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1. Introduction

In the area of simulation software today you find many different packages targeting
dissimilar working areas and diverse users. On the one hand small simulation
solutions suppliers need to make their development work as efficient as possible, so
they targeting to highly specialized solutions. Wherever possible they focus on the
distinctive features of their tools and services and do not spend a lot of time porting
their tool from one platform to another, developing standard functions which are more
or less common to all simulation tools.

On the other hand academic institutes produce prototypes of simulation tools (e.g. in
the framework of a PhD thesis). Most of these tools are bound to die quickly not be-
cause of their poor quality, but because they do not fit together with any commercial
tools of any supplier or other prototypes. Also most of these tools focus on one
aspect only (e.g. user interface, statistical evaluation) and are weak with regard to
others.

Nowadays it would be extremely helpful for any user of simulation software packages
and also for the academic developers, if they could use existing modules for their
research and exchange models respectively model data. Furthermore it might be
easier for commercial suppliers to pick up and integrate such prototype modules into
their software if there were an agreed modular structure of simulation tools.

However, economic and competitive reasons may make such an approach not viable
for all areas, but we want to evaluate if there is sufficient benefit for a plenty number
of players.

The goal of the paper is to answer the following questions with focus on the
interchange ability of simulation model and model data in different tools and how it
can be done:

Are joint development/common modules technically and economically
attractive for commercial developers?

Does modular design make it easier for commercial suppliers to pick up
and integrate prototypes (modules of simulation tools) developed in
academic institutes?

How is the state-of-the art regarding modular design and data exchange-
ability in the area of computer aided simulation

This paper gives the answers in following steps:

presents results of a survey directed to simulation experts,

presents results of benchmarking of simulation tools from the different
application areas: discrete event simulation, continuous simulation and
robotics.

This white paper sets his focus to the modularity and interchange ability of models,
data modelling and data input of simulation software. No focus was set on the
modularity of software (spec. component models) of such software tools. Other
research activities setting their focus on modularity of software could start with the
same questions to gain answers on that topic.

The work of the working group was divided into two parts. The first part was a survey
to simulation specialists and the second part was a market review of simulation
packages. Both result sets are described in this report. The results can be used
individually or together for further work.
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Pidd [4] suggests that three aspects of conventional object orientation are useful in
discrete simulation:
Class mechanisms: variable types are declared as objects which may
inherit part of their definition from previously declared object types.

1.1 Object-oriented design [6]

Encapsulation: by which data and the functions which change that data
are kept together in the same place.

Polymorphism: in which the same instruction may be implemented quite
differently by members of different classes.

Conventional object orientation provides locality if all variables are implemented as
classes with their own internal state data and internal methods, thus keeping all state
data private.

Conventional object orientation can be used to implement input and output ports via
message passing. Conventional object orientation also supports model building
through the aggregation of existing components, making it a sensible starting point
for hierarchical modelling. However, there is no support for delayed binding in con-
ventional object orientation since the sender must define which object is to receive a
message.

Complete A /AO\ Production
NI

flow-chart

system

Fig.1 Hierarchical model of a production system [24]
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1.2 Object-oriented design of production systems

The object-orientated paradigm has fundamentally changed the area of software
development, but is becoming even more widespread in the design of complex
systems in general. Object-orientation offers completely new possibilities for event
specific simulation of production systems since it allows the dynamic behaviour to be
directly integrated into the model elements. Traditional simulation approaches
assume that specialised simulation procedures should be implemented for the
various tasks, although the models are, for the most part, incompatible with one an-
other.

The basic principle of simulation is to model the sequences within an enterprise with
help from so-called flow-charts which depict the logical sequence of activities in the
form of vectored graphs (see the picture below). The basis of such is a generic,
object-orientated model of the flow-chart, which makes it possible to equip the nodes
and edges of such a graph with its "own intelligence" with regards to the simulation
and assessment.

The main problem with the application-spanning use of simulation methods is found
in the various views of the different planning problems. A central point here is the
degree of detail with which the various planning objects, for example enterprise
processes or resources, are viewed. Thus, the individual production steps in, for
example, the area of production planning are modelled and simulated very explicitly
while a view of entire construction projects with a very limited degree of detail may
suffice for an area such as order execution.

1.3 Modularity [6]

The increasing use of discrete simulation in modelling large and complex systems
brings new challenges. One such challenge is the need to devise ways of developing
modular approaches to reduce the complexity of model building and to make such
models easier to maintain. It seems important to define what is meant by a module
and to discuss how these modules may be connected. Cota and Sargent [26]
suggest that modularity is based on the two properties of locality and encapsulation.

Locality is the notion that all information relevant to a design decision
should be kept in one place, i.e. within a particular module.

Encapsulation is a protection mechanism which, when combined with
locality, allows information one module to be modified independently
of other modules.

Zeigler [25] argues that modularity should be regarded as an absolute property, in
the sense that a model is either modular or not. In his terms, a modular model must
satisfy both of the following conditions.

The model must not directly access the state of any other model or
component. That is, the description of its internal state and behaviour
must contain no references to the internal states and behaviour of any
other model.

The model must have recognised input and output ports through
which all interaction with the exterior is mediated.
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Thus, as shown in Fig. 2, a modular model must be regarded as a 'black box' which
receives messages (external events) through its input port(s) and which sends
messages (information about changes in its internal state) through its output port(s).
The description of the 'black box' must be such that it is contextually independent.
That is, its internal description must make no assumptions whatsoever about the
origin of messages on its input port(s) nor about the destination of messages from

its output port(s).
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Fig. 2 A modular model [6]

Given the properties of a modular model, it should be clear that modularity ought to
make a model easier to understand and safer to modify. This is because changes in
any design decisions are local (from the locality property) and are independent of the
rest of the model, since they are encapsulated within a single module. A further ad-
vantage is that this modularity supports the reuse of model components, since
modular models are defined with no direct reference to the state of their potential
components. This improves the likelihood that modular models may be built, at least
in part, from existing components. It also provides an attractive way of introducing
hierarchical components into simulation models.

The whole point of modularity schemes in discrete simulation is to provide ways of
building large models safely and quickly. Thus there needs to be some way to link
the modules together. Zeigler [25,27] suggests that the process of creating a new
composite model from a set of modular components be known as coupling. Thus, a
coupling scheme is a specification of the way in which the input and output ports of
the modules are coupled. The result is a composite model. For example Fig. 3 below
represents a composite model, known as a Buffered Machine. This, in turn, consists
of two components, known as Buffer and a Machine.
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coupling coupling
Fig. 3 Coupling scheme [6]

The resulting composite model, the Buffered Machine, is also in a truly modular form
and may thus be used as a model component in a yet larger composite model.
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1.4 Modular simulation environment [3]

Ideally, each user of simulation software would be able to select the set of software
tools to use on each simulation project. The selection would be based on the par-
ticular requirements of that project. The tool set would contain both simulation
specific tools such as model builders and simulation engines as well as tools with
wide applicability such as word processors, statistical analysis packages, and
spreadsheets. Modular simulation environment concepts seek to provide the
standard by which ad hoc collections of software tools can be used together to
perform a simulation project. These concepts specify how simulation related data
flows between tools in a general way so that heterogeneous software can work
together. Some benefits of modular simulation environments are as follows:

High flexibility for end user selection of simulation software.

