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INTRODUCTION 

The need for the simulation of more complex systems has been increasing and 

thus the necessary for simulation computing power may frequently exceed the 

available in spite of the fact that, because of the development of computer technology, 

the available computing capacity has been permanently increasing too. 

 The ICT (Information and Communication Technology) and BP (Business 

Process) systems of an organisation may have significant influence on each other 

therefore the common modelling and simulation of these systems may give not only 

more exact results but also it may serve as an appropriate tool for fitting the features of 

ICT and related BP systems with each other and with the goals of the business. The 

common simulation of ICT and related BP systems may lead to the analysis of large 

and complex systems where the necessary computing capacity may be more than the 

sensibly available. 

 Increasing the efficiency of simulation is one possible way to be capable to 

perform more complex simulation analysis. 

 The efficiency of simulation may be influenced by many factors including 

methodological factors too. Such methodological factors are the frequent occurrence 

of unstructured problems in modelling [Pidd, 1991] and the problem of efficient 

applicability of methods [Jackson and Keys, 1984]. The traditional parallel simulation 

methods increase the efficiency of simulation by speeding-up the simulation 

([Fujimoto, 1990] and [Lencse, 1998]). The TFA (Traffic Flow Analysis, [Lencse, 

2001]) method which is a fast and approximate method for simulation acts on the 

efficiency in the same way. The effect of fast methods on the efficiency of simulation 

largely depends on whether the decision on their use can be made necessarily early in 

the process of simulation and on the way how they can be applied together with the 

detailed methods of simulation.  

 For the increase of the efficiency of simulation, it is necessary to establish 

methods taking care about the above factors, methods examining not only the direct 

efficiency –the efficiency measured by comparing the output and the resources used 

for producing it – but the whole process of simulation. 
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RESEARCH OBJECTIVES 

 The efficiency of simulation is the efficiency of the whole process of simulation 

which lasts from identification and analysis of the need for developing a simulation 

model of the system of interest to providing support for the implementation of the 

results of simulation. In the common analysis of organisational ICT and BP systems, 

the efficiency of simulation may be influenced by the organisation – the environment 

for the process of simulation – and the influence may also include broader 

organisational aspects both in time and in system terms.  

 The goal of My PhD research is the investigation of hard- and soft-systems 

methods and methods of their application in order to increase the efficiency of 

simulation according to the points described below: 

1 The research and development of the set of methods covering the whole process 

of simulation (The need for planning and development of ICT and related BP 

systems in the way of simulation frequently occurs in an unstructured form and 

in an environment with many participants, therefore the research of soft-

systems methods is important for the efficiency of simulation.) 

2 The research and development of the methodology (a simulation meta-

methodology) for the efficient application of the set of methods in the whole 

process of simulation 

3 The further development of the TFA method (which was planned for the fast 

modelling and simulation of ICT systems) and the extension of TFA for BP 

systems too (Speeding-up the simulation by the use of fast methods continues to 

remain an important way of increasing efficiency.) 

4 To develop the method of supporting efficient common application of the fast, 

approximate and the detailed modelling and simulation methods of ICT and 

related BP systems both in preliminary and detailed modelling phases  

The actuality of the objectives is underpinned by the increasing need for modelling 

and simulation of ICT and BP systems. An Example for the regular occurrence of the 

need for common analysis of ICT and BP systems is the change management of ERP 

(Enterprise Resource Planning) systems. The increased significance of the research is 

in the applicability of the methods developed according to the research objectives for 

efficient analysis of complex systems too. 
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METHODOLOGIES 

In order to reach the goals of the research, I applied the methods and approaches 

described below. 

The Simulation Meta-Methodology Thesis Group:  

For the analysis of the meta-level efficiency of the process of simulation of ICT and 

related BP systems, I introduced the concept of the dynamic simulation problem 

context, and used the systems approach of efficiency based on the performance criteria 

of efficiency (E1), efficacy (E2) and effectiveness (E3) – criteria defined on the basis 

of Checkland’s systems performance criteria [Checkland, 1989] – and on the new 

criterion of gap-efficiency (Eg). To take into account the simple-complex systems 

features of problem contexts of ICT and BP systems and also the soft-hard features of 

methods, I used two-state and four-state problem context type models (together with 

the appropriate categorisation of methods) that are based on systems theory and soft 

operation research approaches ([Jackson and Keys, 1984], [Checkland, 1989]). To 

examine the long range features of the defined Simulation Meta-Methodology (SMM) 

(convergence, stopping criteria), I used the problem context retrieval model, a new 

model which is based on information retrieval approach.  

