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ABSTRACT

A simulation project for Information and Communication
Technology (ICT) system design and Business Process (BP)
design in an organisation usually starts with an unstructured
problem situation. We have already outlined a simulation
meta-methodology addressing the situation. Now, we give a
detailed description of the proposed simulation meta-meth-
odology dealing with both the hard and the soft aspects of
the problem. We describe the detailed process and function-
ing of a hard six-step simulation methodology which is an
integrated part of our simulation meta-methodology.

We define the role of the traditional SSM (Soft Systems
Methodology) in the simulation meta-methodology, and also
show how our previously proposed Soft Systems Methodo-
logy with Modified Conceptual Models (SSM-MCM) can
function as a bridge between hard and soft approaches.
There is also introduced a new fast simulation approach,
based only on the Traffic Flow Analysis and the Entity
Flow-phase Analysis.

We also examine the functioning of the simulation meta-
methodology in a collaborative environment, which is a fre-
quent situation.

INTRODUCTION

A simulation project for Information and Communication
Technology (ICT) system design and Business Process (BP)
design in an organisation usually starts with an unstructured
problem situation.

In a situation like this, there is a need for using a methodo-
logy which is able to deal with both the unstructured, soft
aspects and the hard aspects of the problem, thus this meth-
odology has to integrate the soft and hard approaches.

In (Muka and Lencse 2006) we outlined a simulation meta-
methodology addressing these requirements: we proposed a
simulation meta-methodology supporting problem-structur-
ing and effective goal definition, also increasing efficiency
by precise localization of systems to be modelled and by
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supporting decisions on the use of parallel simulation help-
ing in speeding up the simulation.

In (Muka and Lencse 2006) we introduced new concepts to
SSM (Soft Systems Methodology, Checkland 1985, 1989),
hardening-up the traditional SSM ((Gregory 1993) and
(Jackson and Keys 1984)). Our new concepts, Soft Systems
Methodology with Modified Conceptual Models (SSM-
MCM), help in the analysis of the organisational informa-
tion systems and also give support to timing decisions in
modelling.

In this paper we give an exact definition of the elements and
cycles of the outlined simulation meta-mehodology.

We also describe a new approach of the preliminary model-
ling step, a method, using only TFA (Traffic Flow Analysis)
and EFA (Entity Flow-phase Analysis) for this purpose.

In this paper we also introduce how SSM-MCM functions
as a bridge between soft and hard approaches and we ex-
actly define the functions of classic SSM in the process of
the simulation meta-methodology.

In (Muka and Lencse 2006) we proposed a six-step hard
simulation methodology to the simulation meta-methodo-
logy.

Now, we give a detailed description of the proposed hard
methodology, introducing the working process and describ-
ing the functions of the hard simulation methodology.

Finally, in this paper we also examine the simulation meta-
methodology process in a collaborative environment, which
can be a usual situation, by comparing meta-methodology to
a multi methodology, using the approach described in (Sier-
huis and Selvin 1996) and (Sierhuis and Clancey 2002) as a
starting point.

DETAILS OF THE SIMULATION META-
METHODOLOGY

In this paper we examine how the simulation meta-method-
ology works in detail.

First, we introduce the hard and soft approaches used in
building the meta-methodology.



Hard Approach: Detailed Formulation of the Proposed
Six-step Simulation Methodology

Traditionally, simulation is considered to be a hard systems
approach as a typical predict and control method (Jackson
1991).

As an element of the simulation meta-methodology (MM)
we describe in detail a hard simulation methodology (SM)

comprising six steps.

The six-step process of SM is shown in Figure 1.
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Figure 1.The Six-Step Process of the Proposed Classic Sim-
ulation Methodology

This is an iterative approach where an implementation sup-
port step is closing the loop. SM can be applied to simulate
both P and IT elements of an organisational information
system (Muka and Lencse 2006).

SM1 Defining Goals: - including preliminary design of
models

At this step we define the goals of the simulation: the fea-
tures to be simulated, the resolution and interval of simula-
tion.

A preliminary model design (which should be a simplified
and fast model design and simulation) serves to help suc-
cessful goal definition by giving a general view about the
model and the simulation. The result is a System of Goals
containing also the relationships of goal elements.

SM?2 Gathering and Analyzing Data:
Here all the data necessary for simulation should possibly

be collected: data about the “as-is” state and the states “be-
fore-the-as-is” of the systems to be simulated for a reason-
able time interval and scope. It should be a thorough data
mining activity: we should try to find data about the normal
and the extreme modes of operation, and if there is any in-
formation about disasters and disaster recovery situations.
The preliminary simulation model mentioned in SM1 may
help to find the right data and the correct limits to data gath-
ering.

