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This paper presents a comparative evaluation of ten well
known and widely used packages for manufacturing
simulation. These packages have been evaluated on the
basis of various case studies in a real and hypothetical
manufacturing environments. Following an evaluation
and comparison, the suitability of packages for specific
purposes is determined.
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1. Introduction

Simulation modelling of manufacturing sys-
tems has acquired wide acceptance by academic
and industrial simulation specialists as a tool
used for the design of new manufacturing sys-
tems and for improving the operations of ex-
isting ones. An increasing popularity of sim-
ulation is reflected by a growth in the number
of simulation languages and simulators on the
software market. New products are constantly
being released on the scene, whilst the existing
ones are regularly being improved. In general,
simulation languages are becoming easier to use
and simulators are capable to address a wider
class of manufacturing problems (Law and Mc-
Comas, 1992).

This paper presents an evaluation and compar-
ison of ten widely used simulation packages
especially designed for manufacturing applica-
tions. The evaluation is not performed in order
to discover which is ’the best’ package, because
such a term does not exist in the context of sim-
ulation software as they are constantly revised.
The evaluation presented in this paper was pri-
marily performed to determine the suitability of
each simulator for different software purposes.

Subsequently of a review of previous research
studies in simulation software evaluation, eval-
uated packages are briefly introduced, as well
as an evaluation framework used for their eval-
uation and comparison. On the basis of the
evaluation, a method of rating packages is pro-
posed. The suitability of the evaluated pack-
ages for different purposes is determined and
discussed. The conclusions outline the main
findings derived in this research. The lines for
further research are addressed.

2. Background Research

The research presented in this paper was initi-
ated by the review of the previous studies on
evaluation and comparison of simulation soft-
ware tools. This review has revealed that al-
though there are many studies that describe the
use of particular simulation language or sim-
ulator (eg. Taraman (1986), Bollino (1988)),
there are very few comparative and critical eval-
uations.

Some of the studies related to evaluations of
simulation languages include: a structural and
performance comparison between SIMSCRIPT
I1.5 and GPSS V by Scher (1978); an efficiency
assessment of SIMULA and GPSS for simulat-
ing sparse traffic by Atkins (1980); and a quan-
titative comparison between GPSS/H, SLAM
and SIMSCRIPT IL.5 by Abed et al. (1985).

SLAM, ECSL and HOCUS have been used
by Ekere and Hannam (1988) for the evalu-
ation of event, entity and process-based ap-
proaches to modelling and simulating manufac-
turing systems. Several criteria describing pro-
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gramming features, model development char-
acteristics, experimental and reporting features,
and commercial and technical features were
specified.

The main characteristics and building blocks
of AutoMod II, ProModel, SIMFACTORY I1.5,
WITNESS and XCELL+- are described by Law
and Kelton (1991), though with a limited criti-
cal evaluation based on a few criteria. Likewise,
Carrie (1988) presents features of GASP, EX-
PRESS, GENETIK, WITNESS and MAST, but
again without an extensive comparison.

Tedford (1991) reports on a comparative evalua-
tion of SIMFACTORY and Siman/CINEMA by
modelling an automobile assembly line. SIM-
FACTORY was considered as more user-friendly

and easier to learn than Siman/CINEMA. Siman-

/CINEMA had better animation, running speed,
simulation versatility but poorly designed man-
uals.

Banks et al. (1991) evaluate SIMFACTORY
IL.5, XCELL+, WITNESS and ProModelPC
by modelling two manufacturing systems. The
main results of the evaluation revealed that SIM-
FACTORY II.5 and XCELL+ did not have ro-
bust features, while WITNESS and ProMod-
elPC had most of them. Such conclusions were
obtained on the basis of twenty two criteria.

A simulation software survey and evaluation
is carried out by Law and Haider (1989) on
the basis of information provided by vendors.
Both simulation languages and simulators such
as FACTOR, MAST, WITNESS, XCELL+ and
SIMFACTORY IL.5 are included in this study.
Instead of commenting on the information pre-
sented about the software, the authors conclude
that there is no simulation package which is
completely convenient and appropriate for all
manufacturing applications.

