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ABSTRACT

This article describes the concept of a knowledge-based
assistant (MASTER) for speeding up simulation
projects. It is able to simulate and optimise whole
enterprises of the types: discrete part-manufacturing,
continuous  process-manufacturing and  service-
companies. It consists of well proven, powerful
software-packages, all of them are commercially
available. These are the expert-system building tool
"KEE", the simulation language "SIMSCRIPT", the
animation-package ~ "SIMGRAPHICS" and the
spreadsheet-package "LOTUS-123". The packages are
embedded in a UNIX environment. At present, this
system is being developed and carries the name
MASTER which stands for "Muttenzer Assistant for
Simulation Tasks with Expert Reasoning".

1 INTRODUCTION

In general, an enterprise can be modelled as consisting
of three kinds of flows and their relationships: the
material-flow, the information-flow and the value-flow
(money-flow). In order to simulate, analyse and
optimise an Enterprise-System you must be able to
model these time-dependent flows and all the
appropriate relationships.

One step in a simulation-project is the use of a
simulation software which is able to handle the
complexity of the Enterprise-System. In order to
achieve a high modelling flexibility and also a low
modelling difficulty, our approach was to combine a
powerful general-purpose simulation language with an
expert-system. The knowledge-based interface makes it
user-friendly and allows a graphical model-
construction. This approach led to a design concept
consisting of a) a simple and powerful modelling
technique and b) the system concept of MASTER.
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Today, the CIM-Zentrum Muttenz (CIM Center) has
three main tasks: Consulting & Know-how transfer, the
Education of students in a 1-year Post-Graduate study
and Research & Developments in the area of
Enterprise-Simulation.

The idea of having a model of an enterprise to train
people on CIM-Concepts came up in 1989. It was clear
that only software-based simulation models would be
flexible enough to make the processes and relationships
of an enterprise understandable. After that, several
simulation packages and simulation languages were
tested but no tool could meet all the requirements such
as a user-friendly interface, graphical based modelling,
powerful modelling capabilities almost unlimited in
size and complexity, animation of the whole enterprise
and it's sub-systems, avoiding the use of programming
languages (Pascal, Fortran, C, ...) , software-portability,
and so on. Therefore, we decided to develop a
simulation assistant based on a well-known and
powerful general-purpose simulation language.

2 IMPORTANT ASPECTS OF AN ENTERPRISE

An enterprise is a dynamic system, where some work
has to be performed and material, information and
money is involved. Therefore, our main interest is in
the material-, information- and value-flows and their
relationship with one another which defines the system.
It does not make a difference if you deal with a part-
manufacturer, process-manufacturer or a service
company.

The simulation output can give you indications of:

- bottlenecks in the system

- the effects of changes in the organisation
structure

- the effects of interruptions (machine,
manpower, supplier, ...)
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- throughput

- production time and terms of delivery

- productivity

- waiting times

- production costs

- work-in-process

- buffersize and inventory

- utilisation of resources

- synchronisation of the flow of material and
information

In order to optimise the enterprise, you have to define
and modify parameters based on given results.

3 THE SYSTEM CONCEPT OF MASTER

An advantage of a simulation language is it's modelling
flexibility but you have to be a simulation expert in
order to be able to use it. No graphical support is given
when you set up models with a wordprocessor. This can
be tolerable for an expert, but for a novice it is not.

MASTER consists of four basic-packages: An Expert-
System, a Simulator, an Animation-Package and a
Spreadsheet program (Figure 1).

r USER-INTERFACE |

ENTERPRISE [
MODEL |

SIMULATION MODEL

OPTIMISATION PARAMETERS

| RESULTS |

Figure 1: The system "MASTER"

The Expert-System implements our modelling
techniques and allows you to create the enterprise
model graphically. Then it writes the simulation model
in SIMSCRIPT code like a human expert would have to
do manually. All the items required will be defined
including the statements for the animation.