This supports simultaneous use of simulation software from multiple
software providers as well as locally developed tools.

Use of widely applicable software with which the user is already
familiar.

Inclusion of tools such as spreadsheets, word processors and
presentation graphics generators that have not traditionally been a
part of simulation environments.

Management and selective use of simulation inputs and results.
Definition of a standard for simulation environment structure. Because
of its flexibility, users may generally adopt such a standard and tool
builders may find developing software compatible with the
requirements of the standard helpful.

The specification of an implementation architecture that supports the dynamic in-
clusion of software tools and the management of simulation data is one significant
issue in the development of modular simulation environments. Object management is
one approach that shows promise in successfully addressing this issue. Traditional
simulation environments have three major components:

a fixed set of software tools prescribed by the environment designers
and implementers,

a database management system that controls the flow of data
between the software tools transparently to the environment users

a user interface that gives access to all environment capabilities.

Each software tool uses existing information in the database and adds the results of
its own operations to the database. Furthermore, these simulation environments may
be divided into two major categories: those that emphasize model building tools and
those that emphasize experimentation and tools for handling simulation related data.
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2. Survey: Modular Design of Simulation Tools

To get a better view of the current state of simulation software packages in the area
of model and data exchange a web survey was established (MDST survey, see the
Appendix). The goal of these survey was to collect user experiences in the area of
modular design, the ability to exchange data between different packages.

Collecting and analyzing these answers (altogether 23) brought the following results:

Building simulation models in modular way
Modular modelling is quite well supported in current simulation tools and
packages. The biggest shortage is the lack of more advanced and
sophisticated object oriented behaviour.

Data exchange between various simulation tools
Data exchange between simulation tools is difficult with current tools. There is
strong consensus that changing different kind of data between various
modelling and simulation tools would be helpful.

Using simulators with other applications and exchanging data between them
Simulation results can be exported and visualized easily using readily
available tools. Co-use with other engineering tools is not as well supported
and benefits of simulation would be greater if integration with other
engineering work would be better.

3. Benchmarking simulation tools

Altogether 19 smulation tools have been benchmarked, mainly from the discrete
event smulation area. The tools were chosen as representative tools from the large
group of different simulation tools existing on the market. The goal of the
benchmarking was to get to know:

how do the tools support modular building of models,
how do simulation packages exchange data,

how deep different simulators are integrated with other
simulators/engineering applications.
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Table 1shows the benchmarked tools divided into groups from the three areas:
discrete event simulation, continuous simulation and robotics.

Simulation tool Area

ARENA™ siMuLs™

eM-PLANT™ (formerly SIMPLE++) | FLEXSIM™

c
SHOWFLOW™ (formerly TYLOR Il) | PROMODEL™ o
s
=]
ENTERPRISE DYNAMICS™ QUEST™ =
(formerly TAYLOR ED) o
IGRAFX™ S
AUTOMOD™ PROCESS™ o
[¢]
MODSIM™ WITNESS™ 5
B2
EXTEND™ CORPORATE -
MODELLER™
e-FACTORY™ (formerly
VISFACTORY)
APROS™

MATLAB™ / SIMULINK™

Continuous
simulation

MATLAB™ / SIMULINK™
PROENGINEER™

IGRIP™

Robotics

eM-WORKPLACE™ (formerly ROBOCAD)

Table. 1 Benchmarked tools in the white paper
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3.1 Benchmarking on simulation tools: modular building of
models from the area of robotics, continuous simulation,
discrete event simulation

3.1.1 Discrete event simulation - ARENA™

Modelling constructs, which are called “modules” in ARENA™ are the flowchart and
data objects that define the process to be simulated. All information required to
simulate a process is stored in modules. Modules are arranged into a number of
“templates” such as “Basic Process”, “Advanced Process” and “Advanced Transfer”.
Under a full version of ARENA™, users can generate their own template, which
makes some of the parameters in the modules or the simulation model user-
assignable. This is a way, in some extent, enables the modules in the template being
reusable if the logic in the module is generic and valid for different models.

Visual Basic for Applications™ (VBA™) is a component of ARENA™ licensed from
Microsoft™ Corporation. Incorporating VBA™ into ARENA™ allows for tighter
integration by extending the VBA™ interface to include ARENA™'s own objects,
methods, properties and events. The interface to VBA™ is a separate window,
integrated with ARENA™, in which modellers can edit, design, and debug Visual
Basic code and forms.

ARENA™ in some extent can support reusable simulation components being built.
However, whether a simulation component is reusable or not heavily depends on
whether the logic in the logic is valid for different scenarios/models.

3.1.2 Discrete event simulation - PROMODEL™
The tool allows to build large and complex model in smaller segments. It has two
functions:
merge models — to merge two or more independent models (complete
or incomplete);
merge sub models — to merge commonly used sub models into an
existing model in one or more place.

Modular building using ProModel means that a part of a system could be modelled
and then merged with many other models. It is possible for a research group to split a
system and model it independently. ProModel™ does not allow to build hierarchical
models.

3.1.3 Discrete event simulation - QUEST™ [7]

QUEST™ allows to build a simulation model to the level of detail required, adding
more details as necessary to improve accuracy throughout the design process. It is
possible to conceptualize processes by populating the model with intelligent objects
and pre-built sub models from libraries. Once a proposal is accepted, one can carry
the same model into the design process by integrating it with existing design tools
such as 2D/3D CAD, Microsoft™ spreadsheet and planning software, and other
types of simulation applications such as ergonomic workplace assessment.
QUEST™ includes a rich resource library of geometric objects. That library enables
users to quickly and accurately model a production facility, such as buffers,
machines, material handling systems, and docks. One can save and reuse objects
on multiple levels - elements, classes, groups, sub models, or just logic and
geometry. Users can combine this custom library with the default libraries available in
QUEST™ to simulate new facility.
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3.1.4 Discrete event simulation - IGRAFX™ PROCESS™ [8]

iGrafx™ Process 2003™ enables the creation of business process models that reflect
process behaviour and the effects of change. In a way not possible with other
modelling techniques such as even the most complex spreadsheet, process models
respond to changing schedules of resource availability, customer demand patterns or
random events such as machine down-time. The user-friendly diagramming and
modelling features of iGrafx"™ Process™ provide an effective and logical approach to
mapping processes. Workflow through a process model follows lines drawn con-
necting activities. Defining an activity's behaviour is driven by logical and helpful
dialogues and in doing so has redefined business process modelling establishing a
new benchmark in usability.