Here we should find all the input data for simulation, data
about the model intended to be built and its loads.

The collected data should be analyzed and the Statistics
produced to help the necessary understanding of the sys-
tems.

SM3 Model Design and Model Building:

This is a tool-specific step: in many simulation environ-
ments (like ARIS, System Architect, Brahms, etc.) there can
be a separate step of designing a formal, static model. In
other environments design and building of simulation mod-
els is performed in one step. It is the direct dynamic ap-
proach (see Simprocess, ImiNet, ImiFlow, etc.).

According to the defined goals usually a Set of Models is
designed and built. To improve efficiency, Existing Models
can be used but usually it is also necessary to design and
build New Models.

SM4 Performing simulation:

This is also a tool-specific step and closely related to SM3.
At this step, run-analyze-debug cycles are performed and as
a result we will have model-runs of validated and verified
models.

According to SM1 a set of “as-is” and “what-if” scenarios
are examined and the required Output for Scenarios is pro-
duced.

In a hard approach, the decision about parallel simulation is
usually made at this step: the only criterion to use parallel
simulation is the software-hardware capacity limit sufficient
to perform the simulation with the required features.

SMS5 Analyzing Results:
At this step, a data mining activity is also required because

of the usually large quantity of output data. It may happen
that we have got the necessary results but we cannot find
them. The other important requirement is the visualization
of the results (In visualization, the animation feature of our
tool may have importance.). Using data mining and visual-
ization in the analysis we produce Reports about the simula-
tion for the defined users of the results.

SM6 Supporting Implementation:
This is an unusual step in the methodology but it may be

useful to consider the implementation aspects immediately.
It may reveal the necessity of producing Correction Plans,
because there can be different alternatives in the steps and
timing of implementation. It may be useful to perform SM6
in a preliminary way and include it into Reports produced at
step SMS.



Soft Approach: Two Aspects of Using SSM in the Simu-
lation Meta-Methodology

The classic SSM is a soft approach. In MM two different
aspects of SSM are important:

1. SSM as a learning method
2. SSM as a method for information system analysis and
design

1. SSM as a learning method plays multiple roles in MM:
a. It is a method of facilitation in the team work
b. Itis a method of enquiry
c. Itis a method of consensus building
2. The modified SSM, that is SSM-MCM (Soft Systems Methodo-
logy with Modified Conceptual Models (Muka and Lencse 2006)),
is a soft method that has been hardened up (Jackson and Keys
1984) to support information system analysis and design.

The Simulation Meta-Methodology: Elements and
Cycles

In the following, we describe the elements and cycles of the
MM using the concept of combined hard and soft ap-
proaches introduced in (Muka and Lencse 2006).

(The elements and cycles in working process of MM are
shown in Figure 2.)
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Figure 2. Elements and Cycles of the Meta-Methodology

Main points of MM are as follows:

MM1: Goal Definition

MM2: Identification of a Widened Set of Relevant Systems
MM3: Development of Conceptual Models and Simulation
MM4: Analysis and Support for Implementation

Now let us consider the detailed work of MM:

MMI1 consists of the following elements: SSM problem
learning, Goal-reduction-linking, SM1 and TFA-EFA scan-
ning.

SSM problem learning: a classic SSM is used for learning
the situation, learning the goals and their relationships for
the derivation of requirements for simulation models.
Goal-reduction-linking: this is a hard element, a method of
getting the simulation project goals from the organisational
goals. The basic idea of this method is the goal reduction
(Koubarakis and Plexousakis 1999) and linking the goals to
the processes to be simulated and to the process of the simu-
lation project itself.

SM1: Defining goals

TFA-EFA scanning:

By performing this methodological element, we execute
preliminary simulation. At this step, we do not want to get
exact final results but rather to see the quality and scope of
the results, to introduce the simulation method, to get in-
formation about the necessary inputs, and to get information
about the future models and simulation, in order to help
goal definition, and to make the objectives clear.

For this purpose fast full MM cycles are to be used that is
fast cycles including MM 1-MM4.

To perform fast simulation in this phase, methods like EFA
and TFA may be efficient (Lencse and Muka 2006a, 2006b).
(As an additional advantage, models constructed at this step
may be used later in the methodology at phase MM3.)

(For further research it may be fruitful to examine the use of
the Statistical Synchronization Method (Pongor 1992)
(Lencse 1999) as a fast simulation method at this step of
MM, because of its minimized communication needs
between model segment.)

MM2 contains: SSM discovery, SSM data source, TFA-
EFA scanning, SM2.

SSM discovery: This is a classic learning SSM, whose pur-
pose is to identify all the systems possibly influenced by the
simulation project, to gather and analyze informal data too,
to identify the widened set of relevant systems.