An analysis of the studies in simulation soft-
ware evaluation and comparison shows that sev-
eral evaluation studies are based on information
provided by vendors, and lack any criticism. It
seems likely that many authors did not have an
opportunity to test all the software tools con-
sidered and use them for developing complex
models of real systems. Though some of the
evaluation studies consider WITNESS, SIM-
FACTORY, XCELL+ and ProModelPC, none
of these evaluations and comparisons is com-
prehensive nor do they include evaluation of

INSTRATA, Taylor II, Siman/CINEMA, Mi-
croSaint and AUTOMOD II.

3. Simulation Software Evaluation:
the Evaluation Framework

This research deals with an evaluation and com-

parison of the following ten packages dedi-

cated to manufacturing simulation: WITNESS,

SIMFACTORY IL.5, INSTRATA, AUTOMOD

II, XCELL+, Taylor II, MicroSaint, Siman/-

CINEMA, ProModelPC (Windows version) and

ProModelPC (DOS version). Appendix A shows
which versions of simulators under considera-

tion were evaluated.

Evaluation has been carried out on the basis
of various case studies. The main case study
relates to an automated system for electrostatic
powder coating of metal components in an elec-
tronics company operating in the United King-
dom. Detailed description of this case study is
provided in (Hlupic and Paul, 1994). Other case
studies involve modelling of various hypotheti-
cal manufacturing systems, most of which were
derived for teaching on the MSC in Simulation
Modelling course ( Paul and Hlupic, 1994). A
variety of features that had to be modelled (such
as assembling machines, conditional routing,
conveyors and labour requirements modelling)
provided a good basis for the evaluation of sim-
ulation packages under consideration.

Evaluation performed in this research is based
on the evaluation framework derived by Hlupic
(1993). This framework comprises more than
330 criteria grouped into 17 groups. These
groups include:

1. General Features

Criteria included in this group describe gen-
eral features of the package. Most of these
criteria relate to modelling aspects such as the
type of formal logic needed for modelling (if
any), modelling flexibility, the level of mod-
elling transparency etc. There are also some
criteria that evaluate the level of experience and
formal education in simulation needed from the
user, and examine how easy it is to learn and
use the package.

2. Visual Aspects

Graphical presentation of simulation models
and animation of simulation are very important
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characteristics of simulation software. Crite-
ria included in this group concern the type and
quality of graphical facilities provided by the
package. These criteria evaluate, for example,
whether it is possible to perform animation of
simulation experiments, the types of animation
provided by the package (eg. 3-dimensional
animation), and whether it is possible to manip-
ulate icons.

3. Coding Aspects

The possibility of additional coding might be
very important feature of a package, as it de-
termines the flexibility and robustness of the
software, which is especially valuable when
complex systems are to be modelled. Criteria
included in this group determine whether the
package allows additional programming, if ac-
cess to the code is possible, the characteristics
of the added code, the programming concepts
supported etc.

4. Efficiency

Criteria classified in this group determine the
effectiveness and the power of simulation soft-
ware. Efficiency is expressed both by the capa-
bility of the software to model a variety of com-
plex systems and by the characteristics which
can save the time needed for modelling and im-
prove the quality of modelling such as model
reusability, reliability, compilation time, execu-
tion time and multitasking.

5. Modelling Assistance

Criteria systematized in this group evaluate the
type and level of assistance provided by the
package during modelling. For example, these
criteria examine the comprehensiveness of
prompting, on-line help if it is provided, auto-
matic data editing, whether the package enables
modular model development and writing the
documentation notes (this feature enables writ-
ing documentation concurrently with the model
development), and whether the model and data
can be separated.

6. Testability

This group comprises criteria that examine which
facilities for model verification are provided by
the package. These facilities include quality of
error messages, displays of the values of logi-
cal elements such as functions and variables, the

possibility of obtaining special files for verifica-
tion such as list, trace and echo files, provision
of step function etc.

