B, or similar processes. It has also been shown that the use
of such systems relieves engineers from manually conducting the information
exchange, alteration of design variables, and re-execution of simulations. The
implemented system has been tested and evaluated at Volvo Car Corporation
in an industrial design case concerning exhaust system design.

A method for integrating distributed engineering systems with object-ori-
ented mediator technology has been proposed. A general IIOP wrapper that
uses the CORBA interface descriptions to generate an object-oriented view
for integration has been developed. The wrapper makes it possible to translate
declarative queries over and updates to the generated view into IIOP mes-
sages that are sent to remote engineering systems to fetch information. This
method of integrating engineering systems can be used to develop the system
of Paper A and B in a declarative query language rather than in a procedural
programming language. However, it has also been found that additional infor-
mation needs to be supplied in order to query and update the wrapped engi-
neering system. By providing costhints for the integrated functions, the query
optimiser is able to optimise the query execution plan. It has been shown that
this is necessary in order to execute the queries efficiently. The optimisation
for a number of different queries to a wrapped CAD system improved the
query response time by more than 99% for some queries. It has also been
shown that dynamic query optimisation is necessary in order to optimise que-
ries over data that are materialised and data that need to be fetched remotely. 

It was also shown that it is possible to efficiently manage simualation data
in the mediator system. A general model to access matrix data was presented,
which enabled the development of operations on the data regardless of the
underlying matrix structure in a declarive query language. 

An efficient integration will minimise programming efforts and present a
high level interface which is flexible and easy to use and which hides imple-
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mentation challenges such as distribution, memory management, concur-
rency etc. By hiding such complexities, the use of the integrated system by
different applications can be simplified considerably, and the development can
be carried out by non-programming specialists in a high-level language.
Mediators provide tools that support efficient integration and increase the
usability of distributed data by presenting different views of the data for dif-
ferent applications. Such tools should be easy to learn and allow relatively fast
development of specific integration applications using declarative query lan-
guage compared with a programming language, since it is in general much
faster to write a declarative query than to write a procedural program [39].
Moreover, such an architecture makes it possible to allow users or domain
specialists with limited knowledge of software development and distributed
computing to develop or take an active part in the development of the inte-
grated system, rather than having to depend upon a software developer with
limited domain knowledge. This should make it possible to create and test
new applications or extensions to existing applications to support the product
development process more quickly.
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10 Future Work

Future work could investigate the impact of using the proposed approach
to engineering information integration and application development in terms
of cost. The systems has a potential to increase the productivity of engineers,
lead time, and quality of the product. These potential cost savings need to be
compared with development-, maintenance-, education- and licence costs of
the engineering information systems.

There are also research opportunities considering performance with differ-
ent representations of engineering analysis information. This work is closely
related to the work in Paper E where it was outlined how to access matrix
data by using a general matrix index for different underlying representations.
Performance comparisons with different models could be made.

The dynamic query optimisation in Paper D could be further investigated.
The methods used to determine the costs dynamically could be further
refined. 

The IIOP wrapper showed to be a very flexible method to integrate dis-
tributed software systems. A similar approach to access engineering systems
locally with high-performance would also be interesting work. 

The use of several distributed mediator databases the performs advanced
computations with high-performance would also be interesting and useful
research work. 
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