3.1.5 Discrete event simulation - AUTOMOD™ [9]

Model building consists of three steps:
Define the queues, conveyors, stations, resources in the graphical
screen.
Create the logic file with the flow of the entities and the different
activities to perform.
Define the processes and queues that do not have a graphical
representation, but are used as part of the logic file.

3.1.6 Discrete event simulation - MODSIM™ [9]

ModSim™ can be seen as an object oriented simulation layer on top of C++. The
model consists of implementation files, definition files and a main-file. The main-file
contains the structure of the model and gives the order to start the simulation. The
implementation and definition files are files containing classes to be used within the
simulation model.

A model created in ModSim™ consist of several Def- and Imp-files that are linked to-
gether to form an executable. This executable can be anything, but usually refers to
some kind of simulation activity. While creating a simulation model in ModSim™, a
user can just start typing on a blank white sheet. While using the right words, some
will change color, but that's all. To avoid working from scratch, default def and imp
files can be used, which are created in ModSim™ and show comparisons with the
current simulation model (thanks to object orientation). Automatic or graphical
modelling is not possible in ModSim™.

3.1.7 Discrete event simulation - eM-PLANT™ [10]

EM-PLANT™ is an object oriented simulation language, that enables the user to
create its own simulation libraries, but also provides building blocks which give the
user the possibility to create a simulation model, just taking into account the flow of
goods.

Model construction can be done using building blocks created in a library. This can
make model construction pretty fast. Unfortunately, constructing the right building
blocks is not so easy.

Models can be build by selecting objects from the objects palette or by drag and drop
from the simulation class library. The basic objects for basic activities (like source,
singleproc, parallelproc, line and track) have basic values, which enable a quick
creation of the simulation model.

But not only the basic objects can be included in the simulation models, user defined
building blocks with user defined sub objects, attributes and methods can be included
in the same way.
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3.1.8 Discrete event simulation — WITNESS™ [15]

WITNESS™ model building is achieved intuitively and quickly using a building block
approach. Users begin to create a process by simply dragging icons from the central
library onto the screen. These icons, known as elements, have been created to
represent elements typically in use within manufacturing e.g. machines, labour, parts,
conveyors, pipes, tanks, path networks etc. They may be simple shapes or 3D
images which give a graphic interpretation to the model. In addition users may create
own element library or incorporate into WITNESS™ images such as photographs,
video clips or CAD layouts [15].

3.1.9 Discrete event simulation — SHOWFLOW™ [13]

The general purpose modelling objects in SHOWFLOW™ can be used in all
business environments that entail the flow of goods, people or information.
SHOWFLOW ™ has unique options for simulating transport systems, such as sorting
conveyors, warehouse storage and retrieval systems and automatically guided
vehicles.

3.1.10 Discrete event simulation — SIMUL8™ [16]

Every SIMUL8™ simulation is created by dragging and dropping the simulation
objects below on screen. Details to each of these objects can be added to build a
simulation which represents your process. Unlike other packages SIMUL8™ uses a
limited number of objects to make it as easy as possible to use and learn.

3.1.11 Discrete event simulation — FLEXSIM™ [17]

Flexsim™ is a completely new object-oriented, simulation-modelling tool. Flexsim™
incorporates a C++ IDE and compiler into a graphical modelling environment. C++
can be used directly in defining model logic and compiled right in the Flexsim™ appli-
cation. There are not DLL's or complex linking of user defined variables.

3.1.12 Discrete event simulation — ENTERPRISE DYNAMICS™ [14]

Enterprise Dynamics is an object-oriented software program for modelling, simula-
tion, visualization, and control of dynamic processes. The users can pick up elements
— called atoms — from standard libraries in order to build their own model. ED is
based on this concept of atoms as modelling objects in each model.

An atom can represent a machine, a counter or a product but can also have a non-
physical character like a graph. As far as the difference in the type of atoms is
concerned, we will mention basic atoms (five atoms often used: product, source,
sink, server and queue), transport atoms (relating to transport), experimentation
atoms, etc. Atoms thus are pre-defined modelling objects used to build models
quickly and to carry out studies.

3.1.13 Discrete event simulation — EXTEND™ [18]

Extend™ has an interactive and graphical architecture that is combined with a robust
development environment. Users use Extend™ to create dynamic models from
building blocks. Blocks are the basic model-building component in Extend™. Each
block represents some part of the process being modelled, such as a chemical
reaction or a activity of a machine. A block’s icon shows its meaning in the model,
and double-clicking the icon reveals a dialog for entering data. Blocks contain unique
procedural information and are grouped into libraries according to function.

Users create an Extend™ model by dragging blocks from a library onto a worksheet,
connecting them, and then entering the appropriate data in the dialog. For visual
clarity, and for reuse in other projects, users can encapsulate sections of the model
into hierarchical blocks. Once the user is satisfied that his model accurately
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represents the system, he can explore alternatives by changing data or by adding or
removing blocks, or use the optimizer to maximize or minimize important variables.

3.1.14 Discrete event simulation —- CORPORATE MODELLER™ [20]

Corporate Modeller's™ object approach to modelling provides users with a set of
logically chosen object types which, when linked together, will represent any busi-
ness situation in an easy-to-understand manner: process, organization, location,
data, application, technology. In addition to these standard object types, Corporate
Modeller™ allows to create user-defined object types to represent anything a
modelling initiative requires. Corporate Modeller™ also enables users to add custom
properties to their object types. Therefore, users can store any type of knowledge
your modelling initiative requires, including text, metrics and user-defined list options.
All objects created in a model are stored in The Casewise Repository for reuse.
Therefore users can place the same object (for example, a department) on several
different diagrams including diagrams of different types. Because an object is not
copied, but reused, only one central version of it exists.

3.1.15 Discrete event simulation — e-FACTORY™ [21]
To help improve profitability through manufacturing efficiency, e-Factory™ offers a
suite of factory layout and analysis applications. Factory CAD™, Factory Flow™ and
Factory Mock-up™ enable users to:

Create accurate factory layout models

Analyze factory layout models for efficiency

Use factory layout models to improve design communication

Factory CAD™ is a factory layout application that gives tools to create detailed,
intelligent factory models. Factory CAD™ allows to work with "smart objects” that
represent virtually all the resources used in a factory, from floor and overhead
conveyors, mezzanines and cranes to material handling containers and operators.
With these objects, users can “snap” together a layout model without wasting time
drawing the equipment.