7. Software Compatibility

These criteria evaluate whether the package can
be interfaced to other software systems (such
as statistical packages, spreadsheets, and CAD
software) in order to exchange data with these
systems. This feature can considerably enhance
the capabilities of the package, especially when
complex real systems are modelled.

8. Input/Output

Criteria included in this group investigate how
the user can present the data to the package and
the type and quality of output reports provided
by the package. These criteria evaluate, for ex-
ample, whether the package has a menu driven
interface, whether static and dynamic output re-
ports are provided, if summary reports for mul-
tiple runs and snapshot reports are available and
how understandable these reports are.

9. Experimentation Facilities

Criteria classified in this group evaluate the va-
riety and characteristics of experimentation fa-
cilities (such as multiple runs, accuracy checks,
automatic determination of run length and speed
adjustment). These facilities are required for
improving the quality of simulation results and
for speeding up the process of designing exper-
iments and of the experimentation itself.

10. Statistical facilities

Due to the randomness that is present in the
majority of simulation models, good statistical
facilities are very important. Criteria included
in this group examine the range and quality of
statistical facilities (such as theoretical and user-
defined statistical distributions, output analysis,
random number streams, Goodness-of-fit tests
and antithetic sampling) provided by the simu-
lation package.

11. User Support

The criteria in this group evaluate the type and
quality of user support provided by the software
supplier, which can facilitate learning and us-
ing the package. These criteria not only include
technical support in the form of documentation,
demo disks etc. They also include a variety
of services (such as user groups meetings and
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user help-line) provided by the software sup-
plier which ease the use of the package and
keep the user informed about plans for future
software improvements.

12. Financial Features

Criteria included in this group examine features
of the package related to its costs and technical
characteristics. Some of the issues considered
here are: how expensive it is to purchase a cer-
tain package, to install and maintain it, whether
any additional hardware would have to be pur-
chased for installation of the package etc.

13. Pedigree

Criteria in this group refer to the origin of the
package and its prominence. They also evaluate
how widely the package is used, and judge the
reputation of the software supplier. A supplier’s
reputation is a general criterion which depends
on many factors such as the length of the time
the supplier is present in the software market,
the number of employees and representative of-
fices the supplier has and the type and level of
user support that is provided.

14. General Manufacturing Modelling Features

Criteria included in this group concern general
features related to manufacturing modelling.
They evaluate whether the package allows mod-
elling of logical elements such as part attributes,
shifts modelling, and modelling of machine
breakdowns. Some special operations typical
for manufacturing systems are also included,
such as assembling, palletization and fluid com-
position.

15. Physical elements

The following criteria examine which physical
elements typical for different types of manufac-
turing systems can be modelled by a particular
package. These criteria mainly relate to differ-
ent types of machines and means of transport
that can be modelled by a specific package.

16. Scheduling Features

Criteria embraced in this group investigate the
variety of scheduling strategies that can be mod-
elled by the package. These criteria are dom-
inated by a variety of features needed for part
and vehicles scheduling.

17. Manufacturing Performance

Whilst criteria included in the “input/output”
group examine the type and quality of general
output reports, criteria included in this section
relate to reports typical for manufacturing. Cri-
teria classified in this group provide standard
reports needed for an insight into the perfor-
mance of the manufacturing system being mod-
elled (such as throughput, work in progress, tar-
diness and machine utilisation).

Some of the criteria do necessarily overlap, for
example ease of use and quality of documenta-
tion. It may be arguable therefore, as to why a
specific criterion is included in one sub-section
and not in another. There are also some cri-
teria that are more general, comprising several
specific criteria. For example, ease of use of
the package depends on many factors such as
the quality of documentation, on-line help and
tutorials, availability of a help line and the ex-
perience of the user.