The widened set of relevant systems consists of systems that
are sources of data for simulation, systems that can be prob-
able users of simulation results, and systems probably to be
simulated.

SSM info-source:

This is a classic learning SSM used in order to identify
formal and informal data sources and also to identify typical
and critical data configurations.



The method supports identification of typical and critical
data configurations for all relevant systems. These data con-
figurations should be identified for the simulated time inter-
val, or for a reasonably longer interval having influence on
the simulation.

TFA-EFA scanning: The purpose of using the method is to
help data source identification and to find the users and po-
tential users of data in order to maximize effectiveness and
efficiency of simulation project.

SM2: Gathering and Analyzing Data — It is a method of
gathering and analyzing formal data.

MM3 consists of elements: SSM scenarios, SSM-MCM1 P-
IT-N&S, SSM-MCM2 timing-decomp, SSM-MCM3 critical
P-IT, SSM-MCM4 P-part-group, SSM-MCMS5 IT-part-
group, SM3, SM4.

SSM scenarios: This is a learning SSM to identify simulated
scenarios and also to verify and validate simulation models.
SSM-MCM(1-5): These SSM methods are using MCM
(Modified Conceptual Models) introduced in (Muka and
Lencse 2006).
SSM-MCM1 P-IT-N&S: to identify P and IT subsys-
tems, and elements to N&S conditions
SSM-MCM?2 timing-decomp: to define time relations in
models, to synchronize models and to make time decom-
position
SSM-MCM3 critical P-IT: to define critical P and IT
elements to be simulated
SSM-MCM4 P-part-group: to make decisions on parti-
tioning and grouping of P elements for parallel simula-
tion
SSM-MCMS5 IT-part-group: to make decisions on parti-
tioning and grouping of IT elements for parallel simula-
tion
Considering the application of parallel discrete-event simu-
lation (PDES) we make decisions about grouping or parti-
tioning the elements and also (already having the informa-
tion about critical elements) we may have considerations
about using DES-P DES-IT, TFA and EFA and also about
using the combination and interworking approach in parallel
simulation (Lencse 2004), (Lencse and Muka 2006a),
(Muka and Lencse 2006).
If a subsystem seems to be too large we may try to use ex-
pansion for partitioning (Muka and Lencse 2006). After
PDES decisions the simulation elements SM3 and SM4 are
completed. At performing SM4 it may be necessary to reuse
the SSM scenarios method.
SM3: Model Design and Model Building
SM4: Performing Simulation

MM4 has elements: SSM observation, SM5, SM6, SSM
implementation.

SSM observation: This is a learning SSM application help-
ing in the evaluation of the simulation results we got from
performing SM5. Based on formal information of the ana-
lysis in SM5 and on informal assessment of SSM, alternat-
ives for decisions can be made.

SMS: Analyzing Results

SM6: Supporting Implementation

SSM_implementation: This is a learning SSM application
which is used in the evaluation of implementation features
revealed by SM6. To complete a successful simulation pro-
ject, it is advisable to close the methodological loop and to
think about implementation aspects as a decision support
element.

The Simulation Meta-Methodology and the Organisa-
tional World

In Figure 3. we show the simulation meta-methodology with
its elements and their relationship in the Organisational
World, in the world where the simulation takes place and
where the meta-methodology should work.

The organisational world is divided into two parts: the Hard
Thinking World and the Soft Thinking World.

Hard Thinking

Figure 3. Hard and Soft Thinking in the Process of the
Meta-Methodology

The conclusions may be the following:

= the classic SSM works in Soft Thinking World

=  the SM woks in the Hard Thinking World

= the SSM-MCM works “between the worlds”

= the MM cycle starts and ends in Soft Thinking
World

= usual soft and hard methods have only logical con-
nections: after completing their cycle we go on to
use the next method

= in the case of SSM-MCM hard steps are intro-
duced into the soft cycle therefore it operates in a
transient way.

= the starting and finishing method (SSM problem
learning) is in the Soft Thinking World

ANALYSING SIMULATION META-METHODO-
LOGY AS A COLLABORATIVE APPROACH

A description of a framework for collaborative modelling
and simulation was given in (Sierhuis and Selvin 1996) and
(Sierhuis and Clancey 2002). The collaborative modelling
and simulation process is viewed as a holon in the sense of



Soft Systems Methodology. (SSM type holon is a particular
kind of holon, a Human Activity System (HAS), that is a set
of activities connected to make a purposeful whole (Check-
land and Scholes 1990).) In this approach there are two design
teams - a soft thinking team and a hard thinking team — and
there is a multi-methodology that consists of methodologies
M1-M4. (Any of the methodologies are also holons in this
framework.)