Factory Flow™ is a graphical material handling system that enables engineers to
optimize layouts based on material flow distances, frequency, and costs. Factory
layouts are analyzed by using part routing information, material storage needs,
material handling equipment specifications, and part packaging (containerization)
information.

Factory Mock-up™ enables factory engineers and management to fly through, walk
through, inspect, and animate motion in a rendered 3D factory model. Factory Mock-
up™ also provides design collaboration activities for these engineers so they can
view, measure, and inspect for clearance in a 3D virtual factory model.



3.1.16 Continuous simulation - APROS™ [1]

APROS™ is a simulation software product for full-scale modelling and dynamic
simulation of industrial processes, e.g. combustion power plants (APROS
Combustion™), nuclear power plants (APROS Nuclear™) and pulp and paper mills
(APROS Paper™). With each of these, one can model gas/liquid flow networks,
automation and electrical systems. The APROS™ simulation environment consists of
the APROS™ simulation engine and the Grades graphical design user interface. The
simulation engine contains versatile solvers and model libraries.

The APROS™ environment is used for a wide variety of purposes e.g. to support
process and automation design, testing, operator training, operation, re-design and
maintenance (Fig. 4).
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Operation and Maintenance Research and Development

Fig. 4 AprosTM Applications [1]

Modelling is done using a graphical user interface. CAD-like GUI provides features
that support developing modular models. Sub-models can be imported and exported
e.g. to facilitate parallel modelling in working groups. However, modular modelling is
not fully supported and more advanced object-oriented features, like polymorphism
and inheritance are not available. In recent years some concepts that support better
modularization, e.g. hierarchical models, have been introduced. Adding advanced
new features, that support better modularization, is not necessarily a trivial task due
to the fact that the foundations of the APROS™ simulation engine have been made
two decades ago.

External models provide the possibility to integrate models that are developed either
using Fortran or C to APROS™ models. The interface between the APROS™ engine
and an external model is very simple (low level) and does not include any kind of
semantic restrictions to external models. Consequence of this, the creator of an
external model must have detailed knowledge about the APROS™ model that uses
particular external model. Typically external models are used to model such
phenomena that are not directly supported by the APROS™ model library or user
has ready made detailed model to be integrated into the APROS™ model.



3.1.17 Continuous simulation/Robotics — MATLAB™/SIMULINK ™ [11]
MATLAB™ is based on the mathematical model of the process in hand. It
incorporates a variety of control system design techniques that have been
implemented successfully to control (either locally, remotely, or over the internet) a
wide range of industrial processes including robots and hence enhancing their
performance and throughput. The MATLAB™ environment is designed for interactive
or automated computation. Using the built-in math and graphics functions and easy-
to-use tools, engineers can analyze and visualize data on the fly. The structured
language and programming tools let users save the results of interactive explorations
and develop own algorithms and applications.

SIMULINK™ provides a complete set of modelling tools that users can use to quickly
develop detailed block diagrams of user’s systems. Features such as block libraries,
hierarchical modelling, signal labelling, and subsystem customization provide a set of
capabilities for creating, modifying, and maintaining block diagrams. SIMULINK™
includes more than 150 built-in blocks that implement commonly required modelling
functions.

In addition, SIMULINK™ offers features for creating customized blocks and block
libraries. Users can customize both the functionality of a block and user interface.
Custom blocks can be saved in own block library and shared with workgroups,
vendors, and customers. Changes made to the library version of a block propagate to
all models that use the block.

3.1.18 Robotics - PRO/ENGINEER™
Pro/Engineer™ has intrinsic capabilities that enable the mechanical design and
development of individual components (modules) and finally integrate them to form
the overall model. Other modelling capabilities include:
- Access to complete parametric, feature-based and associative
modelling environment in one solution;
Generating all necessary digital product information automatically
from one, single CAD model;
Optimising digital models through defined design goals;
Doing digital prototyping and comprehensive, functional simulation.

3.1.19 Robotics - IGRIP™ [10]

IGRIP™ is a physics-based, scalable robotic simulation solution for modelling and
off-line programming complex, multi-device robotic work cells. One can use IGRIP™
to quickly and graphically construct work cells for applications such as welding,
painting, dispensing, material removal and machine tending. IGRIP's is equipped
with comprehensive built-in robot libraries, automatic collision detection functionality
and superior device building capabilities.

3.1.20 Robotics - eM-WORKPLACE™ [12]

eM-Workplace™ enables the design, simulation, optimization, analysis and off-line
programming of multi device robotic and automated manufacturing processes in the
context of product and production resource information. With eM-Workplace™, one
can design life-like, full-action mock-ups of complete manufacturing cells and
systems on 3D graphics computer workstations.

As a scalable, standalone solution, eM-Workplace™ fully integrates core
technologies with a set of process-specific applications for a wide range of
processes, including spot-welding, arc welding, laser- and water-jet cutting, drilling
and riveting, and human operations.

eM-Workplace™ simultaneously models all physical characteristics of robots and
other automated devices, enabling users to verify the accessibility limits (reach



target, define path, avoid collisions and calculate cycle times) while developing a
planning concept.

3.2 Summary

Most of benchmarked tools, which are representative to simulation tools groups, use
the principle of modular, object-oriented design of models.

Most of the tools are developed using object-oriented approach (for example C++
language). Users can define modules, merge the modules together and reuse the
modules in different parts of their models, mostly using graphical environments.

One can distinguish between tools with 3D model visualization (e.g. QUEST™,
AUTOMOD™, eM-PLANT™), tools based on flow-chart technique (ARENA™,
IGRAFX™ PROCESS™) and tools, where model building is in principle not
graphically supported (e.g. MODSIM™).

The conclusions were also proved by information collected in the elaborated MDST
survey: modular modelling is quite well supported in current simulation tools and
packages.

However, it should be stated, following [22], that the new group of commercial object-
oriented simulation software should require no hard coding in an object-oriented lan-
guage and should be completely menu-driven with all the characteristics of true
object orientation such as inheritance. This will speed up model building and increase
the reuse of previously verified and validated model components that are placed in
company specific object libraries.



3.3 Benchmarking on data exchange capability of simulation
tools (how do simulation packages exchange data?)

3.3.1 Discrete event simulation - ARENA™

Data exchange between an ARENA™ model and the external data source are
achieved by Visual Basic for Applications (VBA™). The external data source can be
database, spreadsheet and files in various formats. Procedures and functions can be
defined through writing codes in the Visual Basic Editor corresponding to each
VBA™ block in the simulation model logic view. When an entity arrives at the VBA™
block, procedures and functions defined in this block are fully executed. After
everything is done, the entity may leave the VBA™ block and go on to the next
module/block.

3.3.2 Discrete event simulation - PROMODEL ™

ProModel™ exchange data using built-in functions and MS Excel™ interface. It is
shown in the context of model building, setting model parameters, exporting result
data.