However, to emphasize their importance all
these criteria are specified separately. In addi-
tion, the aim was to use a comprehensive eval-
vation framework that can be of practical use
than to invent a strict classification of criteria.
The above groups of criteria were used as the
basis for rating the simulators evaluated in this
research. Such approach was taken because it
was presumed that it is more beneficial to as-
sess the general performance of each software
tool with regard to a particular group of crite-
ria, rather than to evaluate every single criterion
(Hlupic and Paul, 1995).

4. A Comparative Evaluation of Simulation
Packages

This section deals with a comparative evaluation
of ten software packages especially designed
for simulation of manufacturing systems. The
main sources of information provided in this
section relate to evaluation of these packages
using various case studies and to the overall im-
pressions and experience of the author gained
through learning and using these simulators.

A rating of the evaluated packages has been es-
tablished for the purpose of their comparison,
as a relative measure of their quality from the
perspective of groups of criteria. As such, this
rating does not represent an absolute value.
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Table 1. Comparison of evaluated simulators in terms of groups of criteria
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Table 1 shows a proposed rating for the evalu-
ated packages, in terms of the general quality
of features within particular groups of criteria.
The highest rates achieved for a particular group
of criteria are emphasized in bold. The rating
interval used in this assessment is similar to the
one proposed by Ekere and Hannam (1989).
The general quality of simulators with respect to
particular groups of criteria is rated from 1 to 10,
where 1 represents very poor quality or absence
of the features within particular groups of crite-
ria, whilst grade 10 represents excellent quality.
Appropriately, it is proposed that 5 is taken to
be a ‘nominal acceptance level’, or NAL for
short. The grades for a certain group of criteria
that are above the NAL indicate that a pack-
age is performing adequately, whereas those be-
low signify the opposite. Although the NAL is

clearly subjective, it does provide a level against
which the relative performance of a package can
be measured and reflected on. As the evalua-
tion cannot be entirely objective, this qualitative
measure of performance, the NAL, provides a
relative measure. Nevertheless, clearly any par-
ticular grade is merely a ‘qualitative’ number,
and the rules of arithmetic can only be applied
with caution, if at all.

Table 1 shows that all packages are rated quite
high with regard to general features. They are
all data driven and manufacturing oriented (with
MicroSaint being more general purpose than the
other packages). WITNESS, SIMFACTORY
I1.5 and ProModelPC for Windows are consid-
ered to be slightly more user friendly than the
other packages because of several features such
as pull-down menus, quality of graphics, assis-
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tance provided in modelling etc. On the other
hand, XCELL+ 1s the easiest to learn and use
because of its simplicity and similar applies to
MicroSaint. ProModelPC (DOS version), IN-
STRATA, Taylor II and AUTOMOD II balance
ease of learning and use with user friendliness
and comprehensiveness. Siman/CINEMA is
less easy to use, but it is very robust and flexi-
ble.

Visual aspects are rated highest for WITNESS,
Taylor II, Siman/CINEMA and AUTOMOD II,
which satisty the majority of criteria within this
group. AUTOMOD Il and Taylor I provide 3-D
graphics. SIMFACTORY I1.5, ProModelPC for
Windows and INSTRATA follow with quality of
graphics, which is also above the NAL. The next
in the sequence are ProModelPC and Micro-
Saint with no icon editor, and finally XCELL+
which uses symbolic graphics.

With respect to coding aspects, Siman/CINEMA
is rated as the best. This package is a simula-
tion language (Siman) based environment and
as such it provides a good support for the ma-
jor programming concepts. WITNESS, Taylor
II, MicroSaint, and AUTOMOD II follow with
the second highest rates. The reason for this is
a availability of internal macro languages pro-
vided for additional coding. Next in the se-
quence are INSTRATA and both versions of
ProModelPC. The quality of SIMFACTORY
I1.5 regarding this group of criteria is even lower
(at the NAL level) due to inadequate flexibility,
whilst XCELL+ does not allow for any pro-
gramming at all.