The Expert-System knows the rules and methods as
well as the syntax, exceptions and specialities needed to
write a verified model.

Next, the simulator compiles the model, simulates it

and drives the animation package SIMGRAPHICS
which shows how objects move through the system of
interest. A spreadsheet program takes charge of the
results and prepares them for accounting as well as for
presentation-graphics with plots, pie-charts, some
statistics etc.

Another task is the optimisation of user-defined
parameters. Simulation results can take a loop back to
the expert-system which analyses the data and varies
optimisation-parameters controlled by special rules and
methods. The simulation repeats as many times as
necessary in order to find an optimum.

4 THEMODELLING CONCEPT OF MASTER

One important requirement for the modelling technique
is that it must be simple. This means that it is easy to
understand on the one hand and easy to learn on the
other. Therefore, a 3-level approach is used (Figure 2).

stesl-Queve

walit 10 minutes

if material(part) = "steel*
file part last in steel-Queue
eise

actvate a milling-process giving part now
always

add 1 to partcounter

Figure 2: The 3-level modelling concept of MASTER

The first level is called Process-Network; it lets you
create the system via modified DataFlow Diagrams.
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The intention is to split up the system in Processes and
Queues whereby several layers of detail are allowed.
The purpose of the layers is for information hiding and
not for pure hierarchical modelling. The elements for
the construction of the Process-Network are shown in
Figure 3.

self-running, active Process

driven, parallel Process

timeless Event

0

——————> immediate-flow
@ ———> dolayed flow

O Queue, Buffer
L Resource

Figure 3: The seven elements for the Process-Network

There are two kinds of processes, a self-running process
called "active process” and a driven process called
"parallel process”. For timeless tasks the "timeless
event" is introduced. Further, you have the Queue or
Buffer as a passive element where objects can wait for
an unpredictable time. The connection always has a
flow-direction and can be immediate or delayed.

And, since frequently used, you have a special symbol
for Resources. There are no restrictions on how to put
these elements together.

The second level is called Process-Specification. You
have to describe exactly what happens in the Processes,
Events and Queues. This defines the control logic and
all the conditions and strategies of the modelled
enterprise. The description is an "English like"
language whereby the expert-system gives a choice for
process-related functions, object-related functions,
value-related functions, information-related functions
and functions for control-structures (Figure 4). The

descriptions are structured like Action-Diagrams (see
also Figure 7) .

The third level is called Model-Dictionary and works as
a datadictionary (Figure 5). This part helps you to
define and find out all the meanings of your elements,
names, variables, attributes, parameters and other data.

Process-related functions:

create, activate, suspend, interrupt, resume, wait,
work, resource-request, resource-relinquish,
destroy,...

Entity/Object-related functions:
create, file, remove, perform, destroy, ...

Value-related functions:
arithmetic functions, algebraic functions, boolean
functions, analytical functions, statistical functions

Information-related functions:
define, let, find, compute, call, schedule, cancel,
read, write, print, ...

Control structures:
condition, selection, iteration, sequence
(If-else-always, select-case, do-loop)

Figure 4: Functions for the Process-Specification

ENTITY: part

ATTRIBUTES:
MATERIAL: toxt (steel or aluminum)
PRICE: real 0..3500)
PART_NUMBER: integer (6-digit number)

Figure 5: Example of the Model-Dictionary

There are only two requirements for a successful
modelling of an enterprise within this concept:
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Every single element used to model the system
must be known and you must be able to
describe it in detail (think of the Process-
Specification)

The relationships between the processes must
be known and you must be able to associated
with one another (think of the Process-
Network).

Normally, the objects moving through the network of
processes are passive. The processes push and pull them
through the network. It is possible to give the objects
some attributes of type real, integer, text, pointer, array
as well as queue and process. The last case is of special
interest because it makes the object active. For example,
if an object has to change it's priority, it's process can
do this on it's own and based on it's own strategy.