To cope with the problem of maintaining the efficiency of soft-hard problem context 

transition, I used a new methodology, the MCMM (Modified Conceptual Modelling 

Methodology). To define the MCMM models, I used the approach of hardening-up the 

SSM (Soft Systems Methodology, [Checkland, 1989]) conceptual models and the 

approaches of enterprise and information system modelling. 

For the examination of the operation of SMM, I used the description of the 

implementation of SMM, and a comparison analysis with a published methodology 

[Sierhuis and Clancey, 2002] according to efficiency criteria. To evaluate the 

operation of MCMM, I used a case study of a CRM (Customer Relationship 

Management) system and a systematic description of MCMM implementation on a BP 

modelling system. 

For the formal analysis, I used graph models and the mathematical analysis method. 
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The Fast and Cooperating Models Thesis Group: 

In the analysis to formulate the spatial distribution algorithm of the TFA, I used the 

DES function feature1 of the TFA model and statistical approaches to take into account 

the speeding-up requirement of simulation and the uncertainty of results.  

To the analysis of the extension of TFA method for modelling of business processes 

and to establish the EFA (Entity Flow-Phase Analysis) method, I used the approaches 

of business process modelling and enterprise modelling and probability and linear 

regression models to describe the entity-load model and the changing activity-capacity 

model of EFA. For the examination of the work of the spatial distribution method, I 

applied an IP network capacity planning example and I used a simulation model for 

the analysis of the operation of EFA. 

To the definition of the method of cooperation of fast and detailed models of 

organisational ICT and related BP systems, for the development of conversions 

between models and for the creation of contracted models of a set of fast models, I 

used the DES function feature of fast models and the theory of parallel simulation 

[Fujimoto, 1990]. 

NEW RESULTS 

The Simulation Meta-Methodology Thesis Group 

In the PhD research, I have developed methodologies that can increase the efficiency 

of simulation on meta-level, on the level of methods, taking into account the hard and 

soft aspects of the systems (including the complex features of systems too) of interest 

and supporting also the crucial point in the process of simulation, the determination of 

the simulation model. 

 

 

 

 

 

 

                                              
1 TFA may be a set of functions within the DES (Discrete-Event Simulation) program and may use the virtual 
time of the DES engine (simulator) [Lencse, 2004]. 
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Thesis 1: Improving the meta-level efficiency of modelling and simulation  

[4, 5, 7, 12] 

A. Defining the SMM by extending the Jackson-Keys method and by introducing 

efficiency criteria 

I have extended the Jackson-Keys method [Jackson and Keys, 1984] for changing 

problem context types. To the extension, I have defined efficiency criteria E1, E2, E3 

(on the basis of Checkland’s efficiency measures for the performance of systems 

[Checkland, 1989]) and introduced the efficiency criterion Eg (gap-efficiency) in 

order to take into account the possible methodological gap. On the basis of the 

extended Jackson-Key method, I have introduced the concept of dynamic simulation 

problem context. I have defined the simulation meta-methodology according to the set 

of methods, structure and operation, taking into account the problem context features 

of organisational ICT and BP systems and two- and four-state problem context type 

models. 

B. The analysis of the convergence of the SMM process 

I have defined the problem context retrieval model of the SMM process. Using the 

composite measure of efficiency of retrieval (precision and recall are measured 

together [Rijsbergen, 1979]), I have shown that under certain conditions the process 

of SMM is convergent. I have defined stopping criteria for the SMM process. 

Thesis 2: Improving the efficiency of soft-hard problem context transition 

[4, 6, 7] 

I have defined the MCMM (Modified Conceptual Modelling Methodology). The 

MCMM – based on the modification of the conceptual models of SSM – is applicable 

both for soft and hard problem context types eliminating this way the occurrence of the 

methodological gap in the soft-hard problem context transition. 