The efficiency related rating of the packages
also shows good quality. WITNESS is given
the highest score, mainly because of its rela-
tively high robustness and interactivity. Next in
line are SIMFACTORY IL.5, Siman/CINEMA,
Taylor II, MicroSaint, AUTOMOD II and both
versions of ProModelPC. SIMFACTORY I1.5
and ProModelPC for Windows, for example,
are better in features such as adaptability and
interactivity, whilst Siman/CINEMA is better
regarding robustness. XCELL+ is lacking ro-
bustness, but it has a short time scale for model
building. Finally, INSTRATA is more robust
than XCELL+, but it has a significant problem
with reliability.

Modelling assistance is slightly better ranked
for WITNESS, Siman/CINEMA, Taylor II and

AUTOMOD II than for the other packages mainly
because of prompting, on-line help and auto-
matic data editing. Similar applies to SIMFAC-
TORY IL.5, MicroSaint and ProModelPC for
Windows and INSTRATA. XCELL+ is graded
quite high due to its prompting, and its rejec-
tion of invalid values. The last simulator in the
sequence is ProModelPC (DOS version). Al-
though it possesses several features regarding
modelling assistance, some of them are of little
use.

With regard to testability, WITNESS, Siman/-
CINEMA and AUTOMOD II outperform all the
other packages. They are rated quite high be-
cause they have many features that facilitate
model verification such as logic checks, dis-
play of variables, function values, an access to
attributes etc. Next are SIMFACTORY I1.5,
Taylor IT and ProModelPC for Windows, all
with good visual facilities for debugging. Then
follows XCELL+, and finally the lowest rated
ProModelPC (DOS version), because testabil-
ity is perhaps the weakest feature of this simula-
tor. The main reason for this is the poor quality
of error messages, which do not even provide
information about where an error has occurred.

The quality of features with regard to software
compatibility is above the NAL, but not very
high. Siman/CINEMA achieved the highest
rate due to its compatibility with spreadsheets,
statistical and scheduling packages. Whilst ma-
jority of simulators under consideration enable
integration with word processors and spread-
sheet packages, SIMFACTORY IL.5 and Pro-
ModelPC (DOS version) are slightly better
ranked, because they can be linked with data
bases and statistical packages respectively. Tay-
lor II is only compatible with spreadsheets. At
the moment, none of them can be integrated
with MRP II software or expert systems.

Concerning the input/output features, WITNESS
has achieved the highest performance mainly
because of its variety of standard and special
user-defined reports, as well as its facilities for
user friendly input of data. The same rate was
given to Siman/CINEMA due to a variety of
output reports provided, multiple inputs and
outputs, periodic output of simulation results
etc. Next in the sequence are SIMFACTORY
I1.5, Taylor II, INSTRATA, AUTOMOD II and
both versions of ProModelPC, some of them
providing facilities such as summary reports
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for multiple runs or snapshot reports. Finally,
XCELL+ is the last in the sequence, mainly
because of its lack of user defined reports and
of summary reports for multiple runs. Similar
applies to MicroSaint.

SIMFACTORY IL.5 and ProModelPC (DOS
version) are best ranked regarding experimen-
tation facilities, providing features such as fa-
cilities for multiple runs, accuracy checks and
the automatic determination of run length (SIM-
FACTORY I1.5) or a facility for the automatic
testing of ‘what if” scenarios (ProModelPC).
Experimentation facilities for WITNESS are
slightly worse, mainly because the setting up
of automatic experimentation is not straight-
forward. The same grade was given to other
packages (except XCELL+) due to inadequate
facilities for speed adjustment and specification
of the warm-up period. Finally, XCELL+ is
rated just above the average, because it cannot
automatically run multiple experiments. None
of the packages provides an adequate help for
experimental design.