There are no limits concerning size or complexity of the
model - the enterprise can be as complex as you want.

The only requirement is that you must be able to
describe your system. You are supported by a three-

Files ModelDict ProcessNetw

Net-Planning

PURCHASE|

SUPPLIER

PLANNING

Net-Production

—

Net-Receive

PRODUCTION Ek

Display

level approach: Process-Network, Process-

Specifications and a Model-Dictionary.

5 THE COMPONENTS OF MASTER

All the packages in MASTER are installed on the
operating system UNIX and the window system X-
WINDOWS.

5.1 The Expert System

The expert-system building tool KEE (IntelliCorp,
USA) is used for the construction and operation of the
expert-system. It is one of the most powerful and
successful Al-Systems on the market. The software kit
is based on the Al-language LISP.

KEE consists of two main components, the KEE
Language for the construction of the knowledge base
and the KEE Support Environment for the run-time
support.

Control Select Help

Net-Deliver
Net-Client

CLIENT

CLIENT
PAY

Figure 6: User-interface for the Process-Network (all Sub-Networks opened) illustrated in an example
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As already mentioned, the expert-system has three main
tasks: the graphical and knowledge-based support for
the model construction, the source-code generation and
the optimisation of model-parameters.An example of a
Process-Network and a Process-Specification is given in
Figure 6 and Figure 7 to illustrate the user-interface
provided by KEE and LISP.

5.2 The Simulator

The general purpose simulation language SIMSCRIPT
I1.5 (CACI, USA) is used for the simulation task. It has
an "English like" freeform syntax, is easy to read and is
almost self-documented. SIMSCRIPT is well-known for
its powerful data-structures and the ability to handle
large and complex process-oriented models. Although it

ProcessSpec

Simscript

PROCESS SCAN

Define .object as a pointer variable

EN

CardPictures

create an object called .object

let lotsize(.object) = 75

loop

is a discrete-event simulation language, it has some
features for continuous simulation.

SIMSCRIPT has a very good portability and is available
on a wide range of hardware-platforms and operating
systems.

The SIMSCRIPT package also contains support-tools
like the DATAGRAPH for the analysis of output-data
and SIMGRAPHICS for the animation and the
construction of user-defined menus, input-forms, icons,
layout-drawings and (dynamic) presentation graphics.
A debugger and various interfaces to other
programming languages and I/O devices are also
provided.

Window Select Help

if N.QSTOCK < 30

activate a Planning giving .object now

wait scantime.long units

else

destroy object called .object

wait scantime.short units

always

Figure 7: User-interface for the Process-Specification illustrated in an example
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§.3 The Animator

The animation package SIMGRAPHICS (CACI, USA)
is applied to the visualisation of the dynamic behaviour
of the system. You can get moving objects as well as
dynamic presentation graphics (levels, plots, pie-charts,
histograms, clocks and traces). The concurrent
animation is driven by SIMSCRIPT. It is also possible
to record an animation and play it back by using the
tool SIMREPLAY.

There is no programming effort for the construction of
menus, icons, layouts and forms. Whenever needed, a
printout can be produced via a postscript interface.
SIMGRAPHICS has the same portability as
SIMSCRIPT.

5.4 The Spreadsheet

The business-package LOTUS-123 (Lotus Corporation,
USA) is mainly used for the accounting of a simulated
enterprise. This package is well known on personal
computers. The UNIX version does not differ in
functionality from the version used on personal
computers and is therefore not further described.

6 PRACTICE & EXPERIENCES

The modelling-concept of MASTER has been
successfully applied to several simulation-projects
within small and medium sized Enterprises in
Switzerland. We often experienced the fact, that
employees from enterprises described their system as a
form of connected boxes even if we did not say what
type of model-description they had to use. It is not a
difficult task to extend such models to a Process-
Network and its Process-Specification - just ask where
the (forgotten) Queues are and request a detailed
process-description in form of a protocol. In obstinate
cases, an interview technique will help.
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