- I have shown how the requirement of causality can be established in MCMM 

models for the case of common modelling of organisational ICT and BP 

systems. 

- For the investigation of structures and processes of organisational ICT and BP 

systems in MCMM models, I have introduced procedures for the analysis of the 

necessary and sufficient relations of subsystems, for the selection of resolution 
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of subsystems (using resolution transformations), for the synchronisation of 

subsystems and for the time-decomposition (using execution-state and 

execution-path models). 

- I have shown how the set of ICT and BP subsystems to be modelled and 

simulated can be determined using the procedures. 

The Fast and Cooperating Models Thesis Group 

In the research, I have developed fast, approximate methods for the increase of 

efficiency of simulation: I have developed methods for the fast modelling both for the 

ICT and BP systems. The use of different fast, approximate methods in preliminary 

modelling and the common use of the detailed (DES) models and the fast models in 

detailed modelling may significantly increase the efficiency of simulation. 

Thesis 3: Speeding-up the simulation on the basis of the TFA method  

[1, 3, 10, 11] 

A. Defining the size of the routing unit for the TFA spatial distribution 

I have defined the tree model of the aggregated traffic of applications and based on 

the model and using statistical constraints I have formulated the algorithm of the 

determination of the size of the routing units of application models. For the assessment 

of the results of TFA, I have defined evaluation metrics taking into account the 

uncertainty of results. I have shown how the definition of the routing unit size may be 

refined by using the defined metrics. 

B. Extension of the TFA method for BP systems: The Entity Flow-Phase Analysis 

(EFA) method 

I have shown how the TFA method can be extended for BP systems: I defined the 

entity-load model and the model of the changing activity-capacity. I have defined the 

applicability criteria for the method. 
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Thesis 4: Improving the efficiency by using the method of cooperation of 

fast and detailed models [2, 8] 

I have defined the method of cooperation of fast and detailed models for the 

preliminary and detailed phases of modelling and simulation of ICT and related BP 

systems: 

- For the detailed modelling, I have defined the system of conversions and 

synchronisation for the models (detailed and fast models) of the critical and 

non-critical subsystem of ICT and related PB systems. 

- I have defined the algorithm of cooperation of TFA (EFA) and contracted TFA 

(contracted EFA) models in preliminary modelling. 

- I have defined the criteria of parallel execution of cooperating models in the 

preliminary and detailed modelling of the ICT and related BP systems. 

APPLICATION OF RESULTS 

My results have been applied successfully in the following projects – requiring 

common modelling and simulation of organisational ICT and BP systems – of the 

Elassys Consulting Ltd: 

- Development of system and simulation models (connected to ERP system) for 

capacity planning of ICT-BP systems 

- Improving the performance of BP of a large telecommunication service 

company by integration of ICT services (I have published the results of the 

projects [9].) 

- Modelling and simulation of CRM system of a large company 

- Simulation of BCP-DRP (Business Continuity Plan – Disaster Recovery Plan) 

in order for support planning at a large power service company 

Relating to SMM, the results on the set of methods, the results on the definition of 

features of problem contexts of ICT and BP systems, the results on dynamic problem 

contexts and efficiency principles in fitting of problem contexts and methods have 

been applied for the planning and execution of projects for modelling and simulation. 

In connection with MCMM, the results on the selection of ICT and BP subsystems to 

be modelled and simulated and the results on planning of the simulation have been 

applied. The determination of the criticality of subsystems has been based both on the 

statistical analysis of measured and collected (primary and secondary) of ERP/NMS 
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(Network Management System) execution-time and system-time data and on the using 

of results of simulation, together with different practical procedures for the definition 

of criticality of systems. 

Relating to cooperating models, the results on the design of the system of conversions 

of ICT-BP models and the analysis of cooperation of subsystems using system-model 

matrix have been applied. (For the case of different software systems in modelling, the 

distributed modelling and simulation has been used together with the principle of 

parsimony in building preliminary models.) 

Concerning TFA/EFA, the results have been used for modelling the changing activity-

capacity – depending on the entity load – by using regression model based on 

historical MIS (Management Information System) data. 
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