It is judged that SIMFACTORY I1.5 and Taylor
IT have the best statistical facilities in compar-
ison with the other evaluated simulators. They
not only provide features such as numerous the-
oretical statistical distributions, they also enable
distribution fitting and Goodness-of-fit tests.
All other packages except XCELL+ follow,
where WITNESS is lacking, for example, fa-
cilities for distribution fitting and output anal-
ysis, ProModelPC (DOS version) and AUTO-
MOD II are lacking a large number of random
number streams and antithetic sampling, whilst
INSTRATA is lacking an adequate facility for
user-defined distributions. Finally, XCELL+ is
rated at the NAL, because of its small number
ot theoretical statistical distributions, and a lack
of antithetic sampling and distribution fitting.

With regard to user support, WITNESS and
SIMFACTORY I1.5 are rated highest. The sup-
pliers of both simulators provide a high level
of support in the form of user group meetings,
help-lines etc. Other packages were also given
grades above the NAL levels, but slightly lower.

ProModelPC (DOS version) is ranked as the
best regarding financial features. lts price de-
pends on the number of operations purchased,
and even so, it is the least expensive package
(in comparison with the other packages eval-
uated), with moderate hardware requirements.

This was the main reason for such a high scor-
ing, although it might be argued that it has a lim-
ited portability. The next simulator is XCELL+
with similar characteristics, but it is slightly
more expensive. SIMFACTORY I1.5 follows
with a significantly higher price, but with high
portability, and free software trials. In addi-
tion, this is the only simulator among those
evaluated that does not require a security de-
vice. INSTRATA, Siman/CINEMA, Taylor II
and AUTOMOD Il have significant hardware
requirements and need a security device. WIT-
NESS is in the last position regarding this group
of criteria, because its price is the highest and
its hardware requirements are high.

Regarding their pedigree all simulators are rated
highly because they are all quite well known
and widely used. They are all of similar age,
as most of them were released on the market
around 1986, with the exception of INSTRATA
and ProModelPC for Windows which were re-
leased a few years later. Information about
these simulators appear in various sources of
literature. However, WITNESS and Siman/-
CINEMA are ranked slightly better then other
simulators. WITNESS due to its SEE-WHY
origin (SEE-WHY introduced visual interac-
tive systems ), whilst Siman/CINEMA due to its
spread. ProModelPC for Windows is given the
smallest rate because it is the newest package,
and so not many information about its success
is available.

Concerning the number and quality of general
manufacturing modelling features, WITNESS,
Siman/CINEMA, Taylor II, INSTRATA, AU-
TOMOD 1I and SIMFACTORY IL.5 are rated
highest. All of these packages enable modelling
of a variety of features typical of manufacturing
systems. They are followed by both versions
of ProModelPC, and finally XCELL+ (whose
main shortcoming is its inability to model part
attributes) and MicroSaint (with more general
modelling elements named tasks).

With regard to the physical elements, WIT-
NESS, Taylor II, INSTRATA and SIMFAC-
TORY IL.5 explicitly provide a variety of physi-
cal elements typical of manufacturing systems,
such as various types of machines and mate-
rials handling systems. Different physical el-
ements are modelled by an appropriate routing
logic when ProModelPC (DOS version) is used.
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Similar applies to AUTOMOD II and Siman/-
CINEMA. For example, due to its programming
flexibility, Siman/CINEMA is capable of mod-
elling a variety of physical elements, but there
are no explicit facilities for rapid modelling. Fi-
nally, XCELL+ and MicroSaint are in the last
position. XCELL+ requires, for example, the
use of dummy elements if a certain type of ma-
chine is to be modelled, whilst MicroSaint, due
to its generality, lacs explicit modelling facili-
ties for physical elements.

Concerning scheduling features, WITNESS was
given the highest grade, mainly because one
can model a variety of scheduling strategies
using both the in-built input/output rules and
additional programming. INSTRATA, Siman/-
CINEMA, Taylor 11, MicroSaint, AUTOMOD
I, SIMFACTORY II.5 and both versions of Pro-

ModelPC follow with similar characteristics, al-
though the modelling of scheduling is less flex-
ible (except for Siman/CINEMA). Finally, it
was estimated that the scheduling features pro-
vided by XCELL+ are of an average quality,
mainly because of its restricted flexibility to
model a variety of scheduling strategies.

