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Abstract 

Automated design performance assessment through simulation will be an 
important aspect of future product model technology. The research in this area 
has so far been focused on traditional simulation tools. However, the rapid 
development of new structurally different tools calls for a shift of attention. New 
object-oriented methods of describing simulation models can and should be 
integrated with the product model itself. In this paper we will briefly review a 
current development trend in continuous simulation and present a new language 
for model description, Neutral Model Format (NMF), which in recent years has 
gained considerable attention in the field of building simulation. The possibility 
of joining the continued NMF development with the STEP domain is discussed 
and some examples of NMF based EXPRESS models are presented. 

1. INTRODUCTION 

One driving factor behind product model research is that it will give designers 
direct access to easy and repeated design evaluation. Obviously, cost estimates, 
bills of materials, and various drawings should be easily generated from product 
model data, but of equal importance are measures of the dynamical performance of 
the design at hand. In the AEC field the EEC COMBINE project (phase 1) has 
demonstrated feasibility of data mapping from an EXPRESS-based data model of a 
building to a range of established building performance evaluation (BPE) tools 
[Augenbroe 19931. Phase 2 of this project seeks to put this technology to use 
among practitioners in the field. Another industrial sector with considerable activity 
in both product modelling and simulation is the process industry. 
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The authors of this paper have for some time worked with new simulation 
techniques and languages for continuous modular systems. These techniques are 
applicable to a large class of static and dynamical simulation problems in, e.g., the 
building, energy and process industries. One important aspect of this work has 
been involvement in the definition of a standard format, Neutral Model Format 
(NMF), for expression of component level simulation models. The purpose of this 
paper is to investigate the applicability of STEP technology in the continuation of 
this work. 

Currently, component models (primitive models) are automatically translated from 
NMF to the proprietary format of the target simulation environment. For example, 
an NMF model of an axial fan is used to generate an axial fan class in, e.g. IDA 
[Sahlin 19911. The class is then instantiated in the target environment. The 
instances are furnished with suitable parameters, and incorporated into a system 
model. The next natural step in the NMF development is to formulate an 
environment independent way of expressing and communicating instantiated 
system models as well. Several authors have already suggested and even 
implemented such NMF extensions [Kolsaker 1994a, Lorenz 19941. Since object 
oriented simulation is a highly relevant topic for product modelling efforts 
[Augenbroe 19911, we will analyze the implications of using EXPRESS for data 
modelling of NMF instantiated system models. 

In the next two sections a brief overview is given of current work on so called 
object oriented simulation methods, mainly in the context of building simulation, 
and of the Neutral Model Format. 

2. OBJECT ORIENTED SIMULATION ENVIRONMENTS 

The term object oriented is perhaps not the best descriptor for these tools but it has 
nevertheless become widely used and we will use it here as well. The object 
orientation concerns mainly the modularity of the physical systems that are being 
modelled and not so much software techniques. Naturally, most recent 
developments also use object oriented programming to varying degrees. 

2.1 PHYSICAL SYSTEMS AND MATHEMATICAL MODELS 

Physical systems that we aim to simulate are modular in nature, i.e. they naturally 
decompose into subsystems. Frequently, identical subsystems are repeated a 
number of times in a model, a fact that is taken advantage of in many tools. 
Furthermore, the systems should have a basically continuous behavior, meaning 
that equations used to describe them, as well as forcing functions, will have a 
limited number of discontinuities. Purely event driven systems are excluded. 

d' 

Models may be expressed in several ways. Bond graphs, linear graphs, block 
diagrams, electrical analogies, and mathematical equations are frequently used 
modes of expression. Also used, for mainly historical reasons, are subroutines in 
some programming language. A discussion of pros and cons of various methods of 
description can be found in [Lorenz 19871. 






