MS Excel™ interface allows to build logical (without graphically represented
locations) model using data typed in MS Excel™ sheets.

Xsub™ as a built-in function allows to call external user-defined command
(subroutine) to perform a block of logic and optionally return a value. Subroutine may
have parameters (local variables) which act as variables local to the subroutine and
that take on the values of arguments passed to the subroutine.

Using Xsub™, it is possible to access the entire functionality of any 32-bit Windows™
programming language such as C, C++, Pascal. In fact, subroutines called with
Xsub™ can do anything that the language they were written in allows.

Running model to set initial parameters value it is possible to import data from exter-
nal text file.

Xwrite™, another built-in function, allows to write information (parameter value,
location capacity, etc.) to a general write file in any format a user chooses. It allows
to collect some special data.

ProModel™ needs an individually programmed interface to communicate with
external systems.

ITM

3.3.3 Discrete event simulation - QUEST™ [7]

One can output statistical information to external files for use in presentations or
other analytical forums. Finally, as the facility is built, one can use QUEST™ to
author an Express model of one’s proprietary processes and integrate the simulation
using QUEST Express™ with MES, ERP, MRP, PLC or scheduling systems for
assisting in production floor analysis and systems monitoring. Users can simply read
in process data from standard databases, and use the CAD geometry from product
designers to facilitate recognition. Engineers can use a distributed modelling
approach by communicating real-time via sockets protocol between QUEST™ and
any application, such as another QUEST™ model, other DELMIA™ products, and
production monitoring systems. One can read DELMIA recordings from other
DELMIA™ products into QUEST™, to speed up model building and help generate a
better understanding of the processes being simulated. One can export the data to
an external analysis tool such as a spreadsheet or other charting package.

3.3.4 Discrete event simulation - IGRAFX™ PROCESS™ [8]

The Database Import Wizard links shapes with external data. Once links are estab-
lished, the diagram can be refreshed by external data at any time. Also available in
iGrafx® FlowCharter™ 2003. One can extend or create own functionality using



Microsoft™ Visual Basic™ for Applications. Users can import and re-purpose Visio
2000 diagrams. Single-click Web publishing simplifies getting and keeping process
knowledge base online. Users can choose HTML or Java™ output

3.3.5 Discrete event simulation - AUTOMOD™ [9]

Automod™ comes together with a package called AutoStat™ that can evaluate all
kinds of model output. Data input is not very easy, at first. Information is stored at
different locations and this seems illogical, but while only using the correct system, it
is possible to change the data as capacity, times and size. Animation needs to be
updated separately and it might be that input values are overruled in the different
source files.

3.3.6 Discrete event simulation - MODSIM™ [9]

Modsim™ can come up with all kinds of output. There is the 'monitor' option at
disposal, that automatically discovers changes and can trigger methods during a
change. Modsim™ does not provide automatically output analyze tools.

Data can be read from files, databases, user input, dialog screens, popup menu bars
and much more. But nothing is default, everything should be created in ModSim™
code (or using some C++ code). Basic values in the source code will be compiled
and linked and are not subject of change during the simulation execution.

3.3.7 Discrete event simulation - eM-PLANT™ [10]
Input can be done using dialogs of different objects, or with advanced ways as web
pages and import from a database.
Entering data in the basic objects is easy. Besides data can be read from files,
reached from databases or even entered by web pages.
Active creation of a simulation model is possible whether it is from a database, a text
file or an CAD drawing.
Automatic build-up of the model, virtual reality presentations using real 3D solid
graphics, online changes, integrated internet access, ActiveX™ integration to take
advantage of the entire Windows-Office suite is possible. eM-Plant™ C-Programming
is an Interface which enables accessing to external c-programs.:
- eM-Plant ODBC is a program for linking an ODBC (open database
connectivity) -data base to eM-Plant™.
eM-Plant Socket provides an interface for the TCP/IP Interface in eM-
Plant™ and enables online communication between eM-Plant™ and
other applications.

eM-Plant™ SQL is an Interface to a SQL data base and enables bi-
directional data exchange between eM-Plant™ and SQL data bases.

3.3.8 Discrete event simulation — WITNESS™ [9], [15]

The basic elements have a lot of buttons and tabs at which parameters can be set or
control code can be added. Because of the large elements, complex models
presumably might become very large, without the direct needs [9].

WITNESS™ is an open system with input and output links to many different
packages, either through file formats or directly via OLE (COM object, ActiveX
options also available). A variety of data for example, from spreadsheet software or
any ODBC source, may be directly linked to drive your model e.g. yield rates,
process times or transport schedules. In addition, CAD layouts may be incorporated
to give a physical layout to your process. Direct links with FactoryCAD® take
integration one step further, directly creating a working model from the CAD layout at
the touch of a button. WITNESS™ results may be exported into numerous packages



thus enabling further analysis and presentation of results. WITNESS™ has many
different import and export formats including the following examples [15].

Fig.5 Import data possibilities in WITNESS [15]

3.3.9 Discrete event simulation —- SHOWFLOW™ [13]

Microsoft™ Excel™ connection for data output is possible (reports).

It is possible generally to dynamically link ShowFlow® model to a Microsoft® Excel®
spreadsheet for ease of data exchange.

3.3.10 Discrete event simulation — SIMUL8™ [16]

SIMUL8™ can automatically interface with many other software packages to bring
additional power or data or to create a user environment more appropriate to the end
user.

SIMUL8™ supports VISIO™ files so that VISIO™ owners can import
any flowchart they have created with VISIO™ 5 or above. The flow
chart is intelligently read by SIMUL8™ and converted to a simulation
of the process described by the flowchart.

SIMUL8™ can be extended by using Excel™'s macro language

(called VBA™) or Visual Basic™. You can use these extensions to
add features and control rules beyond the standard facilities provided
by SIMUL8™. You can also use Excel™ to simply store data to use in
your simulation.

Using the latest Windows™ standards SIMUL8™ COM™ can be used
to communicate with and control SIMUL8™ from other applications,
like Excel™, VBA™, VB™, C++, Delphi and any other ActiveX™
/ICOM™ supporting software. The ActiveX™/COM™ interface allows
SIMUL8™ to be referenced from within the code of a development



language and any aspect of the simulation can be completely
controlled.

Exchange (SDX) that allows these objects to be exported to
simulation software. In addition to importing SDX files, SIMUL8™ also
exports SDX files so that simulations created in SIMUL8™ can be
exported to other simulation systems that read SDX.

SIMUL8™ supports the XML standard. Export any SIMUL8™ file as
the XML format ready for editing in an XML editor or for import to
another application. Import any file saved as XML.