A similar gradation applies to the group of crite-
ria related to manufacturing performance. Al-
though all packages provide automatic collec-
tion of statistics, there is a difference in the
number, quality and form of reports. An addi-
tional factor that was considered important is the
facility to obtain special user-defined reports.
Regarding these criteria, WITNESS was rated
at the highest level, following by INSTRATA,
AUTOMOD II, SIMFACTORY 1I1.5, Siman/-
CINEMA, Taylor II and both versions of Pro-

Table 2. Deviations from maximum scores specified for the groups of criteria
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ModelPC. XCELL+ and MicroSaint are in the
last position. XCELL+ mainly due to lack of
any special user defined reports, whilst Micro-
Saint due to the lack of facilities for automatic
collection of measures of manufacturing perfor-
mance.

An additional analysis of the rating of the eval-
uated simulators in provided in Table 2. Table
2 shows deviations from maximum scores ob-
tained by packages, specified for each group of
criteria. Therefore, the closer a value of de-
viation is to zero, the better. The results ob-
tained further support the claim that although
some packages might have a better overall per-
formance than the others, they do not perform
equally well for all groups of criteria.

5. Suitability of the Evaluated Packages for

Particular Purposes

Results of the comparative evaluation of ten
simulation packages reveal several facts. Al-
though some simulators scored higher than the
others, for example WITNESS v. XCELL+,
there is no such a package that satisfies all cri-
teria, and shows good performance in all fea-
tures. Usually, features of the simulators, such
as robustness and comprehensiveness, require
more learning and an increase in model de-
velopment time, demanding at the same time

purchasinghigher costs. Similarly, more user
friendly and easy to learn packages usually lack
flexibility and robustness.

In general, there is no package which is equally
good for all the purposes of education, rapid
modelling in industry, or complex and detailed
modelling in industry. As is shown in Hlupic
(1993), the level of importance of certain soft-
ware features is different for different purposes.
Simulators under consideration in this study
were evaluated using the evaluation framework
described in the second section of this paper.
Following the evaluation, the results were anal-
ysed from the perspective of hierarchy of cri-
teria derived by Hlupic (1993). This hierarchy
shows that certain groups of criteria are more
important than the others when a package is to
be used for a particular purpose. In this context,
on the basis of the evaluation of the packages,
and on the basis of experience of the author
obtained in using these packages, a suggested
suitability of simulators for particular purposes
is shown in Table 3.

Table 3 shows that XCELL+ and MicroSaint
can be considered as the most appropriate for
education purposes. The main reasons for this
are their simplicity, ease of learning and use,
and short model development time. The second
best packages for education are SIMFACTORY
I1.5 and ProModelPC for Windows which can

Table 3. The suitability of evaluated simulators for particular purposes

RANK || EDUCATION RAPID DETAILED/
MODELLING- COMPLEX
INDUSTRY MODELLING-
INDUSTRY
AND RESEARCH
1. XCELL+ SIMFACTORY IL.5 | Siman/CINEMA
MicroSaint Taylor II
2. SIMFACTORY I1.5 | MicroSaint WITNESS
ProModelPC (W) ProModelPC (W)
3. INSTRATA XCELL+ AUTOMOD 11
4. ProModel PC (D) INSTRATA ProModelPC (D)
ProModelPC (D) | Taylor II
INSTRATA
MicroSaint
5. WITNESS WITNESS ProModelPC (W)
AUTOMOD 11 AUTOMOD 11 SIMFACTORY I1.5
Taylor II Siman/CINEMA
6. Siman/CINEMA XCELLA+
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be fairly easily learnt and used, providing at the
same time good overall features. At the third
level is the more comprehensive and difficult to
learn INSTRATA. ProModelPC (DOS version)
follows, and finally WITNESS, AUTOMOD
II and Siman/CINEMA are the least suitable
for education, as they require more experienced
users and have some features specially needed
for detailed modelling.