Now we will summarize the features of the methodologies
in the multi-methodology:

M1 is a methodology to perceive a system and to construct
soft static models. This is a structured methodology to ob-
serve and analyze the “as-is” state of the system (or prob-
lematic situation) with the goal to gather data describing the
system.

M2 is a methodology to design simulation models.

This is a methodology to co-design formal static models, to
translate soft models into formal models.

M3 is a methodology to create and to run simulation mod-
els. This is a tool-specific methodology to implement, to de-
bug, and to validate dynamic simulation models and to run
the simulator with the formal model as input, and the dy-
namic performance (behaviour) of the simulated system as
an output.

M4 is a methodology to observe the simulation output. The
purpose of this methodology is to observe and to investigate
simulation results by comparing the results with the existing
system in order to create shared understanding of the sys-
tem.

For our analysis, we modify the collaborative modelling
and simulation process described in (Sierhuis and Selvin
1996) and (Sierhuis and Clancey 2002).

The modifications (shown in Figure 4.) are summarized in
the points below:

1. The analyzed HAS is an organisational information sys-
tem with P and IT elements in it. (The Organisational Sys-
tems with P and IT elements that are in the focus of our ana-
lysis may also be viewed as holons.)

2. The observed Simulation Output shows the dynamic be-
haviour of the organisational information system.

3. The Soft Team may involve Decision Makers.

4. The Hard Team may contain two collaborating design
sub-teams: a P Team and an IT Team.

5. In the Soft Team and also in the Hard Team, there is a
modeller familiar with the meta-methodology and having
practice with SSM-MCM.

6. A new methodology M23 is introduced. M23 is a method-
ology of controlling the collaboration of P Team and IT
Team in the parallel and co-design of the set of P and IT
simulation models.

We examine the following questions:

= What is the relationship between meta-methodology
and the methodologies of the multi-methodology?

=  How does the meta-methodology meet the requirements
of the collaborative approach?

For the analysis, we compare the elements of the multi-
methodology and the meta-methodology in the modified
collaborative modelling and simulation process:
Meta-Methodology and M1:

M1 is covered by MMI1, MM2 and MM3 phases of our
meta-methodology. Here the resolution of the meta-method-
ology is higher: In the case of MM1 the goal setting is ex-
plicit, while in the case of M1 the goal setting is only impli-
cit (the goal is to model and to simulate human activity sys-
tems in a way of building useful models). In MM2 the rel-
evant data sources are selected carefully, but in a wider
manner: not only about the “as-is” state (for example it may
be decided to collect data about state “before-the-as-is”, and
also about the “to-be” state, etc.) and both formal and in-
formal data may be gathered.

MM3 and its steps MCM1-MCMS (in the part performed
by the soft team) will help to eliminate the methodological
gap between M1 and M2, between the soft (informal) and
hard (formal) approaches, respectively.

Meta-Methodology and M2:

M2 is covered by SM3 of MM3 and by the part of MCM1-
MCMS performed by both sub-teams (P-team and IT-team)
of the hard-team. MM3 will help to increase the efficiency
of the co-design performed by the collaborative teams.
Meta-Methodology and M3:

M3 is covered by SM4 of MM3, but in our approach it
should be a more compound step, it is about the creation of
a set of models by hard-teams: P-models, IT-models, ac-
cording to the scenarios derived from the system of goals.
Meta-Methodology and M4:

M4 is covered by MM4, with steps SM5 and SM6, but in
the meta-methodology the simulation outputs are not only
observed, but the results of the observation are to be presen-
ted to the decision makers and the question of implementa-
tion is also discussed.

Meta-Methodology and M23:

In the meta-methodology, M23 is supported by MCMI-
MCMS5 of MM3 fulfilling the requirements of the collabor-
ative approach.
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Figure 4. Collaborative Simulation Model Development Us-
ing the Meta-Methodology



In Figure 4. we show the methodologies of the multi-meth-
odology and the meta-methodology elements realizing the
function of the given methodology.

CONCLUSIONS

In this paper, we have given a detailed description of our
previously outlined simulation meta-methodology, defining
the full set of methods and the process of the simulation
meta-methodology.

We have given an exact description of our hard six-step
simulation methodology. We have defined the main output
of the methodology at each step.

We have also defined the role of traditional SSM in the
meta-methodology.

We have proposed a new approach, to use only TFA-EFA
for preliminary modelling in the meta-methodology.

We have examined the relationship of hard and soft meth-
ods of the meta-methodology in the organisational world.
We have described the use of the simulation meta-methodo-
logy in a collaborative environment.
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