SIMUL8™ SQL allows SIMUL8™ to connect to any data source that
supports SQL, like Oracle, Sybase, Access and many others.
SIMUL8™ SQL is only available as part of SIMUL8™ Professional.
SIMUL8™ SQL allows SIMUL8™ Professional to connect to your data
source, read from it, write to it, and query it.

Import your flowcharts directly from iGrafx™ as a process or activity
steps

3.3.11 Discrete event simulation — FLEXSIM™ [17]

Wide range of direct import options for 3D models including 3DS (3D Studio), VRML,
3D DXF, and STL is possible. Flexsim™'s open architecture allows the user to link
with any OBDC data source for reading or writing of model data. Excel™ and Word™
files can be linked at real-time for data presentation.

3.3.12 Discrete event simulation — ENTERPRISE DYNAMICS™ [14]

One can export the raw data such as waiting times and throughput times to Excel™.
With the analyses options in Excel™ we can then determine e.g. averages.

Reading data from Excel™ is also possible: measured customer interarrival.

3.3.13 Discrete event simulation — EXTEND™ [19]
Integration of external data and applications into and out of Extend™ models is
possible. Automatic communication between Extend™ and other applications can
take one of five forms:
Paste-Link. where the information is automatically updated between
Extend™ and Excel™
Blocks that utilize functions to communicate directly with other
applications
ODBC (Open Database Connectivity)
Embedded ActiveX™ or OLE™ (Object Linking and Embedding)
objects
DLL (Dynamic-Link Library).

The popularity of interfacing models with other applications (especially Microsoft™
Excel™) makes these features powerful tools for model developers. Extend™
modellers do not have to program in an external language to communicate with
other applications. Instead, information can be transferred using standard
modelling components.



3.3.14 Discrete event simulation —- CORPORATE MODELLER™ [20]

In order for you to quickly pinpoint the information you require from your models,
Corporate Modeller™ provides Repository Reporter. This intuitive reporting interface
allows users to interrogate models for specific knowledge by simply clicking relevant
check boxes. Reports that are generated can also be exported as Microsoft™Excel™
or CSV formats.

3.3.15 Discrete event simulation — E-FACTORY ™ [21]

Factory CAD™ enhances AutoCAD™ and the AutoDesk™ Architectural Desktop™
product to deliver a complete factory design solution by providing a library of smart
objects that represent factory equipment and resources. Each object has both 2D
and 3D views

and incorporates key performance factors. This data, with the layout parameters, can
then be extracted from the Factory CAD™ layout for input to production simulation
tools through Factory CAD™'s simulation data exchange (SDX) format. All objects
within Factory CAD™ have SDX parameters (e.g., cycle time, scrap rate, load time,
unload time, breakdowns, setups, etc.) built into objects. Factory CAD™ also has the
ability to read an SDX file to update its objects. Tooling and product CAD data from
UG, Parasolid, VRML, or JT formats can be imported as a smart factory object.
Layout drawings and other associated factory equipment drawings may be supplied
in a variety of formats. The common file formats for factory engineers are AutoCAD™
.dwg, .dxf and .dwf; and Microstation native CAD file formats. Also, Factory CAD™
can read and write JT files so that Factory Mock-up™ can be used to visualize the
factory model. Being able to output standard file formats is beneficial as well.

3.3.16 Continuous simulation - APROS [2]

Operator training is one of the primary applications of dynamic process simulation.
One interesting and often fruitful approach is to connect process simulator e.g.
APROS™ with an automation system. This approach provides several advantages
for training simulator users. However, requirements for connecting a large model and
automation system are application specific and potentially demanding in terms of
number of I/O and the frequency of data exchange. Requirements for interactively
observing and collecting data for analyzing purposes are typically much easier to
fulfil.

APROS™ provides two ways for exchanging run-time data between external applica-
tions: an OPC Data Access server and a TCP/IP-based proprietary communication
mechanism APROS™ Communication Library (ACL) (Fig. 6).
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Fig.6 APROS External Communications [2]

ACL provides means to transfer data and commands to APROS™ simulation engine.
It can be used in every platform that APROS™ is running. The performance of ACL is
sufficient for almost every purpose. The main drawback is that the usage of ACL
requires programming and there are not any kinds of engineering tools for making
data connections. The alternative in Windows platform is utilizing the OPC (OLE for
Process control) Data Access server. OPC is a popular data exchange standard in
Automation industry and supported by almost every automation system. Also (dy-
namic) simulation platforms often support OPC Data Access standard. The perform-
ance of APROS™ OPC DA server is optimized for the purposes of transferring large
amount of data, but it is not as good as in ACL-based solutions. However, perform-
ance tests and practical experience have shown that the performance is reasonable
for most uses and use cases. Several visualization tools that utilize OPC DA are
available and no programming is needed. The main drawback of using OPC is its
platform dependency. OPC specifications are directed for real time applications so
standardized support for non-real-time simulation is lacking as well. One problem is
also that the performance of different OPC products varies quite heavily. This is due
to the fact that the main usage of OPC in automation industry typically doesn’t set
high requirements for the scalability of the data exchange.

APROS™ models can be exported in a format specified in APROS™ Specification
Language (ASL). This textual model description is mainly used to transfer models
between different versions of APROS™. Textual model file could even be used to
transfer model description with other applications. This has not widely been utilized in
practise and is not designed for this kind of purposes. During modelling and
simulation sessions, the model is saved in a binary format. Textual ASL files can as
well be used configuring models and establish simulation sessions. Graphical
descriptions are not included to this data format and there is not thorough textual
representation of graphical objects of a model.



3.3.17 Continuous simulation / Robotics - Robotics - MATLAB™ / SIMULINK™
[11]
Built-in interfaces let quickly access and import data from instruments, files, and ex-
ternal databases and programs. In addition, MATLAB™ lets users integrate external
routines written in C, C++, Fortran™, and Java with MATLAB™ applications. There is
possibility to integrate with external applications comprised of C, C++, Fortran™,
Java™, COM™ components and Excel™ [11].
File formats and I/O support:

Many popular graphical files formats, such as JPEG, TIFF

Reading data from standard applications, such as Excel™

MAT-file (MATLAB™ data file) format support for storing MATLAB™

variables and related information
Built-in low-level I/O functions for reading and writing proprietary and custom binary
formatted data.
Users can directly access the entire numeric, graphics, and programming capabilities
of MATLAB™ from Simulink™. For example, users can run simulations either interac-
tively, using the Simulink™ graphical interface, or systematically, by running in batch
mode from the MATLAB™ command line. MATLAB™ commands can also be used to
load and process model data and parameters, and visualize results.

3.3.18 Robotics - PRO/ENGINEER™

The tool interoperates with another software tools, Pro/Mechanica™, that allows
dynamic simulations of the produced model. It also allows researchers to test and
thereby optimize designs for structural, dynamic, thermal and durability performance.
This, in return, minimizes physical prototyping, increases creativity and helps deliver
better products in less time.