With respect to rapid modelling in industry, it is
appraised that SIMFACTORY I1.5 and Taylor
II are the most suitable packages. In addition
to their relatively easy learning and use, they
have quite straightforward modelling of many
features typical of manufacturing systems. The
second position is assigned to MicroSaint and
ProModelPC for Windows, which are even eas-
ier to learn and use, but are more inflexible.
Then follows XCELL+ and INSTRATA with
ProModelPC (DOS version). Finally, although
WITNESS, Siman/CINEMA and ProModelPC
can also be used for rapid modelling in indus-
try, they are in the last position because it takes
quite a long time to learn and use them properly.

For detailed /complex modelling in industry and
research, it is estimated that Siman/CINEMA
the most suitable package. The main reason for
this is the highest flexibility achieved by Siman
programming constructs. Itis followed by WIT-
NESS, and AUTOMOD II. Both WITNESS and
AUTOMOD II are quite comprehensive, robust
and flexible, as much as simulators can be. At
the same time they are quite user friendly and
easy to use once they are learnt. The subse-
quent most suitable packages are ProModelPC
(DOS version) (mainly because of its program-
ming flexibility and possibility of linking to a
lower language, although its models are not easy
to debug), INSTRATA (with a library of con-
structs and phrases, which quickly becomes too
restrictive unless the user is able to program in
GENETIK), Taylor II and MicroSaint (with in-
ternal macro languages). The next package is
SIMFACTORY 11.5, which, despite many good
general features, is quite limited in flexibility
and robustness. Finally XCELL+ might be
considered as the least suitable for complex and
detailed modelling due to its simplicity and in-
flexibility.

6. Conclusions and Future Work

This paper provides a comparative evaluation
of ten software packages designed for manu-
facturing simulation. The aim of research was
to generally comprehend basic features of each
package, rather than to examine specific fea-
tures via single criteria within each group. It is
likely that specific features are going to change
or be added to with new releases of the packages
under consideration.

In order to perform a comparative analysis of the
evaluated packages, the general quality of each
group of criteria was ranked for each package.
This showed that although the packages have
many common features, there is also a variety
of differences between them. Our research has
revealed that none of the packages satisfies all
criteria, and none is equally good for all pur-
poses. Although some packages are more com-
prehensive and flexible than the others, there
is no package that can adequately fit any man-
ufacturing problem unless it is entirely based
on a simulation language or it provides a link
to a lower programming language such as Pas-
cal, C, or FORTRAN. Those packages that are
more robust and adaptable are usually less user
friendly, more expensive, difficult to learn and
difficult use properly. The less work required
from the user the more must be done by the
package itself, which increases its complexity,
size, cost and execution times (Carrie, 1988).

A general conclusion to be drawn from this re-
search supports the fact that the selection of
a piece of simulation software is a matter of
compromise between many, usually conflicting
factors. One of the most important factors that
determines a suitability of a particular software
package is its intended purpose. For example,
the requirements for a package to be used for
education or rapid modelling in industry are un-
doubtedly different from the features needed for
a package to be used for complex /detailed mod-
elling in industry. There are many other factors
to be considered, such as the budget available
for software purchase, types of systems to be
modelled, and subjective factors such as indi-
vidual preferences and previous experience in
using simulation software.

There are several lines for further research in
this area. Other simulation packages are to be
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Appendix A: Versions of the simulators being evaluated

SIMULATOR VERSION
WITNESS Release 3, version 7.3.0
SIMFACTORY 11.5 Release 4.2
Siman/CINEMA Version IV
TAYLOR I Version 4.0
MicroSaint Version 2.0
ProModelPC (Windows) | Version 1.10
ProModelPC (DOS) Version 5.0
INSTRATA Version 3.01
AUTOMOD II Version 2.0
XCELL+ Release 4.0

evaluated, with constant updating of the evalu-
ation framework. The final objective is to em-
body all the research findings into an intelligent
software system, which will assist the users in
simulation software selection.
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