It also has the ability of converting the individual component files into formats suitable
for producing physical prototypes.

Use of information/data produced within Pro/Engineer™ into Matlab™ is possible.

3.3.19 Robotics - IGRIP™ [10]

Most mechanical CAD databases are supported by IGRIP. Natively use CATIA® or
Unigraphics data within IGRIP. Other direct CAD interfaces are available for
IDEAS®, Pro/ENGINEER® and CADDS5™. Neutral translators include IGES, DXF,
DWG,VDA, DES, STL, and STEP. Built-in 3D CAD and 2D draw environments are
available with IGRIP and can be used alone or in conjunction with imported geometry
from IGES and DXF.

3.3.20 Robotics - eM-WORKLPACE™ [12]

eM-Workplace™ fully integrates with most industry MCAD systems, including native
data from CATIA™, Unigraphics™, Pro/Engineer™, IDEAS™, CADDS5™, direct
CAD interfaces or neutral formats such as IGES, DXF, VDAFS, SET, STL, and
STEP.

ROBFACE™, a Tecnomatix™-neutral data exchange format, enables the
implementation of any kind of dedicated CAD interface.

Interoperability with CAD data models enables the verification of the product together
with the manufacturing process.



3.4 Summary

The table 2 and 3 show the summary of the benchmarking.

spreadsheets (model control
parameters only, not entire model)

Simulation tool Area Data exchange ability Integration ability
with other tools
ARENA™ VBA™ interface, other products of
Excel™ spreadsheet (entire model), |the same vendor
coM™ interface,
EM-PLANT™ CAD, other products of
(formerly SIMPLE++™) databases, the same vendor
text files (input data, entire model
generation),
COM™ interface,
SHOWFLOW™ Excel™ spreadsheet (input — model | none
(formerly TYLOR II™) control data only, output — reports)
ENTERPRISE Excel™ spreadsheets for read-
DYNAMICS™ ing/writing model data to control the
(formerly TAYLOR model
EDTM)
AUTOMOD™ CAD, other products of
text files, the same vendor
c |databases,
-g spreadsheets (model control
8 | parameters only, not entire model)
MODSIM™ E Specified code interface (nothing none
‘% | default at disposal)
EXTEND™ = | Excel spreadsheet interface none
simMuLg™ © | Visio "/IGRAFX™ flowcharts, Visio™,
© | Excel™ spreadsheet, FACTORYCAD™,
% VBA (input of control data), other tools which
5 | SDXfiles (entire simulation read SDX files
© |model), (WITNESS™),
0O | coM™ interface, IGRAFX™
XML interface for input/output model
files,
SQL databases
FLEXSIM™ none
PROMODEL™ Excel™ spreadsheet (entire model) |other products of
the same vendor
QUEST™ CAD, other products of
text files, the same vendor
databases,

IGRAFX™ PROCESS™

databases (entire model),
VBA™ interface

other products of
the same vendor,
for example Visio
flow charts can be
imported

Table 2 Summary of the benchmarking




Simulation tool Area Data exchange ability Integration ability
with other tools
WITNESS™ . |CAD, FACTORYCAD™
S Excel™ spreadsheet,
3 .O | databases (input control data to model
o © |only)
CORPORATE ® 3 |Output as Excel™ spreadsheets or none
MODELLER™ g £ | CcsV formats (reports only)
e-FACTORY™ ra) “ 'CAD models, other products of the
SDX data same vendor
APROS™ OPC interface (control data), none
v  |specified ACL interface (control data),
S S | ASL interface (entire model without
2 © |graphical data)
MATLAB™ / = 3 |[MATLAB™ data file, none
SIMULINK™ S E | Excel™ spreadsheet,
O ?|c, C++, Fortran™, Java™,
COM™ interface,
MATLAB™ data file, none
MATLAB™ / Excel™ spreadsheet,
SIMULINK™ C, C++, Fortran™, Java™,
coM™ interface,
PROENGINEER™ MATLAB™, other
n products of the same
2 vendor
IGRIP™ S |CAD data In sense, if other
o simulators can gener-
o ate CAD models
readably by IGRIP™
eM-WORKPLACE™ CAD models In sense, if other
(formerly ROBOCAD™) simulators can gener-
ate CAD models
readably by the tool

Table 3 Further summary of the benchmarking

All benchmarked tools give the opportunity to import and export data from or to dif-
ferent sources, but mainly to certain extent only. Some tools offer integration possi-
bilities with tools of the same vendor and some (but only few of them) with tools of
other vendors (e.g. WITNESS™ offers interface to FACTORYCAD™). Some tools
are able to export or import the entire model data (ARENA™ (Excel™), IGRAFX™
PROCESS™ (Excel™), SIMUL8™ (using SDX files), APROS™) mainly to port it to
another simulation work place. Only partly integration with tools of other vendors
were noticed (e.g. importing flowcharts, CAD data). No tool offers links to statistical
tools of other vendors.

Generally the integration between simulation tools is very limited and users have to
develop special software to interface with the package, if they want to access output
data from one tool and import them to the tool, they use.

With regard to the issue of data exchange between simulation packages that are ap-
plicable to robotics, we reckon that it would be extremely beneficial to both mechani-
cal designers and control systems synthesizers if mechanical simulation models de-
veloped in Pro/Engineer™ environment can be influenced by control algorithms de-



veloped within Matlab™ in the same way as simulation models from Pro/Engineer™
can be integrated in Matlab™ for operational analysis.

5. Conclusions

The MDST survey results say, data exchange between simulation tools is difficult
with current tools. The information proved also the benchmarking done on the most
used simulation tools.

To answer the pointed question completely, additional detailed research should be
done. The research should regard:

the ability of tools to export, import the entire model data (using
Excel™ spreadsheets (flow-chart based tools), SDX files (3D
graphical tools), XML files). How much are the formats universal, that
other tools could use it as the starting point for simulation analysis?
Can SDX format be used by flow-chart based simulation tools (not
only 3D graphical tools)?

the ability to build model from other applications using DLL or
ActiveX™/COM™ technology. In that way a model can be controlled
from other applications. Would it be the way to choose from the best
abilities of tools existing on the market and integrate them into one
tool, needed to solve a particular problem?

Following the MDST survey results, there is a strong consensus that changing differ-
ent kind of data between various modelling and simulation tools would be helpful.
Co-use with other engineering tools is not as well supported and benefits of simula-
tion would be greater if integration with other engineering work would be better.

Therefore the way forward for the research community is:

to make software companies aware of the existing limitations and
draw their attention to the great benefits to their respective customers
if they can collaboratively foster strategies that will make their
software packages interoperable,

to suggest an universal data exchange format (e.g. XML format) for all
possible application areas (discrete, continuous, robotics) for 3D
graphical as well flow-chart based tools especially regarding model
data and input information to control the developed simulation model.

The conclusions of MOTTO Working Group are close to conclusions, which can be
found in [22] as needs for:

1. Better and tighter integration of simulation software with other industrial
software for the purpose of easy exchange of data. CAD, ERP/MES, WMS,
and MCS come to mind.

2. Tighter integration of simulation software with control systems and controls
emulators, to test controls at the MES/WMS and MCS/PLC levels before they



are implemented. These can drastically reduce testing and debugging in the
field.

3. The development of simulation-oriented interchange standards. Possibilities
include SDX and XML for simulation objects. DXF is already there for CAD
import, but others will emerge.

4. Windows user interface development has long been component based.
Simulation needs something similar. This is not the same as object-oriented a
la C++.

5. Virtual reality will become more prevalent.

The conclusions of MOTTO Working Group are also close to conclusions, which can
be found in [23] as needs for improvements, which are desirable in the following
areas:

Ease-of-Use,

Reusability,

Scalability,

Interoperability/’Plug-In” Support,

Productivity,

Supporting Component-Based Modelling,

Building Libraries of “Canned Models”

Integrating Simulation Software with: Databasea, Supply Chain Software,
ERP Software.

Following [22] the MOTTO Working Group it can be stated, that:

Simulation will be customer-driven and market-based. Anything out-
side this will go nowhere as far as commercial applications and use by
practitioners are concerned. The market is demanding easier devel-
opment and usage of models at the same time as it demands more
functionality and greater accuracy. Faster and easier to develop,
faster and easier to modify, and customized to the customer’s indus-
try, even to the customer’s applications.

Simulation software tools will continue their integration with other tools
to form tool suites. These other tools may be spreadsheets, statistical
analysis software, mathematical optimizers, pattern recognition and
artificial intelligence tools, programmable logic designers, ergonomic
analysis software, robotic software, or process flow layout and analy-
sis tools. Increasing understanding and prevalence of object-oriented
software design and programming methods significantly assists the
integration of traditionally stand-alone simulation tools with these
correlative analytical tools.
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7. Appendix
7.1 Survey: Modular Design of Simulation Tools

Brief introduction

Tools for modelling and simulation are often results of development done during a
decade or two. Partly because of this, modelling languages and tools do not
necessarily support concepts that allow modular structure of simulation models.
Modular and hierarchical modelling approach leads more robust models and en-
hances the model-reuse. Hence it is viable to develop simulation models using
modular object oriented convention.

Ability to flexibly exchange data between various simulation tools of different vendors
would open up interesting new possibilities. Best tool for each modelling task could
be used and user’s dependency of a single vendor would decrease. This kind of
inter-operability requires flexible data exchange interfaces between simulators.

Usage of modelling and simulation in daily engineering work requires that simulation
tools seamlessly inter-operate with various other engineering applications. Open data
formats and modular designs are also keys to enable external connections. Better
connectivity opens up interesting new application areas.

This brief questionnaire collects use-experiences about modular design of simulation
models. Ability to exchange data between different simulators and other engineering
applications are also investigated. We would appreciate if you would have few
minutes time to answer these questions. This helps to direct forthcoming research
efforts.

We have defined some claims that you should read and then evaluate do you agree
or disagree. If you completely agree the statement, select STRONG YES. If you
completely disagree, then select STRONG NO. If you don’'t understand a question,
please select DO NOT UNDERSTAND. There are also mediate ways of answer like
MODERATE YES and MODERATE NO if you are not deeply convinced.



General questions

1. What simulators and modelling packages are you using? Mark also how often do
you use these tools (daily, regularly a few times in a month, occasionally).

daily
regularly
a few times in a month

occasionally

daily
regularly
a few times in a month

occasionally

daily
regularly
a few times in a month

occasionally

daily
regularly
a few times in a month

occasionally

daily
regularly
a few times in a month

occasionally

daily
regularly
a few times in a month

occasionally




2. How long have you done modelling and simulation?

Building simulation models in modular way

Introduction: Modular approach in modelling leads to a better structure of overall
model. Well-defined sub-models facilitate the testing of simulation model and may
lead better reuse of sub-models in forthcoming simulation projects.

1. Current modelling tools that you are using support modular-based modelling well
enough for your purposes. Integration of sub-models to overall model is easy.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND

2. Object-oriented working methods (like inheritance, support for data hiding and
encapsulation) are well supported in modelling software you are using.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND

3. You have been able to re-use your existing model components in subsequent
projects that have been done with the same simulation package.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND



Data exchange between various simulation tools

Introduction: A single simulator may not always provide satisfactory tools for
modelling the most challenging phenomena. Using best possible tool to model each
sub-problem leads to more accurate overall model and provides more
comprehensive simulation results. This kind of co-use of various simulation products
requires flexible ways to exchange data between simulation tools.

1. You find it beneficial to use more than one simulation package to solve complex
modelling problems.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND

2. Your experiences have shown that using more than one simulator to solve a single
problem can be very tedious and time consuming.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND

3. Exporting simulation model from modelling and simulation tools is easy enough.
Model structure is clearly documented and the structure of model is easy to
understand. Exported model is well-defined (e.g. using XML-based format) and
documented.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND

4. In your opinion it makes sense and would be helpful to be able to exchange data
between various modelling and simulation tools.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND



Using simulators with other applications and
exchanging data between them

Introduction: Usage of existing data, created e.g. by using CAD programs, can
fasten the parameterization and configuration of simulation models. Combining
simulation with other engineering tools may generate new interesting application-
areas and broaden the potential benefits of modelling and simulation (One example
is simulation assisted automation testing).

1. Simulation results can easily be exported to data analyzing and illustration
applications you are using.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND

2. Simulation and modelling tools support the co-use with other engineering software
you are using (like CAD programs) well enough. Because the structure and the
format of models are well defined and documented, you find it easy to make
connections between simulators and other engineering applications.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND

3. Modelling and simulation is currently a distinct engineering area. Simulation aided
working methods are not tightly integrated in your daily engineering work.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND

4. The benefits of simulation would be greater if simulation could be integrated tighter
to other engineering work you are doing.

STRONG YES

MODERATE YES

DO NOT HAVE AN OPINION
MODERATE NO

STRONG NO

DO NOT UNDERSTAND



7.2 Results of the survey: Modular Design of Simulation Tools

The results of the web survey are presented in table 4.

Building simulation models in modular way
Question 1
Question 2
Question 3

Data exchange between various simulation tools
Question 1
Question 2
Question 3
Question 4

Using simulators with other applications
and exchanging data between them
Question 1

Question 2

Question 3

Question 4

Table 4 Results of MOTTO web survey
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